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• Human	&	mouse	macrophages	were	triggered	with	a	sialoadhesin(Sn)-specific	antibody	19	
• Sn	triggering	almost	completely	blocked	phagocytosis	of	fluorescent	beads	20	
• No	effect	was	seen	for	antibody-coated	beads	taken	up	via	Fc-mediated	phagocytosis	21	
• Phagocytosis	of	bacteria	was	higher	in	mouse	macrophages	after	Sn	triggering	22	

Abstract	23	
Sialoadhesin	 (Sn)	 is	 a	 surface	 receptor	 expressed	 on	macrophages	 in	 steady	 state	 conditions,	 but	24	
during	inflammation,	Sn	can	be	upregulated	both	on	macrophages	and	on	circulating	monocytes.	 It	25	
was	 shown	 for	 different	 species	 that	 Sn	 becomes	 internalized	 after	 binding	 with	 monoclonal	26	
antibodies.	These	 features	 suggest	 that	Sn	 is	a	potential	 target	 for	 immunotherapies.	 In	 this	 study,	27	
human	 and	 mouse	 macrophages	 were	 treated	 with	 anti-Sn	 monoclonal	 antibodies	 or	 F(ab’)2	28	
fragments	and	the	effect	of	their	binding	to	Sn	on	phagocytosis	was	analyzed.	Binding	of	antibodies	29	
to	Sn	resulted	in	delayed	and	reduced	phagocytosis	of	fluorescent	beads.	No	effect	was	observed	on	30	
Fc-mediated	 phagocytosis	 or	 phagocytosis	 of	 bacteria	 by	 human	 macrophages.	 In	 contrast,	 an	31	
enhanced	phagocytosis	of	bacteria	by	mouse	macrophages	was	detected.	These	results	showed	that	32	
stimulation	of	Sn	could	have	different	effects	on	macrophage	phagocytosis,	depending	both	on	the	33	
type	of	phagocytosis	and	cellular	background.		34	
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1 Introduction	37	
Macrophages	 are	 a	 type	 of	 phagocytes	 that	 play	 a	 role	 in	 both	 the	 innate	 and	 adaptive	 immune	38	
system.	 Along	 with	 neutrophils,	 macrophages	 are	 the	 first	 defensive	 cells	 to	 meet	 intruding	39	
microorganisms.	Upon	recognition	through	a	set	of	cell	specific	receptors,	phagocytic	cells	are	able	to	40	
engulf	the	microorganisms	to	prevent	further	spread	in	a	process	called	phagocytosis.	Phagocytosis	is	41	
often	 associated	 with	 the	 release	 of	 cytokines	 and	 chemokines	 and	 unlike	 neutrophils,	 the	 more	42	
specialized	macrophages	can	present	antigens	to	T	cells,	activating	the	adaptive	immune	system	[1,	43	
2].	 In	 some	 cases,	 pathogens	 like	 Legionella	 and	 Mycobacterium,	 abuse	 phagocytosis	 by	44	
macrophages	 to	 evade	 the	 immune	 system	while	 preventing	 phagosome	maturation	 by	 inhibiting	45	
phagosome-lysosome	fusion	[2].	To	that	respect,	modulation	of	phagocytosis	could	be	interesting	in	46	
some	 diseases,	 for	 instance	 in	 chronic	 obstructive	 pulmonary	 disease	 and	 hemophagocytic	47	
syndromes.	In	chronic	obstructive	pulmonary	disease,	a	reduced	bacterial	phagocytosis	was	observed	48	
in	 macrophages	 [3,	 4].	 In	 contrast,	 upregulated	 phagocytosis	 of	 erythrocytes	 and	 platelets	 was	49	
observed	 in	 hemophagocytic	 syndromes	 [5].	 Modulation	 of	 phagocytosis	 could	 aid	 in	 these	50	
conditions	 to	 obtain	 an	 elevated	 or	 reduced	 phagocytosis	 rate	 in	 the	 macrophages.	 Indeed,	51	
modulation	 of	 phagocytosis	 was	 shown	 by	 targeting	 transmembrane	 proteins	 with	 monoclonal	52	
antibodies	 (mAbs)	 leading	 to	 reduced	 phagocytosis	 of	 apoptotic	 cells	 [6,	 7].	 It	 was	 shown	 that	53	
treating	 porcine	 sialoadhesin	 (Sn;	 Siglec-1,	 CD169),	 a	 macrophage-specific	 receptor,	 with	 anti-Sn	54	
mAbs	also	reduced	phagocytosis	of	fluorescent	beads	in	porcine	primary	macrophages	[8].	55	

Sn	 is	 expressed	 on	 a	 subset	 of	 tissue	 resident	macrophages	 in	 steady	 state	 conditions,	 but	 during	56	
inflammation	Sn	is	upregulated	on	macrophages,	monocytes	and	possibly	also	on	dendritic	cells	[9].	57	
For	 instance,	 during	 arthritis,	 the	 expression	of	 Sn	was	 shown	 to	 increase	with	 the	 severity	 of	 the	58	
disease	[10].	Sn	is	part	of	the	Siglec	family	(sialic	acid-binding	Ig-like	lectin).	Other	Siglecs,	CD22	and	59	
CD33,	 are	 able	 to	 internalize	 after	 mAb	 binding,	 moreover,	 antibodies	 are	 being	 used	 for	 the	60	
development	 of	 immunotoxins	 for	 anti-cancer	 immunotherapy	 [11,	 12].	 Studies	 with	 the	 porcine	61	
Arterivirus	and	HIV-1,	show	that	Sn	can	mediate	uptake	of	virus	into	early	endosomes	and	in	the	case	62	
of	 HIV-1	 can	 also	mediate	 trans-infection	 [13-18].	 Further	 research	 then	 showed	 that	 in	 different	63	
species,	anti-Sn	mAbs	are	able	to	induce	internalization	of	Sn	[18-21].	Interestingly,	unlike	most	other	64	
Siglecs,	no	known	signalization	motif	has	yet	been	identified	for	Sn,	even	more,	the	short	cytoplasmic	65	
tail	 of	 Sn	 is	 not	 conserved	 between	 species	 [22].	 However	 recently,	 the	 interaction	 of	 mouse	 Sn	66	
(mSn)	 has	 been	 observed	 with	 DNAX-activating	 protein	 of	 12	 kDa	 (DAP12),	 suggesting	 Sn	 could	67	
contain	 a	 still	 unknown	 signalization	motif	 [23].	 Sn,	described	as	 a	non-phagocytic	 receptor,	 is	 like	68	
other	Siglecs	able	to	bind	with	sialic	acids,	which	are	terminal	nine-carbon	sugar	molecules	found	on	69	
vertebrates	and	pathogens	[24,	25].	 It	was	shown	that	pathogens	containing	sialic	acids	are	able	to	70	
bind	 with	 Sn,	 as	 observed	 for	 Campylobacter	 jejuni	 and	 Neisseria	 meningitidis.	 Moreover,	 these	71	
bacteria	were	more	easily	phagocytosed	after	binding	with	Sn	in	a	sialic	acid-dependent	manner	[26,	72	
27].	Group	B	Streptococcus	could	also	bind	to	Sn	in	a	sialic	acid-dependent	manner,	moreover,	it	was	73	

																																																													
1	Abbreviations:	BHI,	Brain	Heart	Infusion;	DAP12,	DNAX-activating	protein	of	12	kDa;	DAPI,	4',6-diamidino-2-
phenylindole;IFN-α,	interferon-α;	mAb,	monoclonal	antibody;	MDMs,	monocyte-derived	macrophages;	Siglec,	
sialic	acid-binding	Ig-like	lectin;	Sn,	Sialoadhesin;	TLR,	Toll-like	receptor	



shown	 that	 in	 primary	 mouse	 macrophages,	 Sn	 contributes	 to	 the	 bactericidal	 activity	 of	74	
macrophages	against	group	B	Streptococcus	[28].		75	

The	interesting	expression	pattern	of	Sn	during	 inflammation,	the	 interaction	of	Sn	with	sialic	acids	76	
and	 the	 capacity	 of	 anti-Sn	mAbs	 to	 induce	 internalization	 of	 Sn,	makes	 Sn	 a	 potential	 target	 for	77	
immunotherapy.	Some	possibilities	for	targeting	Sn	have	already	been	explored	for	porcine	Sn	(pSn).	78	
PSn	was	targeted	with	immunotoxins,	which	resulted	in	killing	of	primary	porcine	macrophages	[16]	79	
or	with	 fusion	 proteins	 containing	 virus	 epitopes,	 which	 resulted	 in	 the	 induction	 of	 virus-specific	80	
antibodies	[29].	MSn	expressed	on	mouse	splenic	macrophages	was	targeted	using	anti-Sn	mAbs	for	81	
antigen	 targeting,	 activating	 both	 cellular	 and	 humoral	 immune	 responses	 [30].	 Not	 only	 anti-Sn	82	
mAbs	were	used,	mSn	and	hSn	have	also	been	 targeted	using	 liposomal	nanoparticles	coated	with	83	
glycan	 ligands	 [20,	 31,	 32].	 Nevertheless,	 using	mAbs	 in	 immunotherapy	 could	 induce	 undesirable	84	
side	effects	on	the	host	cell	[33].	85	

Previous	research	showed	that	targeting	Sn	with	specific	mAbs	also	blocks	phagocytosis,	which	can	86	
be	considered	as	an	unwanted	side	effect	[8].	However,	this	was	only	shown	in	porcine	macrophages,	87	
and	due	to	the	non-conserved	amino	acid	sequence	and	the	lack	of	a	known	signalization	motif	in	the	88	
cytoplasmic	tail	of	Sn	amongst	different	species	[22],	the	outcome	could	be	different	 in	mouse	and	89	
human	 macrophages.	 Moreover,	 for	 porcine	 macrophages	 the	 effect	 on	 phagocytosis	 was	 only	90	
investigated	 with	 polystyrene	 beads	 and	 not	 with	 more	 relevant	 assays	 such	 as	 Fc-mediated	91	
phagocytosis	or	phagocytosis	of	bacteria.	Therefore,	in	this	study,	the	effect	of	stimulation	with	anti-92	
hSn	mAbs	and	anti-mSn	mAbs	on	different	types	of	phagocytosis	was	analyzed	on	human	and	mouse	93	
macrophages.	Our	 results	 show	 that	 the	 effect	 of	 anti-Sn	mAbs	 on	 phagocytosis	 drastically	 differs	94	
between	 the	 types	 of	 phagocytosis.	 While	 a	 substantial	 reduction	 is	 seen	 in	 the	 phagocytosis	 of	95	
fluorescent	 beads,	 the	 Fc-mediated	 phagocytosis	 and	 phagocytosis	 of	 bacteria	 are	 unaffected	 and	96	
sometimes	even	slightly	increased.	97	

2 Material	and	methods	98	
All	products	were	purchased	from	Thermo	Scientific,	unless	otherwise	stated.	99	

2.1 Ethical	statement	100	
The	Ethical	Committee	 for	Animals	of	 the	University	of	Antwerp	authorized	experiments	 regarding	101	
BALB/c	mice;	permit	number	2014-17.	The	Ethical	Committee	of	the	Antwerp	University	Hospital	and	102	
the	University	of	Antwerp	authorized	the	use	of	human	monocytes;	permit	number	16108.	103	

2.2 Primary	macrophages	104	
Human	monocytes	were	obtained	from	buffy	coats	of	healthy	volunteers	from	the	Belgian	Red	Cross-105	
Flanders.	 The	 mononuclear	 cells	 were	 isolated	 from	 the	 buffy	 coats	 using	 Ficoll	 (Sigma-Aldrich).	106	
CD14+	 monocytes	 were	 isolated	 using	 MACS	 separation	 following	 manufacturer’s	 instructions	107	
(Miltenyi	Biotec).	The	monocytes	were	seeded	in	RPMI	with	10%	inactivated	human	serum,	1%	non-108	
essential	amino	acids,	1%	sodium	pyruvate	and	1%	glutamine.	After	two	days	in	culture,	human	IFN-α	109	
was	 added	 to	 the	 cells	 during	 three	 days	 to	 obtain	 hSn-positive	 monocyte-derived	 macrophages	110	
(MDMs).		111	

BALB/c	mice	were	sacrificed	and	their	primary	bone	marrow	cells	were	collected	 in	RPMI	medium.	112	
Red	blood	cells	were	removed	using	an	ammonium-chloride-potassium	lysis	buffer	(VWR	and	Janssen	113	
Chimica).	Macrophages	were	seeded	on	coverslips	in	a	24-well	plate	in	RPMI	with	10%	inactive	fetal	114	



bovine	serum,	1%	non-essential	amino	acids,	1%	sodium	pyruvate,	1%	glutamine	and	with	addition	of	115	
L929	 supernatant.	 L929	 supernatant	 was	 retrieved	 from	 L929	 cells,	 kindly	 provided	 by	 dr.	 C.	116	
Uyttenhove	 (Ludwig	 Institute	 for	 Cancer	 Research,	 Brussels,	 Belgium).	 After	 three	 days	 in	 culture,	117	
mouse	 interferon-alpha	 (IFN-α)	 was	 added	 to	 the	 cells,	 to	 increase	 the	 number	 of	 Sn-positive	118	
macrophages.		119	

2.3 Production	of	antibodies	and	F(ab’)2	fragments	120	
Anti-hSn	mAb	12A4	and	anti-mSn	mAb	SySy94	were	produced	and	purified	as	previously	published	121	
[21].	F(ab’)2	fragments	were	produced	as	previously	described	[34].	Briefly,	PNGase	F	(New	England	122	
Biolabs)	 was	 added	 to	 purified	 mAbs	 to	 allow	 proteolytic	 cleavage	 following	 manufacturer’s	123	
instructions.	 Pepsin	 agarose	 beads	were	 added	 to	 cleave	 the	mAbs	 after	 the	 deglycosylation	 step.	124	
The	 F(ab’)2	 fragments	 were	 purified	 using	 a	 Zeba	 spin	 column	 with	 a	 40	 kDa	 cut	 off.	 Control	125	
antibodies	were	used	 for	hSn	and	mSn	using	 respectively	40-1a	and	normal	 rat	 IgG	 control	 (R&D).	126	
The	 hybridoma	 40-1a	 developed	 by	 Joshua	 Sanes	 was	 obtained	 from	 the	 Developmental	 Studies	127	
Hybridoma	 Bank,	 created	 by	 the	 NICHD	 of	 the	 NIH	 and	 maintained	 at	 The	 University	 of	 Iowa,	128	
Department	of	Biology,	Iowa	City,	IA	52242.	129	

2.4 Phagocytosis	assay	130	
Macrophages	were	treated	with	anti-Sn	mAbs	or	F(ab’)2	 fragments	12A4	or	SySy94	during	different	131	
times,	from	1	to	24	hours.	Control	antibodies	were	added	as	control	for	the	binding	of	the	Fc	domain	132	
of	the	mAbs	with	Fc	receptors.	Antibodies	were	added	at	a	concentration	of	2,5	µg/ml.	Carboxylate-133	
modified	 polystyrene	 yellow-green	 fluorescent	 beads	 (Sigma-Aldrich)	 were	 added	 to	 the	134	
macrophages	and	cells	were	kept	at	37°C	to	induce	phagocytosis	during	1	or	6	hours.	As	a	negative	135	
control	 for	 the	 phagocytosis,	 macrophages	 were	 kept	 at	 4°C	 during	 the	 experiment.	 Finally,	136	
macrophages	 were	 washed	 to	 remove	 unphagocytosed	 beads,	 fixed	 with	 4%	 paraformaldehyde	137	
(Merck)	 and	 permeabilized	 using	 0,5%	 Triton	 X-100	 (Sigma-Aldrich).	 Macrophages	 were	 further	138	
stained	with	Texas	Red®-X	phalloidin	to	stain	F-actin,	located	just	beneath	the	plasma	membrane	and	139	
cell	 nuclei	 were	 visualized	 with	 4',6-diamidino-2-phenylindole	(DAPI)	 (Sigma-Aldrich).	 Each	140	
experiment	 was	 repeated	 independently	 three	 times,	 phagocytosed	 particles	 of	 50	 different	141	
macrophages	were	count.	142	

2.5 IgG-coated	fluorescent	beads	143	
Human	and	mouse	IgG	(Sigma-Aldrich)	were	dissolved	in	50	mM	MES	buffer	(Sigma-Aldrich)	to	a	final	144	
concentration	 of	 2	mg/ml.	 Carboxylate-modified	 polystyrene	 yellow-green	 fluorescent	 beads	were	145	
added	 to	 the	 suspension	 and	 were	 incubated	 for	 15	 min	 at	 room	 temperature.	 1-Ethyl-3-(3-146	
Dimethylaminopropyl)carbodiimide	 (Sigma-Aldrich)	was	 added	 to	 the	 solution	before	 adjusting	 the	147	
pH	 to	 6,5.	 Glycine	 (VWR)	was	 added	 to	 a	 final	 concentration	 of	 100	mM	 and	 the	 suspension	was	148	
incubated	 for	 30	min	 at	 room	 temperature.	 Beads	 were	 centrifuged	 and	 washed	 with	 phosphate	149	
buffered	saline.	150	

2.6 Bacteria	151	
Gram-negative	Escherichia	coli	 (ATCC	8739)	and	Gram-positive	Staphylococcus	aureus	(ATCC	25923)	152	
were	 grown	 in	 LB	 broth	 overnight	 at	 37°C.	 Both	 bacteria	 are	 encapsulated.	 Gram-positive	 and	153	
encapsulated	Streptococcus	pneumoniae	(ATCC	6301),	was	grown	in	Brain	Heart	Infusion	(BHI)	broth	154	
during	 6	 hours	 at	 37°C.	 Bacteria	 were	 heat-inactivated	 for	 30	 min	 at	 65°C	 before	 being	 used	 in	155	
phagocytosis	assays.		156	



2.7 Microscopy	157	
Images	were	acquired	using	an	Axio	Observer	inverted	microscope	and	a	Compact	Light	Source	HXP	158	
120C	with	Filter	set	49,	20	and	10	for	blue,	red	and	green	fluorophores	respectively	(Zeiss).	 Images	159	
were	analyzed	and	background	was	reduced	using	the	ImageJ	software.		160	

3 Results	161	

3.1 Effect	 of	 anti-sialoadhesin	 mAbs	 on	 the	 phagocytosis	 capacity	 of	 sialoadhesin-162	
positive	macrophages	using	carboxylate-modified	beads	163	

Previous	 research	 showed	 that	 phagocytosis	 of	 porcine	 macrophages	 was	 downregulated	 after	164	
treatment	with	anti-pSn	mAbs	[8].	Due	to	the	lack	of	known	signaling	sequences	in	the	cytoplasmic	165	
tail	 of	 Sn	 of	 different	 species	 and	 because	 the	 cytoplasmic	 tail	 of	 Sn	 of	 different	 species	 is	 not	166	
conserved	 [22],	we	 investigated	 the	effect	of	 anti-Sn	mAbs	on	phagocytic	processes	 in	human	and	167	
mouse	macrophages.		168	

Primary	 Sn-positive	 human	 and	 mouse	 macrophages	 were	 treated	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	169	
fragments.	In	order	to	exclude	effects	of	the	Fc	domain	of	the	antibody,	control	mAbs	were	included	170	
as	 controls.	 Macrophages	 without	 antibodies	 were	 used	 as	 reference	 for	 phagocytosis	 in	 normal	171	
conditions.	Previous	research	for	pSn,	showed	that	at	a	concentration	of	2,5	µg/ml,	a	clear	effect	was	172	
observed	 on	 the	 phagocytosis	 of	 beads	 [8].	 Therefore,	 this	 concentration	 was	 also	 used	 in	 these	173	
experiments.	 Antibodies	 were	 added	 24	 hours	 prior	 to	 performing	 the	 phagocytosis	 assay.	174	
Microscopic	images	showed	a	difference	in	phagocytic	uptake	of	beads	(Figure	1).	When	no	mAbs	or	175	
control	mAbs	were	 added	 to	 the	macrophages,	macrophages	 showed	 a	 clear	 phagocytosis	 of	 the	176	
beads.	When	anti-Sn	mAbs	or	 F(ab’)2	 fragments	were	 added	 to	 the	macrophages	during	24	hours,	177	
hardly	 any	 phagocytosis	 was	 observed,	 both	 in	 human	 and	 mouse	 primary	 macrophages.	178	
Quantification	 of	 the	 number	 of	 phagocytosed	 beads	 was	 performed	 to	 analyze	 the	 effect	 of	 the	179	
stimulation	of	anti-Sn	mAbs	or	F(ab’)2	 fragments	on	primary	human	and	mouse	macrophages.	As	a	180	
negative	 control,	 macrophages	 were	 kept	 at	 4°C	 instead	 of	 37°C.	 The	 control	 showed	 indeed	 no	181	
uptake	 of	 beads	 (Figure	 2).	 When	 the	 macrophages	 were	 placed	 at	 37°C	 and	 phagocytosis	 was	182	
allowed,	 a	 high	 amount	 of	 intracellular	 beads	was	 seen	 in	 human	 (mean	 of	 5	 beads	 per	 cell)	 and	183	
mouse	 (mean	of	18	beads	per	cell)	macrophages,	both	when	no	antibodies	were	added	and	when	184	
control	antibodies	were	added.	When	anti-Sn	mAbs	or	F(ab’)2	fragments	were	added	to	human	and	185	
mouse	 primary	 macrophages,	 a	 reduction	 was	 observed	 in	 the	 amount	 of	 phagocytosed	 beads	186	
(Figure	2).		187	

	188	



	189	

Figure	1:	Microscopic	overview	of	phagocytosis	of	human	and	mouse	primary	macrophages	after	stimulation	with	anti-Sn	190	
mAbs	or	F(ab’)2	fragments.	Human	and	mouse	primary	Sn-positive	macrophages	were	treated	with	no	mAbs,	control	mAbs,	191	
anti-Sn	mAbs	or	F(ab’)2	fragments	during	24	hours.	After	inducing	phagocytosis	by	adding	yellow-green	fluorescent	beads	192	
for	1	hour,	macrophages	were	fixed	and	permeabilized.	Texas	Red®-X	phalloidin	(red)	was	added	to	stain	F-actin.	Cell	nuclei	193	
were	stained	with	DAPI	(blue).	Scale	bar	indicates	10	µm.	194	

	195	



	196	

Figure	 2:	 Phagocytosis	 assay	 of	 Sn-positive	 macrophages	 after	 24	 hours	 stimulation	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	197	
fragments.	Anti-Sn	mAbs	or	F(ab’)2	fragments	were	added	to	human	MDMs	and	mouse	bone	marrow-derived	macrophages	198	
during	24	hours.	No	mAbs	or	control	mAbs	were	used	as	reference	or	control	respectively.	Fluorescent	beads	were	added	199	
to	macrophages	and	were	placed	at	37°C	to	allow	phagocytosis,	as	a	control,	macrophages	were	kept	at	4°C.	After	1	hour,	200	
macrophages	were	fixed	and	permeabilized.	For	each	condition,	the	number	of	phagocytosed	beads	 in	fifty	macrophages	201	
was	counted.	Data	represent	mean	and	standard	deviation	of	three	independent	repeats.	202	

3.2 Time-dependent	effect	of	sialoadhesin	stimulation	on	phagocytosis	using	beads	203	
Our	 results	 illustrate	 that	 a	 24	 hour	 stimulation	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	 fragments	 strongly	204	
reduced	 phagocytosis.	 To	 analyze	 if	 this	 effect	 would	 also	 occur	 upon	 shorter	 incubation	 times,	205	
macrophages	were	 triggered	with	 anti-Sn	mAbs	 or	 F(ab’)2	 fragments	 for	 a	 shorter	 period,	 ranging	206	
from	1	to	10	hours.	Again,	a	high	amount	of	phagocytosed	beads	was	seen	in	untreated	macrophages	207	
as	well	as	in	macrophages	that	were	treated	with	control	antibodies	(Figure	3).	When	anti-Sn	mAbs	208	
or	 F(ab’)2	 fragments	were	 added	 to	 the	macrophages,	 a	 decrease	 in	 the	 amount	 of	 phagocytosed	209	
beads	was	observed	for	all	incubation	times	tested	(Figure	3).	210	

	211	

Figure	 3:	 Effect	 of	 phagocytosis	 of	 different	 stimulation	 durations	with	 anti-Sn	mAbs	 or	 F(ab’)2	 fragments	 on	 primary	212	
macrophages.	Primary	human	and	mouse	Sn-positive	macrophages	were	treated	with	antibodies	for	different	times	prior	213	
to	the	addition	of	 fluorescent	beads	during	1	hour	at	37°C.	Macrophages	were	fixed,	permeabilized	and	further	analyzed	214	
using	 fluorescence	microscopy.	For	each	condition,	 fifty	macrophages	were	analyzed	 for	amount	of	phagocytosed	beads.	215	
Data	represent	mean	and	standard	deviation	of	three	independent	repeats.	216	



3.3 Effect	on	phagocytosis	after	pulse	stimulation	of	Sn		217	
To	analyze	how	long	the	effect	of	Sn	antibody	stimulation	on	phagocytosis	lasts,	the	effect	of	a	pulse	218	
stimulation	 of	 1	 hour	 was	 analyzed.	 Anti-Sn	 mAbs	 and	 F(ab’)2	 fragments	 were	 added	 to	 the	219	
macrophages	during	1	hour.	After	the	pulse	incubation	of	antibodies	on	macrophages,	macrophages	220	
were	washed	and	kept	in	culture	until	the	phagocytosis	assay	24,	48	and	72	hours	later.	Again,	a	clear	221	
reduction	 in	 phagocytosis	 by	macrophages	was	 observed	 at	 all	 times	 tested,	 showing	 that	 even	 a	222	
short,	one	hour	pulse	stimulation	has	a	clear	effect	on	phagocytosis	of	beads	up	to	three	days	later	223	
(Figure	4).		224	

	225	

Figure	4:	Effect	on	phagocytosis	with	a	short	pulse	stimulation	of	Sn.	A	stimulation	of	1	hour	was	performed	on	human	226	
and	mouse	Sn-positive	macrophages.	Macrophages	were	washed	and	after	24,	48	or	72	hours	incubation,	fluorescent	beads	227	
were	 added	 to	 the	macrophages.	Macrophages	 were	 fixed,	 permeabilized,	 and	 further	 analyzed	 using	microscopy.	 The	228	
amount	of	phagocytosed	beads	was	analyzed	for	fifty	macrophages	in	each	condition.	Data	represent	mean	and	standard	229	
deviation	of	three	independent	repeats.	230	

3.4 Effect	of	mAb	stimulation	of	Sn	on	long	duration	phagocytosis	231	
Our	 findings	 show	 that	 stimulation	 of	macrophages	with	 Sn-specific	 antibodies	 almost	 completely	232	
blocks	phagocytosis	of	beads.	However,	only	1	hour	of	phagocytosis	was	allowed	and	macrophages	233	
are	 known	 to	 be	 able	 to	 phagocytose	 for	 longer	 times.	 Therefore,	 we	 allowed	 phagocytosis	 for	 6	234	
hours	 after	 the	macrophages	were	 treated	with	 Sn-specific	 antibodies	 for	 24	 hours.	 These	 results	235	
showed	 still	 a	 reduction,	 but	 not	 an	 almost	 complete	 block	 of	 phagocytosis	 as	 observed	 before	236	
(Figure	5).		237	



	238	

Figure	5:	Effect	of	mAbs	triggering	of	Sn	on	 long	duration	phagocytosis.	Human	and	mouse	primary	macrophages	were	239	
triggered	 with	 antibodies	 for	 24	 hours	 prior	 phagocytosis.	 Fluorescent	 beads	 were	 added	 during	 6	 hours	 to	 the	240	
macrophages.	 Macrophages	 were	 fixed,	 permeabilized	 and	 further	 stained	 with	 Texas-Red®-X	 phalloidin.	 For	 each	241	
condition,	fifty	macrophages	were	analyzed	for	phagocytosed	beads	with	fluorescence	microscopy.	Results	show	mean	and	242	
standard	deviation	of	three	independent	repeats.	243	

3.5 Effect	of	anti-Sn	mAbs	on	Fc-mediated	phagocytosis	244	
Fc-mediated	phagocytosis	is	an	important	functionality	of	macrophages.	Antibodies	produced	by	the	245	
host	 can	 bind	 to	 pathogens	 and	 macrophages	 recognize	 the	 Fc	 domain	 of	 the	 antibody	 with	 Fc	246	
receptors	inducing	Fc-mediated	phagocytosis	[2].	The	effect	of	stimulation	of	macrophages	with	anti-247	
Sn	mAbs	or	F(ab’)2	fragments	was	analyzed	for	Fc-mediated	phagocytosis.	Human	or	mouse	IgG	were	248	
covalently	 bound	 to	 fluorescent	 beads	 and	 added	 to	 the	 macrophages	 to	 induce	 Fc-mediated	249	
phagocytosis	 after	 macrophages	 were	 pre-treated	 during	 24	 hours	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	250	
fragments.	 IgG-coated	 beads	 were	 phagocytosed	 both	 in	 untreated	 macrophages	 and	 in	251	
macrophages	 treated	 with	 control	 mAbs	 (Figure	 6).	 Approximately	 the	 same	 amount	 of	252	
phagocytosed	 IgG-coated	 beads	 was	 observed	 compared	 to	 phagocytosis	 with	 uncoated	 beads	253	
(Figure	 2).	 Surprisingly,	macrophages	 treated	with	 anti-Sn	mAbs	 or	 F(ab’)2	 fragments	 also	 showed	254	
clear	 phagocytosis	 of	 IgG-coated	 beads	 and	 no	 differences	 in	 phagocytosis	 was	 observed	 with	255	
untreated	or	control-mAb	treated	macrophages	(Figure	6).	256	



	257	

Figure	6:	Effect	of	Sn	triggering	on	Fc-mediated	phagocytosis.	Fluorescent	beads	covalently	bound	with	IgG	were	added	to	258	
primary	human	and	mouse	macrophages	treated	for	24	hours	with	anti-Sn	mAbs	or	F(ab’)2	fragments.	Macrophages	were	259	
fixed	after	1	hour	of	phagocytosis	and	permeabilized.	Macrophages	were	further	stained	with	Texas-Red®-X	phalloidin.	For	260	
each	condition,	phagocytosed	beads	of	fifty	macrophages	were	counted.	Data	represents	mean	and	standard	deviation	of	261	
three	independent	repeats.	262	

3.6 Effect	of	adding	Sn	antibodies	to	macrophages	on	the	phagocytosis	of	bacteria	263	
A	well-known	and	crucial	characteristic	of	macrophages	 is	 the	phagocytosis	of	pathogens	 [35].	The	264	
effect	 of	 treating	 primary	 Sn-positive	 macrophages	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	 fragments	 on	265	
phagocytosis	of	bacteria	was	analyzed.	The	phagocytosis	assay	was	performed	using	heat-inactivated	266	
bacteria;	 Gram-negative	 E.	 coli	 and	 Gram-positive	 S.	 pneumoniae	 and	 S.	 aureus,	 where	 S.	267	
pneumoniae	 and	 S.	 aureus	 are	 encapsulated.	 Anti-Sn	 mAbs	 or	 F(ab’)2	 fragments	 were	 added	 to	268	
primary	 human	 or	 mouse	 macrophages	 during	 24	 hours	 as	 stimulation,	 before	 the	 phagocytosis	269	
assay.	Control	mAbs	or	no	antibodies	were	added	as	control	and	reference	respectively.	Stimulation	270	
of	 human	 MDMs	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	 fragments	 did	 not	 result	 in	 major	 differences	 of	271	
phagocytosis	 of	 bacteria	 compared	 to	 the	 reference	 and	 control	 macrophages	 (Figure	 7).	272	
Unexpectedly,	for	primary	mouse	macrophages,	an	increase	in	the	amount	of	phagocytosed	bacteria	273	
was	observed	in	cells	treated	with	anti-Sn	mAbs	or	F(ab’)2	fragments	compared	to	the	controls.	These	274	
results	were	observed	for	all	bacteria	tested	(Figure	7).	275	



	276	

Figure	 7:	 Analysis	 of	 phagocytosis	 of	 bacteria	 in	 primary	 human	 and	mouse	macrophages	 after	 stimulation	 with	 Sn-277	
specific	antibodies.	Anti-Sn	mAbs	or	F(ab’)2	fragments	were	added	to	primary	human	and	mouse	Sn-positive	macrophages	278	
during	24	hours.	Heat-inactivated	bacteria	were	added	to	the	macrophages	and	phagocytosis	was	allowed	during	1	hour.	279	
Macrophages	were	fixed,	permeabilized	and	further	stained	with	Texas-Red®-X	phalloidin.	DAPI	was	used	to	stain	all	cellular	280	
and	 bacterial	 nuclei.	 Fifty	 macrophages	 were	 counted	 for	 amount	 of	 phagocytosed	 bacteria.	 Data	 represent	mean	 and	281	
standard	deviation	of	three	independent	repeats.		282	



3.7 Comparing	 the	 phagocytosis	 of	 different	 cell	 types	 after	 stimulation	 with	 anti-Sn	283	
mAbs	284	

Previous	experiments	showed	that	treatment	with	anti-Sn	mAbs	or	F(ab’)2	fragments	has	an	effect	on	285	
the	phagocytosis	by	macrophages.	Since	macrophages	obtained	from	different	anatomical	sites	can	286	
display	different	functionalities,	the	effect	on	the	phagocytosis	was	compared	in	different	cell	types	287	
of	 the	same	species,	mouse	alveolar	macrophages	and	mouse	bone	marrow-derived	macrophages.	288	
Cells	 were	 stimulated	 during	 24	 hours	 prior	 phagocytosis.	 Treatment	 with	 Sn	 mAbs	 or	 F(ab’)2	289	
fragments	had	no	influence	on	Fc-mediated	phagocytosis	in	both	cell	types	and	the	phagocytosis	of	290	
pathogen	S.	pneumoniae	was	augmented	 in	both	alveolar	and	bone	marrow-derived	macrophages,	291	
as	shown	in	Figure	8.	Interestingly,	the	phagocytosis	of	fluorescent	beads	was	not	similar	for	mouse	292	
alveolar	 and	 bone	 marrow-derived	 macrophages.	 Alveolar	 macrophages	 did	 not	 show	 a	 drastic	293	
reduction	 in	 phagocytosis	 (Figure	 8).	 A	 more	 detailed	 analysis	 of	 phagocytosis	 of	 beads	 (Table	 1)	294	
reveals	 different	 patterns	 of	 phagocytosis.	 Some	macrophages	 show	 an	 almost	 complete	 block	 in	295	
phagocytosis,	while	other	macrophages	show	enhanced	phagocytosis	upon	stimulation	with	ant-Sn	296	
mAbs	or	F(ab’)2	fragments.		297	

	298	

Figure	8:	 Effect	of	 Sn	 stimulation	with	anti-Sn	mAbs	or	 F(ab’)2	 fragments	on	phagocytosis	 in	different	 types	of	mouse	299	
macrophages.	 Fluorescent	 beads,	 IgG-coated	 beads	 or	 S.	 pneumoniae	 were	 added	 to	 mouse	 alveolar	 macrophages	 or	300	
mouse	bone	marrow-derived	macrophages	after	being	treated	during	24	hours	with	antibodies.	Phagocytosis	was	allowed	301	
for	 1	 hour	 at	 37°C.	 For	 each	 condition,	 the	 amount	 of	 phagocytosed	 beads	 in	 fifty	 macrophages	 was	 quantified.	 Data	302	
represent	mean	and	standard	deviation	of	three	independent	repeats.	303	

	304	



Table	 1:	 Phagocytosis	 of	 fluorescent	 beads	 by	mouse	 alveolar	macrophages	 and	 bone	marrow-derived	macrophages.	305	
Fluorescent	beads	were	added	to	alveolar	macrophages	or	bone	marrow-derived	macrophages	after	being	treated	during	306	
24	 hours	 with	 antibodies.	 Phagocytosis	 was	 allowed	 for	 1	 hour.	 The	 mean	 ±	 standard	 deviation	 of	 three	 independent	307	
repeats	 are	 shown:	 the	 amount	 of	 phagocytosed	 beads	 per	 cell	 (first	 row),	 the	 percentage	 of	 cells	 performing	308	
phagocytosis(second	row)	and	the	mean	of	the	number	of	phagocytosed	beads	in	the	cells	performing	phagocytosis	(third	309	
row).	310	

	311	

	312	

4 Discussion		313	
When	microorganisms	are	able	to	breach	the	first	line	of	defense	comprised	of	the	skin	and	mucosal	314	
barriers	 specialized	 phagocytes	 are	 essential	 to	 clear	 invading	 pathogens	 [36].	 These	 phagocytes	315	
prevent	 further	 spread	 of	 the	 microbes	 within	 the	 host	 by	 engulfing	 and	 subsequent	 enzymatic	316	
destruction	 of	 the	 germs.	 Of	 these	 phagocytes,	 macrophages	 play	 a	 crucial	 role,	 not	 only	 in	 the	317	
phagocytosis	 but	 also	 in	 signaling	 for	 the	 recruitment	 and	 activation	 of	 other	 immune	 cells.	318	
Recognition	of	 pathogens	within	 the	 host	 is	mediated	 through	 a	 set	 of	 receptor	molecules	 on	 the	319	
cellular	 surface	of	 the	phagocyte,	which	upon	binding	 can	alter	 the	 cell’s	 behavior	 and	 can	 trigger	320	
phagocytosis	[1,	36,	37].	Besides	the	phagocytosis	of	pathogens,	macrophages	can	also	phagocytose	321	
and	 degrade	 apoptotic	 cells	 by	 recognizing	 them	 through	 surface	 receptors	 [2].	 Phagocytosis	 has	322	
been	described	as	the	uptake	of	particles	larger	than	0,5	µm,	and	was	shown	to	be	actin-dependent	323	
[38].	 In	 some	 cases,	 phagocytosis	 is	 compromised,	 such	 as	 during	 chronic	 obstructive	 pulmonary	324	
disease,	 where	 phagocytosis	 of	 bacteria	 by	 macrophages	 is	 reduced	 [3,	 4].	 In	 contrast,	 during	325	
hemophagocytic	 syndromes,	 an	 uncontrolled	 and	 unwanted	 phagocytosis	 of	 erythrocytes	 and	326	
platelets	 is	 observed	 [5].	 For	 such	 diseases,	 therapeutic	 modulation	 of	 phagocytosis	 could	 be	327	
interesting.	 Modulation	 of	 the	 phagocytosis	 of	 apoptotic	 cells	 has	 previously	 been	 shown	 upon	328	
targeting	cell	surface	receptors	with	mAbs	[6,	7].	Furthermore,	it	was	shown	that	sialoadhesin	(Sn),	a	329	
macrophage-specific	receptor	could	also	be	a	potential	target	for	modulation	of	phagocytosis,	since	330	
triggering	porcine	macrophages	with	an	anti-pSn	mAb,	reduced	phagocytosis	of	beads	[8].	Sn	is	the	331	
prototypic	member	 of	 the	 Siglec	 family	 (sialic-acid	 binding	 IgG-like	 lectin).	 Unlike	 other	 Siglecs,	 Sn	332	
does	 not	 contain	 any	 known	 signalization	motif	 and	 furthermore	 the	 amino	 acid	 sequence	 of	 the	333	
short	 cytoplasmic	 tail	 is	 not	 conserved	 between	 species	 [22].	 Despite	 this	 lack	 of	 conservation	334	
between	species,	our	results	showed	that	the	phagocytosis	of	carboxylate-modified	beads	is	reduced	335	
when	 hSn	 and	 mSn	 are	 triggered	 with	 antibodies,	 similar	 to	 what	 was	 previously	 observed	 with	336	
porcine	macrophages	[8].		337	



It	 has	 been	 suggested	 that	 Sn	 could	 be	 used	 as	 target	 for	 immunotherapy.	 Indeed,	 during	338	
inflammation	 and	 infection,	 an	 upregulation	 of	 Sn	 is	 observed	 on	 macrophages,	 monocytes	 and	339	
potentially	dendritic	cells.	This	was	observed	for	rheumatoid	arthritis	on	both	resident	and	infiltrating	340	
macrophages	in	synovial	tissue	and	upon	HIV-1	infection	on	blood	monocytes	[39,	40].	During	cancer,	341	
an	 increased	 number	 of	 Sn-positive	 macrophages	 was	 observed	 in	 liver	 and	 spleen	 [9,	 41].	342	
Therapeutic	 antibodies	 can	 be	 used	 to	 modulate	 cell	 functioning	 or	 to	 eliminate	 cells	 using	343	
immunotoxins	 [42].	 In	 both	 cases,	 potential	 unwanted	 side	 effects	 of	 the	 mAb	 binding	 must	 be	344	
identified	before	 it	can	be	used	in	 immunotherapy.	For	Sn,	a	receptor	for	which	the	function	is	not	345	
known	and	which	does	not	contain	any	known	signalization	motifs	[22],	it	is	difficult	to	predict	what	346	
the	side	effects	might	be	of	mAb	binding.	Our	results	confirm	previous	results	obtained	with	porcine	347	
macrophages	and	show	that	the	effect	of	mAb	binding	to	Sn	on	phagocytosis	has	already	an	effect	348	
after	1	hour	of	stimulation.	Moreover,	this	effect	lasted	for	a	long	time,	since	a	pulse	stimulation	for	349	
1	hour	still	reduced	phagocytosis	72	hours	later.	Interesting,	since	the	effect	of	stimulation	of	Sn	has	350	
a	long-term	effect,	less	stimulation	of	Sn	is	needed	in	potential	targeting	of	Sn	when	modulating	the	351	
phagocytosis	 through	 Sn	 stimulation.	 Therefore,	we	 analyzed	 a	 longer	 duration	 of	 phagocytosis	 of	352	
beads	after	Sn	stimulation.	This	showed	that	the	impact	on	the	amount	of	phagocytosed	beads	was	353	
diminished.	 These	 results	 further	 suggest	 that	 treating	 hSn	 and	mSn	with	 anti-Sn	mAbs	 or	 F(ab’)2	354	
fragments	delays	 the	phagocytic	capacity	of	macrophages,	but	does	not	completely	shut	down	the	355	
phagocytosis	 mechanism	 of	 macrophages.	 Amine-modified	 beads	 were	 also	 used	 to	 induce	356	
phagocytosis	 instead	 of	 carboxylate-modified	 beads	 (data	 not	 shown).	 The	 surface	 charge	 of	 the	357	
beads	 is	 different,	 carboxylate-modified	beads	 are	negatively	 charged	while	 amine-modified	beads	358	
are	more	neutral	[43].	Phagocytosis	with	amine-modified	beads	showed	that	hardly	any	beads	were	359	
phagocytosed	and	Sn	stimulation	had	no	effect	on	this	phagocytosis,	presumably	because	almost	no	360	
phagocytosis	 was	 observed	 in	 non-treated	 controls.	 Clearly,	 the	 charge	 of	 particles	 influences	 the	361	
phagocytosis	capacity	of	macrophages.	Similarly,	 the	surface	charge	of	macrophages	may	 influence	362	
phagocytosis.	In	our	study,	we	used	anti-Sn	mAbs	that	interfere	with	the	binding	of	sialic	acids	to	Sn	363	
[21].	Previous	 studies	have	 shown	 that	Siglecs	on	 cell	 surface	 can	 interact	with	negatively	 charged	364	
sialic	 acids	also	present	on	 the	 same	cell	 surface	 in	cis	 interactions	 [44].	Binding	of	 the	mAb	 to	Sn	365	
could	 interfere	with	 these	 cis	 interactions	which	 results	 in	 an	 increased	 number	 of	 unbound	 sialic	366	
acids	on	the	cell	surface	and	a	possible	increase	in	negative	charge	of	the	cell	surface.	Therefore,	the	367	
zeta-potential,	which	gives	an	indication	of	the	surface	charge	of	particles	[45],	was	measured	for	the	368	
macrophages	 after	 the	 different	 stimulations	 [46,	 47].	 These	 results	 showed	 that	 all	 cells	 were	369	
negatively	charged	and	that	no	major	differences	were	observed	upon	stimulation,	suggesting	that	370	
the	observed	effect	is	not	due	to	changes	in	surface	charge	(data	not	shown).		371	

Macrophages	 can	 phagocytose	 pathogens	 which	 are	 matured	 in	 the	 phagosome	 and	 later	372	
phagolysosome	 where	 the	 pathogen	 gets	 killed	 by	 the	 cell	 [48].	 However,	 macrophages	 are	373	
sometimes	also	targeted	by	several	pathogens	to	evade	the	immune	system,	such	as	Mycobacterium	374	
tuberculosis	 [49].	 The	 pathogen	 phagocytosis	 by	 macrophages	 is	 an	 important	 feature	 for	375	
maintaining	proper	clearance,	therefore,	the	effect	of	Sn	stimulation	on	phagocytosis	of	bacteria	was	376	
analyzed.	Heat-inactivated	Gram-negative	E.	coli	and	Gram-positive	S.	aureus	and	S.	pneumoniae,	all	377	
encapsulated,	 were	 used	 instead	 of	 the	 beads	 for	 analyzing	 the	 effect	 of	 Sn	 stimulation	 on	378	
phagocytosis	 of	 bacteria.	 In	 primary	 human	 macrophages,	 no	 differences	 were	 observed	 after	379	
treating	the	macrophages	with	anti-Sn	mAbs	or	F(ab’)2	fragments.	The	macrophages	were	still	able	to	380	
induce	phagocytosis.	However,	primary	mouse	macrophages	showed	an	increase	in	phagocytosis	of	381	



bacteria	when	treated	with	anti-Sn	mAbs	or	F(ab’)2	fragments.	These	results	are	in	contrast	with	the	382	
effect	of	Sn	stimulation	on	phagocytosis	of	beads.	The	major	difference	between	both	phagocytosis	383	
mechanisms	is	the	ability	of	the	macrophage	to	bind	with	receptors	phagocytosing	bacteria	instead	384	
of	 fluorescent	beads.	For	 instance,	 lipopolysaccharide	on	the	membrane	of	E.	coli	and	 lipopeptides	385	
on	S.	aureus	are	able	to	bind	with	surface	receptors	on	macrophages,	respectively	Toll-like	receptor	4	386	
(TLR)	 and	 TLR2	 [50,	 51].	 Besides	 using	 different	 macrophage	 receptors	 for	 phagocytosis,	 the	387	
phagocytosis	 was	 increased	 for	 all	 different	 bacteria	 when	 mSn	 was	 treated.	 It	 could	 be	 that	 in	388	
mouse	macrophages	and	not	human	macrophages,	the	stimulation	of	Sn	results	in	an	upregulation	of	389	
receptors	 recognizing	bacteria,	 resulting	 in	a	better	phagocytosis.	 Interestingly,	 Sn	as	well	as	other	390	
members	 of	 the	 Siglec	 family,	 is	 able	 to	 recognize	 sialic	 acids,	 found	 on	 terminal	 glycans	 in	391	
vertebrates	or	pathogens	 [24].	 Some	bacteria	misuse	 this	 feature	and	bind	with	Sn	 in	a	 sialic	acid-392	
dependent	manner.	This	was	shown	for	Campylobacter	jejuni	and	Neisseria	meningitides,	where	the	393	
presence	 of	 Sn	 increased	 phagocytosis	 by	 macrophages	 [26,	 27,	 52].	 However,	 this	 effect	 is	 not	394	
because	Sn	acts	as	a	phagocytic	receptor	but	rather	because	it	enhances	binding	to	macrophages	and	395	
facilitates	 interaction	with	other	 receptors	 that	 are	 involved	 in	 the	phagocytosis	of	 the	bacteria.	 It	396	
was	 shown	 that	 for	 bacteria	 containing	 sialic	 acids	 and	 interacting	with	 Sn,	 the	 interaction	 can	be	397	
blocked	or	diminished	by	adding	anti-Sn	mAbs	[27,	53].	The	antibodies	used	in	our	experiments	also	398	
block	 sialic	acid	binding.	However,	 this	had	no	effect	on	 the	phagocytosis	of	 the	bacteria	 tested	 in	399	
human	macrophages	and	phagocytosis	was	even	augmented	in	mouse	macrophages.		400	

Several	receptors	on	phagocytes	recognize	opsonins,	which	are	host	proteins	such	as	IgG	antibodies.	401	
The	host	antibodies	can	recognize	the	pathogen	or	apoptotic	cell	with	their	F(ab’)2	fragments	and	the	402	
Fc	domain	remains	available	 for	binding	with	Fc	 receptors	on	macrophages	 leading	 to	Fc-mediated	403	
phagocytosis	 [54].	 The	 effect	 of	 Sn	 stimulation	 on	 Fc-mediated	 phagocytosis	 was	 analyzed.	 These	404	
results	 showed	 no	 differences	 in	 phagocytosis	 after	 anti-Sn	 mAb	 or	 F(ab’)2	 fragment	 stimulation	405	
compared	 to	 untreated	 macrophages	 or	 macrophages	 treated	 with	 control	 antibodies.	 Similar	 to	406	
pathogen	 phagocytosis,	 where	 receptors	 are	 being	 triggered,	 Fc-mediated	 phagocytosis	 was	 not	407	
affected	after	Sn	stimulation.	This	may	indicate	that	stimulation	of	Sn	with	antibodies	does	not	affect	408	
receptor-mediated	phagocytosis.		409	

The	 effect	 of	 Sn-specific	mAbs	 on	 phagocytosis	was	 compared	 between	mouse	 alveolar	 and	 bone	410	
marrow-derived	 macrophages,	 since	 macrophages	 obtained	 from	 different	 anatomical	 sites	 may	411	
display	different	 functionalities.	No	differences	between	different	macrophages	were	observed	 for	412	
Fc-mediated	 phagocytosis	 and	 phagocytosis	 of	 the	 pathogen	 S.	 pneumoniae.	 However,	 a	 drastic	413	
difference	was	observed	between	the	two	types	of	macrophages	for	the	phagocytosis	of	fluorescent	414	
beads.	 An	 almost	 complete	 block	 in	 the	mean	 number	 of	 phagocytosed	 beads	 was	 seen	 in	 bone	415	
marrow-derived	 macrophages	 while	 there	 was	 no	 effect	 in	 alveolar	 macrophages.	 The	 cellular	416	
background	could	explain	the	differences	between	the	alveolar	macrophages	and	the	bone	marrow-417	
derived	macrophages.	Alveolar	macrophages	are	important	cells	for	a	first	defense	and	are	therefore	418	
considered	 to	be	more	 actively	 phagocytosing	 cells.	 Interestingly,	 in	 porcine	 alveolar	macrophages	419	
phagocytosis	 of	 beads	 is	 drastically	 reduced	 upon	 treatment	 with	 Sn-specific	 mAbs,	 which	 is	 in	420	
contrast	with	the	results	observed	in	our	experiments	[8].	Intriguingly,	although	mean	values	of	the	421	
number	of	phagocytosed	beads	were	identical	between	controls	and	anti-Sn	mAbs	treated	cells,	we	422	
could	 identify	 two	 different	 patterns	 of	 phagocytosis	 in	 mouse	 alveolar	 macrophages.	 Some	423	
macrophages	 showed	 almost	 no	 phagocytosis,	 while	 others	 had	 enhanced	 phagocytosis	 upon	424	
stimulation	 with	 anti-Sn	 mAbs	 or	 F(ab’)2	 fragments.	 This	 seems	 to	 imply	 the	 existence	 of	 two	425	



functionally	different	alveolar	macrophage	populations.	Indeed,	previously	it	was	shown	that	alveolar	426	
macrophages	can	be	divided	into	two	functional	subtypes	[55,	56],	which	could	explain	our	results.	427	

To	confirm	that	the	effects	we	observed	are	directly	related	to	mAbs	binding	to	Sn,	we	also	analyzed	428	
phagocytosis	 in	macrophages	 from	 Sn-deficient	mice	 compared	 to	wild	 type	mice	 (supplementary	429	
data	Figure	S1).	The	effects	on	phagocytosis	were	observed	only	in	wild	type	and	not	in	macrophages	430	
from	Sn-deficient	mice,	confirming	that	the	effect	we	observe	is	directly	related	to	Sn.		431	

Sn	 has	 the	 potential	 to	 be	 used	 as	 immunotherapeutic	 target	 in	 certain	 diseases	 where	 Sn	 is	432	
upregulated,	by	modulating	macrophage	functionality	or	eliminating	these	cells	using	immunotoxins.	433	
Our	 findings	 show	 that	 there	 are	 no	 serious	 side	 effects	 that	 could	 interfere	 with	 the	 use	 of	 Sn-434	
specific	mAbs	as	immunotherapy.	Indeed,	phagocytosis	of	pathogens	and	Fc-mediated	phagocytosis	435	
is	still	functional.		436	

Our	 results	 show	 that	 stimulation	 of	 Sn	 with	 anti-Sn	 mAbs	 can	 modulate	 phagocytosis.	 An	437	
augmented	phagocytosis	is	observed	in	hemophagocytic	syndromes	and	modulating	phagocytic	cells	438	
using	anti-Sn	mAbs	to	counter	this	property	could	reduce	phagocytosis.	However,	our	results	showed	439	
only	 a	 reduced	 phagocytosis	 of	 beads	 after	 Sn	 stimulation,	 while	 phagocytosis	 is	 observed	 for	440	
particles	that	interact	with	phagocytic	receptors.	In	the	case	of	hemophagocytic	syndromes,	there	is	441	
an	elevated	expression	of	the	phagocyte	receptor	CD36	on	leukocytes,	suggesting	the	phagocytosis	is	442	
receptor-dependent	 and	 that	 Sn	 targeting	 will	 have	 no	 effect	 [57].	 In	 contrast,	 targeting	 Sn	 for	443	
modulation	 phagocytosis	 in	 diseases	 with	 reduced	 phagocytosis	 could	 be	 interesting.	 In	 chronic	444	
obstructive	 pulmonary	 disease,	 a	 reduced	 bacterial	 phagocytosis	 was	 observed.	 The	 phagocytosis	445	
might	augment	after	stimulating	Sn	with	anti-Sn	mAbs.	Our	results	showed	that	there	was	no	effect	446	
on	 bacterial	 phagocytosis	 in	 human	 macrophages,	 but	 in	 contrast	 an	 increased	 phagocytosis	 of	447	
bacteria	 in	 mouse	 macrophages.	 Further	 research	 is	 needed	 to	 analyze	 if	 stimulation	 of	 Sn	 can	448	
increase	phagocytosis	in	specific	diseases.	449	
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