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1 	 | 	 INTRODUCTION

Macrophage	 inducible	 C-	type	 lectin	 (Mincle)	 and	 mac-
rophage	 C-	type	 lectin	 (MCL,	 also	 called	 CLEC4D	 or	
CLECSF8)	 are	 receptors	 expressed	 on	 cells	 of	 myeloid	
origin.	They	 belong	 to	 the	 C-	type	 lectin-	like	 domain	 su-
perfamily,	and	their	genes	lie	in	the	gene	complex	APLEC	
(antigen-	presenting	lectin-	like	complex)	on	human	chro-
mosome	12	together	with	dendritic	cell-	associated	C-	type	
lectin-	2	(Dectin-	2),	dendritic	cell	immunoreceptor	(DCIR)	
and	dendritic	cell	lectin	(DLEC,	also	called	BDCA-	2).1

The	first	evidence	that	APLEC	receptors	may	function	
as	 pathogen	 recognition	 receptors	 came	 with	 the	 obser-
vation	 that	 Dectin-	2	 was	 able	 to	 recognize	 a	 wide	 range	
of	 fungi.2,3	 Mouse	 Mincle	 was	 also	 shown	 to	 selectively	
recognize	 some	 fungal	 species,	 in	particular	 Malassezia4	
and	Fonsecaea5,6	 species.	 In	addition,	mouse	Mincle	has	
been	shown	to	recognize	mycobacteria	of	the	M tubercu-
losis	complex,	by	binding	to	mycobacterial	cord	factor,	tre-
halose	6,6'-	dimycolate	(TDM).7,8	Mice	deficient	for	Mincle	
have	been	shown	to	be	more	susceptible	to	infection	with	
M bovis,9	suggesting	that	Mincle	has	an	important	in	vivo	
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Abstract
MCL,	 Mincle	 and	 Dectin-	2	 are	 C-	type	 lectin	 receptors	 expressed	 by	 subsets	 of	
myeloid	cells,	and	their	genes	cluster	together	in	the	APLEC/Dectin-	2	gene	com-
plex.	We	have	previously	shown	that	MCL	and	Mincle	form	a	heterodimer	in	the	
rat,	and	others	have	shown	that	MCL	and	Dectin-	2	 form	a	heterodimer	 in	 the	
mouse.	In	the	rat,	Dectin-	2	is	a	pseudogene,	but	here,	we	examine	the	association	
of	 the	 three	receptors	 in	human.	In	co-	transfection	experiments	analyzed	with	
flow	cytometry	and	immunoprecipitation,	we	here	show	that	human	MCL	and	
Mincle	form	a	disulphide-	linked	heterodimer	that	associates	with	the	signalling	
adaptor	 molecule	 FcεRIγ,	 in	 accordance	 with	 our	 previous	 findings	 in	 the	 rat.	
In	contrast	to	previous	findings	in	the	rat,	data	in	this	paper	indicate	a	direct	as-
sociation	of	MCL	with	FcεRIγ,	as	previously	shown	for	mouse	MCL.	We	were	
unable	to	demonstrate	the	formation	of	a	heterodimer	between	human	MCL	and	
Dectin-	2.	 Thus,	 despite	 similarities,	 there	 may	 be	 important	 differences	 in	 the	
conformation	of	these	receptors	between	rat,	mouse	and	human,	and	this	may	
have	functional	consequences.
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role	 in	 the	 immune	 response	 to	 mycobacteria.	 Mouse	
MCL	 has	 also	 been	 shown	 to	 bind	 to	 TDM,10	 although	
we	were	unable	to	demonstrate	recognition	of	mycobac-
teria	by	rat	MCL.11	Delineation	of	 the	 ligand	recognized	
by	MCL	is	made	more	complex	by	its	reported	association	
with	Mincle12	 and	Dectin-	2.13	 In	 addition	 to	 these	exog-
enous	 ligands,	 mouse	 Mincle	 has	 also	 been	 reported	 to	
recognize	the	endogenous	ligands	spliceosome-	associated	
protein	130	(SAP130)14	and	β-	glucosylceramide15	released	
during	cell	death.

The	majority	of	activating	C-	type	lectin	receptors	(CLRs)	
signal	via	associated	adaptor	proteins.	Mouse	and	rat	Mincle	
have	 been	 shown	 to	 associate	 with	 FcεRIγ.14,16	 Likewise,	
mouse	Dectin-	2	has	been	shown	to	associate	with	FcεRIγ.3	
MCL	carries	no	known	signalling	motifs	in	its	cytoplasmic	
domain,	and	 lacks	 the	charged	 residue	 in	 the	 transmem-
brane	domain	thought	to	be	important	for	association	with	
signalling	adaptor	proteins.	Nevertheless,	mouse	MCL	was	
reported	to	associate	with	FcεRIγ,10	although	others	failed	
to	show	this.17	In	the	rat,	we	showed	that	there	was	no	di-
rect	 association	 between	 MCL	 and	 FcεRIγ,	 but	 we	 could	
show	an	indirect	association	via	Mincle.11	Thus,	there	are	
reported	differences	in	the	biology	of	rat	and	mouse	Mincle	
and	MCL.	Furthermore,	Dectin-	2	is	a	pseudogene	in	all	rat	
strains	 examined,	 thus	 ruling	 out	 the	 existence	 of	 MCL/
Dectin-	2	heterodimers	in	the	rat.

We	 have	 here	 examined	 the	 relationship	 between	
these	three	receptors	in	the	human,	and	demonstrate	dif-
ferences	 in	 the	 formation	of	 complexes	between	human	
MCL	and	Mincle	or	Dectin-	2	compared	to	previously	pub-
lished	rodent	data.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Cells, expression constructs, and 
transfection

293T	 cells	 were	 obtained	 from	 ATCC.	 Cell	 lines	 were	
grown	 in	 cRPMI	 (RPMI	 1640	 supplemented	 with	 5%	
heat-	inactivated	 FBS,	 50  µM	 2-	mercaptoethanol,	 and	 1x	
antibiotic-	antimycotic	(ThermoFisher)).

Full-	length	 open-	reading	 frames	 of	 human	 Mincle	
(NM014358,	 bases	 109-	766),	 DCIR	 (NM016184,	 bases	
263-	974),	 or	 Dectin-	2	 (NM001007033,	 bases	 151-	778)	
were	cloned	in	to	the	EMCV-	SRα	vector	followed	by	a	C-	
terminal	 (extracellular)	FLAG	epitope	 tag.	Human	MCL	
(NM080387,	bases	231-	876)	was	cloned	into	the	same	vec-
tor,	but	with	a	C-	terminal	Myc-	tag.	Human	FcεRI-	γ	was	
cloned	into	the	pDISPLAY	vector	(Thermo	Fisher)	with	a	
IGκ	leader	sequence,	an	N-	terminal	HA	tag	and	full-	length	
FcεRI-	γ	(NM004106,	bases	82-	288).	293T	cells	were	tran-
siently	 transfected	 using	 polyethylenimine	 (PEI)	 ‘Max’	
(m.w.	 40,000,	 Polysciences).18	 Briefly,	 1x105	 293T	 cells	

were	plated	per	well	in	a	24-	well	plate,	and	left	overnight	
to	adhere.	1 μg	of	total	vector	DNA	was	added	to	60 μl	of	
PBS,	and	mixed	with	60 μl	PEI	(43 μg/ml	in	water).	After	
incubation	at	room	temperature	for	30 minutes,	100 μl	of	
this	 mix	 was	 added	 to	 each	 well.	 In	 initial	 experiments	
(shown	in	Figures 1	and	2),	400 ng	of	each	receptor	DNA	
(or	empty	vector)	and	200 ng	of	FcεRI-	γ	DNA	(or	empty	
vector)	were	used.	For	the	titration	experiments,	450 ng	of	
each	receptor	DNA	were	used	together	with	up	to	100 ng	
of	FcεRI-	γ	DNA	and	empty	vector	up	to	a	total	of	1 μg.

2.2	 |	 Antibodies and flow cytometry

Antibodies	 used	 in	 the	 studies	 described	 herein	 were	
anti-	hMincle	 (AT16E3,	 Acris	 Antibodies);	 anti-	hMCL	
(clone	 #413512),	 anti-	hDCIR	 (clone	 #216110)	 and	 anti-	
hDectin-	2	(clone	#545925)	(all	R&D	Systems);	anti-	FLAG	
(M2,	Sigma-	Aldrich);	and	anti-	HA	(16B12,	Covance).

For	 flow	cytometry	studies,	data	were	acquired	using	
a	 FACSCanto	 II	 (BD	 Biosciences)	 and	 analyzed	 using	
FlowJo	software	(Tree	Star).

For	 the	 titration	 experiments	 with	 FcεRIγ	 vector,	 cells	
were	transfected	in	triplicate	for	each	experiment,	and	data	
shown	are	pooled	from	two	independent	experiments,	nor-
malized	to	geometric	mean	fluorescence	intensity	(MFI)	of	
the	 individual	receptors	 transfected	alone	without	FcεRIγ	
vector	 (arbitrarily	 set	 to	100).	Statistical	analysis	was	per-
formed	 using	 GraphPad	 Prism	 software.	 For	 analysis	 of	
receptor	induction	by	FcεRIγ,	statistical	significance	of	vary-
ing	vector	amount	was	determined	using	one-	way	ANOVA,	
with	 Dunnett	 correction	 for	 multiple	 comparisons.	 For	
comparison	of	receptor	expression	between	groups,	statisti-
cal	significance	was	determined	using	multiple	t-	tests	with	
Holm-	Sidak	correction	for	multiple	comparisons.

2.3	 |	 Immunoprecipitation and 
Western blotting

Transfected	293T	cells	were	lysed	in	digitonin	lysis	buffer	
20  mM	 Tris-	HCl,	 pH	 7.8,	 1%	 digitonin	 (Calbiochem),	
0.12%	 Triton	 ×-	100,	 150  mM	 NaCl,	 1  mM	 MgSO4,	 and	
0.01%	sodium	azide)).	Lysates	were	 immunoprecipitated	
with	Protein	G	Dynabeads	(Invitrogen),	separated	by	SDS-	
PAGE,	and	detected	by	ECL	as	detailed	previously.11	For	
immunoprecipitation,	anti-	hMCL	was	used.	For	Western	
blotting,	 a	 biotinylated	 anti-	FLAG	 mAb	 (M2,	 Sigma-	
Aldrich)	 was	 used	 as	 the	 primary	 antibody,	 followed	 by	
streptavidin-	HRP	(Jackson	ImmunoReseach	Laboratories)	
or	 anti-	hMCL	 followed	 by	 a	 HRP-	conjugated	 goat	 anti-	
mouse	 secondary	 antibody	 (Jackson	 ImmunoReseach	
Laboratories).	 Comparison	 of	 specific	 FLAG-	detected	
band	densities	was	performed	using	ImageJ	software.19
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3 	 | 	 RESULTS

3.1	 |	 MCL expression is induced by 
Mincle, but not Dectin- 2

We	 have	 previously	 demonstrated	 that	 rat	 Mincle	 and	
MCL	form	a	disulphide-	linked	heterodimer	that	associ-
ates	 with	 FcεRIγ,11	 and	 this	 was	 later	 confirmed	 to	 be	

also	true	for	the	mouse.20,21	MCL	has	also	been	reported	
to	associate	with	another	receptor	encoded	by	the	same	
receptor	gene	complex,	Dectin-	2.13	We	 therefore	 trans-
fected	 293T	 cells	 with	 combinations	 of	 the	 human	 re-
ceptors	 either	 with	 or	 without	 FcεRIγ,	 to	 see	 if	 there	
were	combinations	that	led	to	increased	surface	expres-
sion,	analyzed	by	 flow	cytometry.	Co-	transfection	with	
Mincle	alone	did	not	lead	to	increased	surface	expression	

F I G U R E  1  Human	MCL	requires	Mincle	and	FcεRIγ	for	full	surface	expression.	Flow	cytometry	analysis	of	expression	of	MCL	on	
the	surface	of	293T	cells	transfected	with	MCL	alone,	or	together	with	Mincle,	Dectin-	2	or	DCIR,	either	with	or	without	FcεRIγ.	Data	are	
displayed	as	histograms	A,	and	summarized	as	geometric	mean	fluorescent	intensity	(MFI)	in	B.	Filled	histograms	show	receptor-	specific	
staining,	and	open	histograms	show	isotype	control	antibody	binding.	Data	from	one	experiment	are	shown,	representative	of	at	least	
three	independent	experiments.	Statistical	significance	was	determined	using	one-	way	ANOVA,	with	Dunnett	correction	for	multiple	
comparisons.*	P = .012
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of	 MCL.	 The	 same	 was	 true	 for	 co-	transfections	 with	
Dectin-	2	 or	 DCIR	 constructs,	 respectively.	 However,	
surface	 expression	 of	 MCL	 could	 be	 induced	 by	 co-	
transfection	 with	 FcεRIγ	 alone,	 and	 was	 further	 aug-
mented	 in	 triple-	transfection	 experiments	 with	 Mincle	
in	addition	to	FcεRIγ	and	MCL	(Figure 1).

In	 contrast,	 Dectin-	2	 transfection	 did	 not	 lead	 to	 in-
creased	MCL	expression	in	either	the	presence	or	the	ab-
sence	 of	 FcεRIγ.	 Control	 co-	transfection	 with	 DCIR	 did	
not	 affect	 MCL	 expression	 in	 either	 the	 presence	 or	 the	
absence	of	FcεRIγ	(Figure 1).

3.2	 |	 Mincle and Dectin- 2 
expression are not induced by MCL

Looking	 at	 surface	 expression	 of	 Mince	 and	 Dectin-	2,	 the	
expression	of	Mincle	was	not	enhanced	by	co-	transfection	
with	MCL	in	either	the	presence	or	the	absence	of	FcεRIγ	
(Figure  2).	 The	 same	 was	 true	 for	 Dectin-	2.	 While	 co-	
transfection	with	FcεRIγ	 led	to	a	slight	increase	in	Mincle	
expression	 on	 the	 cell	 surface,	 it	 surprisingly	 led	 to	 a	 de-
crease	 in	 Dectin-	2	 expression.	 Remarkably,	 it	 also	 led	 to	
a	decrease	in	DCIR	expression	on	the	cell	surface,	despite	
the	 fact	 that	DCIR	 is	not	known	to	associate	with	FcεRIγ	
(Figure 2).	MCL.

Although	 FcεRIγ-	vector	 was	 a	 minor	 component	 of	
the	 transfections	 (200  ng	 of	 a	 total	 1  µg),	 we	 wondered	
whether	 it	 could	 be	 having	 non-	specific	 toxic	 effects	 on	
receptor	expression.	We	therefore	titrated	the	amount	of	
FcεRIγ-	vector	 DNA	 used	 in	 the	 transfections.	When	 the	
amount	 of	 FcεRIγ-	vector	 DNA	 in	 the	 transfection	 ex-
ceeded	 about	 2.5%	 of	 the	 total	 DNA,	 the	 expression	 of	
DCIR	began	to	decrease	(Figure 3D).

The	titration	of	FcεRIγ-	vector	DNA	also	had	profound	
effects	 on	 the	 induction	 of	 receptor	 expression.	 Again,	
the	 receptor	 induction	 was	 optimal	 when	 FcεRIγ-	vector	
DNA	constituted	approximately	1%-	2%	of	the	total	trans-
fected	DNA.	At	this	concentration,	the	induction	of	MCL	
(Figure 3A)	and	Mincle	 (Figure 3B),	as	well	as	Dectin-	2	
(Figure 3C)	by	co-	transfection	with	FcεRIγ	was	apparent,	
confirming	that	all	three	receptors	associate	with	this	sig-
nalling	adaptor	chain.

The	 titration	 also	 revealed	 optimal	 induction	 of	
MCL	 expression	 in	 the	 presence	 of	 Mincle,	 and	 con-
firmed	that	Dectin-	2	did	not	induce	expression	of	MCL	
regardless	 of	 the	 amount	 of	 FcεRIγ-	vector	 DNA	 used	
(Figure 3E).

Despite	 this	optimization,	MCL	could	not	be	demon-
strated	to	significantly	induce	expression	of	either	Mincle	
(Figure 3F)	or	Dectin-	2	(Figure 3G),	although	a	clear	trend	
was	apparent	for	Mincle.

F I G U R E  3  FcεRIγ	has	a	dose-	dependent	effect	on	receptor	expression	on	the	cell	surface.	Effect	of	varying	amounts	of	FcεRIγ	DNA	
on	expression	of	MCL	A,	Mincle	B,	Dectin-	2	C,	or	DCIR	D,	following	transfection	of	293T	cells.	MFI–	geometric	mean	fluorescence	
intensity.	Significant	differences	from	receptor	alone	are	indicated.	E,	Effect	of	varying	amounts	of	FcεRIγ	DNA	on	expression	of	MCL	
transfected	alone	or	together	with	Mincle	or	Dectin-	2.	Significant	increases	over	transfection	with	MCL	together	with	an	identical	amount	
of	FcεRIγ	are	indicated.	F,	Effect	of	varying	amounts	of	FcεRIγ	on	expression	of	Mincle	transfected	alone	or	together	with	MCL.	G,	Effect	
of	varying	amounts	of	FcεRIγ	on	expression	of	Dectin-	2	transfected	alone	or	together	with	MCL.	Cells	were	transfected	in	triplicate	for	
each	experiment,	and	data	shown	are	pooled	from	two	independent	experiments,	normalized	to	MFI	of	the	individual	receptors	transfected	
alone	without	FcεRIγ	(arbitrarily	set	to	100).	Statistical	significance	of	varying	FcεRIγ	vector	amount	A-	D,	was	determined	using	one	
way	ANOVA,	with	Dunnett	correction	for	multiple	comparisons.	For	comparison	of	receptor	expression	between	groups	E-	G,	statistical	
significance	was	determined	using	multiple	t-	tests	with	Holm–	Sidak	correction	for	multiple	comparisons.	*P < .05,	**P < .01,	***P < .001
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3.3	 |	 Mincle can be co- 
immunoprecipitated with MCL

To	confirm	the	association	of	human	Mincle	with	MCL,	
we	 co-	transfected	 293T	 cells	 with	 MCL	 and	 FcεRIγ,	 to-
gether	 with	 FLAG	 tagged	 Mincle,	 Dectin-	2	 or	 DCIR.	
Immunoprecipitation	of	MCL	followed	by	Western	blot-
ting	 with	 anti-	FLAG	 antibody	 showed	 co-	precipitation	
of	 a	 specific	 MCL-	associated	 band	 only	 in	 Mincle	 co-	
transfections.	This	band	migrated	with	a	molecular	weight	
of	 approximately	 28  kDa	 on	 a	 reducing	 gel,	 consistent	
with	Mincle	 in	monomeric	 form	(Figure 4A).	Given	 the	
reported	association	of	Dectin-	2	and	MCL	 in	 the	mouse	
(18),	 the	 failure	 to	 co-	precipitate	 human	 Dectin-	2	 with	
MCL	 was	 surprising.	 Upon	 extensive	 exposure,	 a	 faint	
band	 could	 be	 detected	 in	 the	 Dectin-	2	 lane,	 but	 at	 this	
stage,	a	faint	band	could	also	be	detected	in	the	DCIR	lane	
(Figure 4B).	These	bands	appeared	to	be	 in	relative	pro-
portion	to	the	bands	in	whole	cell	lysate	(Figure 4C),	and	
probably	 represented	 non-	specific	 background	 binding.	
In	 contrast,	 Mincle	 was	 substantially	 enriched	 in	 MCL	
immunoprecipitates,	 confirming	 specific	 association	 be-
tween	 these	 two	 receptors.	 Comparison	 of	 the	 specific	
FLAG-	detected	band	densities	in	the	whole	cell	lysate	and	
following	 immunoprecipitation	 confirmed	 that	 Mincle	
was	substantially	enriched	by	immunoprecipitation	with	
anti-	MCL	 antibody,	 while	 DCIR	 and	 Dectin-	2	 were	 not	
(Figure 4D).

Separation	 of	 the	 immunoprecipitates	 on	 a	 non-	
reducing	 gel	 revealed	 a	 band	 with	 a	 molecular	 weight	
of	 just	 over	 50  kDa,	 consistent	 with	 a	 disulphide-	linked	
Mincle-	MCL	 heterodimer	 (Figure  4E).	 A	 control	 blot	
showed	that	significant	amounts	of	MCL	could	be	detected	
in	each	immunoprecipitate,	although	somewhat	less	MCL	
was	detected	in	Mincle-	transfected	cells	(Figure 4F).

4 	 | 	 DISCUSSION

We	demonstrate	here	that	human	Mincle	and	MCL	form	
a	disulphide-	linked	heterodimer	that	forms	a	heteromeric	
complex	 together	 with	 FcεRIγ,	 as	 we	 have	 previously	
shown	 for	 the	 rat	 receptors.	 In	 contrast	 to	 the	 rat,	 both	
MCL	and	Mincle	appeared	to	associate	with	FcεRIγ,	sug-
gesting	that	the	stoichiometry	of	the	human	receptor	com-
plex	may	differ	from	that	of	the	rat.

Rat	 MCL	 expresses	 readily	 on	 the	 cell	 surface	 after	
transfection,	 and	 the	 expression	 level	 is	 unaffected	 by	
co-	transfection	 with	 Mincle	 or	 FcεRIγ.11	This	 is	 true	 re-
gardless	of	the	amount	of	FcεRIγ	vector	DNA	used	in	the	
transfection.	 In	 contrast,	 mouse	 and	 human	 MCL	 were	
not	expressed	at	significant	levels	on	the	cell	surface	when	
transfected	alone	into	non-	myeloid	cell	 lines.17	Here,	we	

were	 also	 only	 able	 to	 detect	 low	 surface	 expression	 of	
human	 MCL	 when	 MCL	 was	 transfected	 alone,	 but	 ex-
pression	 could	 be	 induced	 8-	fold	 on	 the	 cell	 surface	 by	
co-	transfection	 with	 optimal	 amounts	 of	 FcεRIγ.	 In	 the	
presence	 of	 Mincle,	 the	 optimal	 amount	 of	 FcεRIγ	 lead	
to	a	45-	fold	induction	of	MCL.	Although	Miyake	and	col-
leagues	 were	 able	 to	 demonstrate	 association	 of	 mouse	
MCL	 with	 FcεRIγ,10	 Graham	 and	 colleagues	 were	 un-
able	 to	 show	 this.17	The	 difference	 may	 be	 explained	 by	
differing	amounts	of	FcεRIγ	expressed	in	these	two	stud-
ies,	 as	 with	 higher	 amounts	 of	 FcεRIγ,	 we	 were	 unable	
to	 see	 substantial	 induction	 of	 human	 MCL	 expression.	
This	 requirement	 for	 optimal	 amounts	 of	 FcεRIγ	 may	
have	 broader	 implications,	 because	 in	 separate	 studies,	
we	also	saw	similar	toxic	effects	with	the	adaptor	proteins	
CD3ζ	and	DAP12	in	co-	transfections	with	other	receptors	
(unpublished	results).	The	mechanism	mediating	this	in-
hibition	 of	 receptor	 expression	 by	 higher	 expression	 of	
adaptor	protein	is	unclear,	but	it	appears	to	be	a	general	
effect	on	the	transcription/translation	machinery;	expres-
sion	of	EGFP	(cytosolic)	by	transfection	with	an	EGFP	ex-
pression	vector	was	also	inhibited	by	co-	transfection	with	
higher	amounts	of	FcεRIγ	vector,	ruling	out	endoplasmic	
reticulum/Golgi	 complex-	mediated	 effects	 (unpublished	
results).

Zhu	 and	 colleagues	 found	 that	 MCL	 associates	 with	
Dectin-	2.13	This	article	looked	at	both	human	and	mouse	
Dectin-	2.	It	was	not	always	clear	which	species	was	used	
in	 which	 experiment,	 making	 interpretation	 difficult.	
Yamasaki	 and	 colleagues	 also	 reported	 unpublished	 ob-
servations	of	human	MCL	associating	with	Dectin-	2	in	co-	
precipitation	experiments21;	however,	Dectin-	2	expression	
levels	 were	 not	 different	 in	 wildtype	 and	 MCL-	deficient	
mice,	suggesting	that	MCL	does	not	affect	Dectin-	2	expres-
sion	in	mice.21	Here,	we	were	unable	to	show	a	direct	asso-
ciation	of	human	MCL	with	Dectin-	2.	Dectin-	2,	in	contrast	
to	Mincle,	did	not	induce	expression	of	MCL	on	the	cell	
surface	(Figure 3E).	Neither	could	MCL	induce	Dectin-	2	
expression	 on	 the	 cell	 surface	 (Figure  3G).	 A	 Dectin-	2	
band	 was	 observed	 in	 MCL-	immunoprecipitations	 from	
293T	cells	co-	transfected	with	the	two	receptors,	but	only	
upon	extensive	exposure	of	the	blot,	probably	a	result	of	
background	binding	due	to	the	more	efficient	expression	
of	 Dectin-	2	 in	 these	 cells.	 Dectin-	2	 was	 not	 enriched	 in	
immunoprecipitations	when	compared	to	the	amount	of	
the	receptor	in	whole	cell	lysate.	Indeed,	Dectin-	2	enrich-
ment	 was	 slightly	 lower	 than	 enrichment	 of	 DCIR,	 an	
inhibitory	receptor	that	is	unlikely	to	have	a	functional	as-
sociation	with	MCL.	In	contrast,	Mincle	was	substantially	
enriched	 in	MCL	 immunoprecipitations,	 confirming	 the	
robust	 association	 of	 these	 two	 receptors	 in	 the	 human.	
The	reason	for	the	background	binding	is	not	clear,	as	the	
magnetic	 beads	 used	 for	 the	 immunoprecipitation	 have	
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low	non-	specific	binding,	and	were	extensively	washed.	It	
could	conceivably	be	due	to	co-	precipitation	in	undissoci-
ated	membrane	microdomains,	or	to	non-	specific	associ-
ation	via	exposed	hydrophobic	transmembrane	domains.

Although	we	were	unable	to	demonstrate	a	direct	as-
sociation	of	human	MCL	with	Dectin-	2,	we	cannot	 rule	
out	that	an	additional	component	is	required	for	an	MCL-	
Dectin-	2	receptor	complex	that	was	absent	from	our	sys-
tem,	 but	 is	 present	 in	 macrophages	 –	however,	 our	 data	
does	 not	 support	 a	 direct	 association	 between	 MCL	 and	
Dectin-	2.	Like	MCL	and	Mincle,	our	data	suggest	that	also	
human	Dectin-	2	associates	with	FcεRIγ,	although	induc-
tion	of	Dectin-	2	expression	by	FcεRIγ	was	less	pronounced	
than	 the	 induction	 of	 Mincle	 and	 MCL	 (Figure  3A-	C).	
However,	expression	of	Dectin-	2	was	less	dependent	upon	
association	 with	 FcεRIγ,	 and	 Dectin-	2	 expressed	 effi-
ciently	alone	(Figure 2).

In	 the	 rat	 strains	 studied	 so	 far,	 Dectin-	2	 is	 a	
pseudogene,1	 suggesting	 that	 an	 MCL-	Dectin-	2	 complex	
was	 not	 evolutionarily	 necessary	 for	 the	 rat.	The	 loss	 of	
Dectin-	2	 seems	 strange	 given	 the	 broad	 recognition	 of	
fungi	by	this	receptor,	but	there	may	be	a	degree	of	redun-
dancy	among	fungi-	binding	pattern	recognition	receptors.	
This	 redundancy	 is	 not	 mediated	 by	 Mincle,	 however,	

because	 rat	 Mincle,	 just	 like	 mouse	 and	 human	 Mincle,	
recognizes	 a	 limited	 subset	 of	 fungi,	 notably	 Malassezia	
(unpublished	results).

What	is	the	role	of	MCL	in	the	human	receptor	com-
plex?	In	the	rat,	this	role	seemed	fairly	clear	–		MCL	was	
required	for	significant	Mincle	expression	on	the	cell	sur-
face,	so	we	presumed	that	its	role	was	a	structural	one.11	
Although	human	Mincle	could	be	expressed	at	reasonable	
levels	 on	 the	 cell	 surface	 in	 the	 absence	 of	 MCL,	 MCL	
did	 appear	 to	 enhance	 Mincle	 expression,	 although	 this	
effect	 did	 not	 reach	 statistical	 significance.	 At	 the	 same	
time,	 and	 in	 contrast	 to	 the	 rat,	 human	 Mincle	 consid-
erably	 enhanced	 MCL	 expression.	 It	 has	 recently	 been	
shown	 that	 human	 MCL	 SNPs	 are	 associated	 with	 an	
increased	 susceptibility	 to	 tuberculosis.22	 Although	 one	
explanation	for	this	would	be	a	direct	recognition	of	my-
cobacteria	by	human	MCL,	 this	was	not	shown,	and	we	
have	been	unable	to	show	such	recognition	(unpublished	
results).	Future	studies	will	need	to	address	this	important	
question.

This	work	highlights	differences	between	human	and	
rodent	receptor	complexes	that	have	implications	for	the	
choice	 of	 animal	 models	 for	 mapping	 function	 of	 the	
human	receptors.

F I G U R E  4  Co-	immunoprecipitation	
of	Mincle	with	MCL.	293T	cells	
transfected	with	MCL	and	optimal	
amounts	of	FcεRIγ,	together	with	
FLAG-	Dectin-	2,	FLAG-	DCIR	or	FLAG-	
Mincle	were	lysed,	immunoprecipitated	
with	anti-	MCL	or	isotype	control	
antibody,	and	separated	on	10%	SDS-	
PAGE	gels.	A,	Western	blot	analysis	of	
immunoprecipitates	under	reducing	
conditions	with	anti-	FLAG	antibody.	A	
longer	exposure	time	of	the	same	blot	is	
shown	B.	C,	Whole	cell	lysates	blotted	
with	anti-	FLAG	antibody.	ImageJ	was	
used	to	compare	band	intensities,	and	
the	ratio	of	specific	band	density	in	
immunoprecipitation	versus	whole	cell	
lysate	is	shown	D.	Immunoprecipitates	
were	also	separated	under	non-	reducing	
conditions,	blotted,	and	detected	with	
anti-	FLAG	E	or	anti-	MCL	F,	antibodies
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