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Myeloid antigen-presenting cells (APCs) tailor immune responses to the pathogen 
involved through the production of specific pro- and anti-inflammatory cytokines. It 
is becoming increasingly clear that the ultimate cytokine profile produced by myeloid 
APCs crucially depends on interaction between multiple pathogen recognizing 
receptors. In this respect, we recently identified an important role for cross-talk 
between Fc gamma receptor IIa (FcγRIIa) and Toll-like receptors (TLRs) in human 
dendritic cells (DCs), which induces anti-bacterial immunity through the selective 
induction of TNFα and Th17-promoting cytokines. Here, we show that FcγRIIa-TLR 
cross-talk is not restricted to DCs, but is a common feature of various human myeloid 
APC subsets including monocytes and macrophages. Interestingly, FcγRIIa-TLR cross-
talk in monocytes resulted in the induction of a cytokine profile distinct from that in 
DCs and macrophages, indicating that FcγRIIa stimulation induces cell-type and tissue 
specific responses. Surprisingly, we show that the FCGR2A H131R single nucleotide 
polymorphism (SNP), which is known to greatly affect FcγRIIa-mediated uptake of 
IgG2-opsonized bacteria, did not affect FcγRIIa-dependent cytokine production, 
indicating that these processes are differently regulated. In addition, we demonstrate 
that FcγRIIa selectively synergized with TLRs, IL-1R, and IFNγR, but did not affect 
cytokine production induced by other receptors such as C-type lectin receptor Dectin-1. 
Taken together, these data demonstrate that FcγRIIa-dependent modulation of 
cytokine production is more widespread than previously considered, and indicate that 
cross-talk of FcγRIIa with various receptors and in multiple cell types contributes to the 
induction of pathogen and tissue-specific immunity.

INTRODUCTION
Myeloid antigen-presenting cells (APCs), such as dendritic cells (DCs), monocytes and 
macrophages, orchestrate pathogen specific innate and adaptive immune responses 
via production of specific pro- and anti-inflammatory cytokines1,2. Cytokine production 
is induced upon pathogen recognition via pattern-recognition receptors (PRRs), which 
include families of Toll-like receptors (TLRs)3, C-type lectin receptors4, NOD-like receptors5, 
and RIG-I-like receptors6. It is becoming increasingly clear that the ultimate cytokine 
profile tailored to the specific pathogen and tissue involved is determined not just by one 
receptor, but by cross-talk between multiple receptors7-10.
 With respect to induction of cytokine production, the role of Fc gamma receptors 
(FcγRs), receptors for the Fc part of IgG11, has long been underexposed. While FcγR 
stimulation can result in a variety of anti-microbial responses such as cell degranulation, 
production of reactive oxygen species, and antibody-dependent cellular cytotoxicity, 
FcγRs are poor inducers of cytokine production when activated in the absence of additional 
stimuli12. However, recently we have shown that FcγRIIa (also known as CD32a), a low-
affinity IgG receptor that is restrictively expressed in primates, strongly amplifies cytokine 
production when activated in concert with TLRs, which plays an important role in shaping 
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immune responses against bacteria13. Upon penetration of the body’s barriers, bacteria are 
opsonized by (cross-reactive) IgG14, leading to cross-talk in human DCs between FcγRIIa 
and TLR2, 4, and 5 that recognize bacterial structures. This cross-talk selectively induces 
up-regulation of TNFα and Th17-promoting cytokines IL-1β and IL-23, which combined 
promote protective immunity against bacteria13. However, until now it is unknown whether 
FcγRIIa-TLR cross-talk is restricted to DCs, or if this is a common mechanism shared by 
other APCs of myeloid origin. Furthermore, it is not clear whether this FcγRIIa-dependent 
modulation of cytokine production only occurs in combination with TLRs, or that also other 
immune receptors, such as other PRRs or members of the cytokine receptor family, can 
synergize with FcγRIIa to up-regulate the production of pro-inflammatory cytokines.
 Interestingly, human FcγRIIa function is affected by a single nucleotide 
polymorphism (SNP) in FCGR2A, which results in either a histidine or an arginine at 
position 131 (H131R). Since this amino acid is located in the ligand-binding domain of 
FcγRIIa, FcγRIIa-R131 has a strongly reduced binding affinity to particularly IgG215,16. Since 
IgG2 is the main IgG isotype directed against bacterial antigens17 and FcγRIIa is the main 
receptor for IgG2 in humans15,16, the reduced binding affinity of FcγRIIa-R131 may severely 
affect anti-bacterial responses. Indeed, FCGR2A-R131 homozygous individuals have 
increased susceptibility to and increased severity of infections with Neisseria meningitidis, 
Haemophilus influenzae, or Streptococcus pneumoniae18-21. Previous reports have shown 
that the FCGR2A H131R SNP affects the IgG2-mediated phagocytic function of FcγRIIa22-26. 
However, whether the FCGR2A H131R SNP also affects FcγRIIa-TLR cross-talk-induced 
cytokine production is still unknown.
 In this study, we set out to investigate whether FcγRIIa-dependent modulation 
of cytokine production is restricted to DCs, if it is affected by the FCGR2A H131R SNP, 
and whether it is specific for co-stimulation with particular members of the TLR family. 
We demonstrate that in addition to DCs also other human myeloid APCs, i.e. monocytes 
and macrophages, displayed FcγRIIa-TLR cross-talk, which resulted in cell-type specific 
modulation of cytokine production. Surprisingly, we show that FcγRIIa-dependent 
modulation of cytokine production, in contrast to FcγRIIa-dependent uptake, was 
unimpaired in DCs of FCGR2A-R131 homozygous donors. Furthermore, we show that 
FcγRIIa also amplified cytokine production induced by TLR3 and TLR7/8, IL-1 receptor 
(IL-1R), and interferon gamma receptor (IFNγR), but not by other cytokine receptors or 
PRRs such as C-type lectin Dectin-1. Taken together, these data demonstrate that FcγRIIa 
modulates cytokine production induced by specific receptors in various myeloid APCs, 
resulting in cell-type specific anti-bacterial immune responses.
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RESULTS
FcγR-TLR cross-talk induces cell-type specific cytokine production in DCs, 
monocytes, and macrophages
Simultaneous stimulation of DCs with TLR ligands and c-IgG synergistically promotes 
production of several pro-inflammatory cytokines, of which up-regulation of TNFα is most 
pronounced13. Since other human myeloid APCs, i.e. monocytes and monocyte-derived 
macrophages, are also known to express FcγRs and TLRs1,27,28, we set out to examine if these 
cell types also display FcγR-TLR cross-talk. Similar to DCs, monocytes and macrophages 
produced very little TNFα in response to FcγR stimulation alone, as induced by immobilized, 
plate-bound IgG (referred to as c-IgG). However, upon combined stimulation with c-IgG and 
TLR2 ligand Pam3CSK4, all myeloid APC subsets strongly up-regulated TNFα production 
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Figure 1. FcγR-TLR cross-talk modulates cytokine production by various myeloid APCs. (A and D) Myeloid 

APCs (i.e. DCs, monocytes and macrophages) were stimulated with Pam3CSK4 (Pam3), c-IgG, or the combination 

(in triplicate). After 24h cytokine levels were determined by ELISA, mean+SEM, representative example. (B and 

C) Myeloid APCs were stimulated with Pam3CSK4 (B) or LPS (C), either alone or combined with c-IgG. Each pair 

of dots represents one donor. *P < 0.05, **P < 0.01, ***P < 0.001, Mann Whitney test.
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(Fig 1A). This synergistic up-regulation of TNFα in DCs, monocytes, and macrophages was 
found in multiple donors upon co-stimulation with TLR2 (Fig 1B) as well as TLR4 (Fig 1C). 
 Besides TNFα, FcγR-TLR cross-talk up-regulated production of IL-1β and IL-23 in 
DCs, while IL-6 and IL-10 were only moderately increased (Fig 1D). While FcγR-dependent 
modulation of cytokine production in macrophages was similar to DCs, co-stimulation 
of TLRs with c-IgG on monocytes failed to induce IL-23 and showed strongly decreased 
production of IL-10 (Fig 1D). These data indicate that FcγR-TLR cross-talk is not restricted 
to DCs, but induces cell-type specific cytokine production in various human myeloid APCs.

c-IgG-induced modulation of cytokine production is mediated by FcγRIIa
Since c-IgG can bind to multiple FcγRs, we first assessed which FcγRs are expressed of the 
different myeloid APC subsets using flow cytometry. While the different subsets showed 
a low to intermediate expression of FcγRI and FcγRIII, all cell types highly expressed 
FcγRIIa (Fig 2A). To determine which FcγR is responsible for c-IgG-induced modulation 
of cytokine responses on the different cell types, we blocked different FcγRs with specific 
antibodies during stimulation and assessed cytokine production. Blocking of FcγRI and 

Figure 2. FcγR-TLR cross-talk-induced cytokine production is dependent on FcγRIIa. (A) FcγRI/IIa/III expression 

(10log fluorescence intensity) on unstimulated myeloid APCs (i.e. DCs, monocytes and macrophages) was 

analyzed by flow cytometry, compared to background fluorescence (secondary antibody only; gray). (B) Prior to 

stimulation, myeloid APCs were incubated with blocking antibodies against indicated FcγRs. After 24h cytokine 

levels were determined by ELISA, mean+SEM. Experiments were performed in triplicate. (A and B) Data are 

representative of at least 3 experiments with different donors.
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FcγRIII had very little effect on cytokine production by co-stimulation with c-IgG (Fig 2B). 
In contrast, blocking of FcγRIIa completely inhibited the up-regulation of c-IgG-induced 
TNFα production by DCs and macrophages, while it also blocked the majority of c-IgG-
induced TNFα induction in monocytes (Fig 2B). These data demonstrate that FcγRIIa is the 
main receptor responsible for c-IgG-induced cytokine production in DCs, monocytes, and 
macrophages.

FcγRIIa-TLR cross-talk is only induced by large, insoluble IgG complexes or 
immobilized IgG
FcγRIIa is a low-affinity IgG receptor, indicating that it interacts with IgG complexes, but 
not with monomeric IgG11. Thus far, we have studied cross-talk of FcγRIIa with TLRs using 
either plate-bound IgG or IgG opsonized bacteria13. To assess the order of magnitude of 
IgG complex formation that is required for FcγRIIa-dependent modulation of cytokine 
production, we generated IgG complexes (referred to as HAGGs) of different sizes by 
separating the soluble and insoluble fraction of HAGGs. As expected, large, insoluble IgG 
complexes clearly induced TNFα production by DCs upon TLR2 co-stimulation (Fig 3A). In 
contrast, smaller, soluble IgG complexes, which are known to be sufficient for induction 
of FcγRIIa-mediated uptake22,29, did not induce FcγRIIa-dependent modulation of cytokine 
production (Fig 3A). In addition, monomeric IgG—even in high concentrations of 1 mg/
mL—did not amplify TLR2-induced TNFα production (Fig 3B). These findings suggest 
that FcγRIIa-dependent modulation of cytokine production is not induced by soluble IgG 
complexes, but requires large, insoluble or immobilized IgG complexes.
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Figure 3. FcγRIIa-TLR cross-talk requires large, insoluble IgG complexes. (A) DCs were stimulated with 

Pam3CSK4 combined with 100 μg/mL large, insoluble HAGGs or 100 μg/mL small, soluble HAGGs (A) or 

monomeric IgG at indicated concentrations (B) in ultra-low attachment surface plates. Experiments were 

performed in triplicate. After 24h TNFα levels were determined by ELISA, mean+SEM, representative examples 

out of 5 (A), or 3 (B) experiments with different donors.

FcγRIIa-TLR cross-talk is not affected by the FCGR2A H131R SNP
FcγRIIa-R131 has a strongly reduced binding affinity to IgG215,16, which has been shown to 
result in impaired uptake of IgG2 opsonized particles by phagocytic cells22-26. To determine 
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whether the FCGR2A-R131 allele also affects FcγRIIa-dependent modulation of cytokine 
production, we stimulated DCs from FCGR2A-131RR donors with either c-IgG1 or c-IgG2 
in combination with Pam3CSK4. As shown in Fig 4A, both c-IgG1 and c-IgG2 stimulation 
enhanced TLR-induced TNFα production in FCGR2A-131HH DCs. Interestingly, the 
response of FcγRIIa-131RR DCs to c-IgG1 and c-IgG2 co-stimulation was almost identical to 
the response of FcγRIIa-131HH DCs (Fig 4B).
 Next, we set out to assess potential differences between 131HH and 131RR in 
greater detail. Since IgG1 affinity for FcγRIIa is only mildly affected by the 131R SNP15,16, we 
calculated the ratio of TNFα production in response to c-IgG2 co-stimulation over the TNFα 
response to c-IgG1 co-stimulation for multiple donors. As shown in Fig 4C, no significant 
differences were found between DCs from FCGR2A-131HH and FCGR2A-131RR donors. To 
determine whether FCGR2A-131HH and FCGR2A-131RR donors would show differences in 
FcγRIIa-dependent modulation of cytokine production under sub-optimal conditions, we 
stimulated DCs of these donors using serial-step dilutions of c-IgG2. As shown in Fig 4D, 
reducing c-IgG2 strength indeed clearly reduced TNFα production. However, this effects 
was independent of FCGR2A allelic forms, since no differences were observed between 
131HH and 131RR donors (Fig 4D). Hence, in contrast to FcγRIIa-induced uptake, the 
FCGR2A H131R SNP does not affect FcγRIIa-dependent modulation of cytokine production.

FcγRIIa stimulation specifically amplifies cytokine production by TLR, IL-1R, 
and IFNγR
While we have shown that FcγRIIa cross-talk modulates cytokine responses induced 
by TLR2, 4, and 5, it is still unknown whether FcγRIIa stimulation also affects cytokine 

Figure 4. FcγRIIa-TLR cross-talk is not affected by FCGR2A H/R131 SNP. (A and B) DCs derived from an FCGR2A-

131HH (A) or FCGR2A-131RR (B) donor were stimulated with Pam3CSK4, in combination with c-IgG1 or c-IgG2 (in 

triplicate). After 24h TNFα levels were determined by ELISA, mean+SEM, representative example. (C) Ratio of 

TNFα production induced by c-IgG2-Pam3CSK4 stimulation over TNFα production induced by c-IgG1-Pam3CSK4 

stimulation for FCGR2A-131HH and FCGR2A-131RR donors. Each dot represents one donor. Line represents 

median, NS not significant, Mann Whitney test. (D) DCs derived from a FCGR2A-131HH or FCGR2A-131RR donor 

were stimulated with Pam3CSK4, in combination with decreasing doses of c-IgG2 (in triplicate). After 24h TNFα 

levels were determined by ELISA, mean+SEM, representative example.
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production induced by other receptors. Therefore, we co-stimulated DCs with specific 
ligands for a diverse selection of receptors. Besides aforementioned TLRs, co-stimulation 
with c-IgG also strongly amplified TNFα production induced by TLR3 ligand Poly(I:C) (Fig 
5A) and TLR7/8 ligand CL097 (Fig 5B). Next, we assessed whether FcγRIIa stimulation also 
modulates the response of Dectin-1, a member of the family of C-type lectin receptors 
that plays an important role in the induction of anti-fungal responses4. Notably, c-IgG co-
stimulation did not affect TNFα production induced by Dectin-1 (Fig 5C), indicating that 
FcγRIIa does not synergize with all PRRs in general. 
 In addition to PRRs, DCs can also be activated by various pro-inflammatory 
cytokines via cytokine receptors. Among others, DCs express functional IL-1R, IFNγR, IL-6R, 
IL-12R, and IL-23R (30-34 and data not shown). Strikingly, FcγRIIa stimulation synergistically 
induced TNFα production upon co-stimulation with IL-1β and IFNγ, while co-stimulation 
of FcγRIIa with IL-6, IL-12, and IL-23 did not have any effect (Fig 5D). Taken together, 
these data indicate that FcγRIIa specifically amplifies TLR/IL-1R/IFNγR-induced cytokine 
production in human myeloid APCs.
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Figure 5. FcγRIIa stimulation specifically amplifies TLR/IL-1R/IFNγR-induced TNFα production. DCs were 

stimulated with TLR3 ligand Poly(I:C) (A), TLR7/8 ligand CL097 (B), Dectin-1 ligand Curdlan (C) or various pro-

inflammatory cytokines (D), in combination with c-IgG (in triplicate). After 24h TNFα levels were determined by 

ELISA, mean+SEM, representative examples out of 5 (A), 4 (B), 4 (C) or 3 (D) experiments with different donors.

DISCUSSION
The ultimate immune response induced by myeloid APCs in response to pathogens 
strongly depends on cross-talk between multiple receptors. In this regard, cross-talk 
between FcγRIIa and TLRs has been shown to tailor immune responses to efficiently 
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counteract bacterial infections, via synergistic up-regulation of TNFα and Th17 promoting 
pro-inflammatory cytokines by human DCs13. In this study, we demonstrate that FcγRIIa-
TLR cross-talk-induced inflammation is not restricted to DCs, but also occurs in other 
human myeloid APCs such as monocytes and macrophages. Surprisingly, we found that 
DCs from individuals homozygous for the 131R allelic form of FCGR2A—which strongly 
affects uptake of IgG opsonized bacteria as a result of decreased affinity for IgG2—showed 
completely functional FcγRIIa-TLR cross-talk. Importantly, we identified that FcγRIIa 
stimulation selectively synergized with receptors of the TLR/IL-1R superfamily and IFNγR, 
while it did not modulate cytokine production induced by other receptors such as C-type 
lectin Dectin-1 and various cytokine receptors.
 The finding that simultaneous FcγRIIa and TLR stimulation induces synergistic 
amplification of cytokine production in DCs as well as in monocytes and macrophages 
indicates that FcγRIIa-TLR cross-talk is more widespread than previously considered. 
Although expression levels vary, both FcγRIIa and TLRs are expressed on almost all 
human myeloid cells1,27,28, suggesting that FcγRIIa-TLR cross-talk may be a common 
feature of myeloid cells. Despite their differences in physiological locations, functions, and 
characteristics, the different myeloid APCs that we tested all showed a strong up-regulation 
of pro-inflammatory cytokine TNFα. TNFα is a pleiotropic cytokine which can have effects 
on almost every cell type, ranging from induction of other pro-inflammatory cytokines 
and chemokines, to activation of leukocytes and endothelial cells, and to promotion of 
coagulation35. This underlines that FcγRIIa-TLR cross-talk may be a powerful inflammatory 
stimulus that can affect both local and systemic responses. 
 Interestingly, we observed that FcγRIIa-dependent cytokine modulation was not 
completely uniform between the different myeloid subsets. In DCs and macrophages, 
FcγRIIa-TLR cross-talk enhanced the production of pro-inflammatory cytokines TNFα, IL-
1β, and IL-23, while also anti-inflammatory cytokine IL-10 was moderately increased. In 
contrast, monocytes failed to produce detectable levels of IL-23 and showed a strong down-
regulation of IL-10. The physiological function of this distinct cytokine profile induced by 
FcγRIIa cross-talk in monocytes is still speculative, but it may be related to the injurious 
role of IL-10 during sepsis. Paradoxically, elevated concentrations of the anti-inflammatory 
cytokine IL-10 are associated with increased severity and fatality during sepsis36. Hence, 
FcγRIIa-induced down-regulation of IL-10 production by monocytes, which recognize 
opsonized bacteria as soon as they enter the bloodstream, may be advantageous to the 
host by preventing dangerous adverse inflammatory effects. Overall, these cell-type 
specific, and therefore most likely tissue specific responses, may enable the orchestration 
of inflammatory responses that are tailored to the location and pathogen involved.
 Remarkably, FcγRIIa-TLR cross-talk in monocytes modulated cytokine production 
upon stimulation with c-IgG and TLR ligands, which contrasts with a previous finding 
that FcγR-TLR cross-talk-induced does not modulate cytokine production when using 
IgG-opsonized whole bacteria13. Although the exact cause of the distinct response by 
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monocytes to stimulation with immobilized IgG versus IgG opsonized bacteria remains 
to be determined, multiple underlying processes may explain this difference. First, 
numerous receptors besides FcγRs and TLRs are involved in the recognition of whole 
bacteria. While FcγR-TLR cross-talk is indeed functional in monocytes in the absence of 
other stimuli, many other receptors are activated upon exposure to whole bacteria, which 
can counteract the amplification of cytokine expression by modulating or overruling FcγR-
TLR cross-talk. Second, bacteria may have developed strategies to reduce inflammatory 
responses induced by monocytes, in order to promote their own survival. In this respect 
it is important to realize that the effect of IgG-opsonization of bacteria on monocytes has 
only been tested using S. aureus, and that these immune evasion strategies may be absent 
in other strains.
 FcγRIIa is a low-affinity receptor for IgG, indicating that it only binds to IgG 
complexes—as in the case of opsonization—but not to monomeric IgG11,16. Importantly, 
our data demonstrate a clear distinction in IgG-complex size that is required for FcγRIIa-
induced uptake versus cytokine induction. While small, soluble IgG complexes are known to 
be sufficient for FcγRIIa-induced uptake22,29, these IgG complexes failed to induce FcγRIIa-
dependent modulation of cytokine production. In contrast, FcγRIIa-mediated cytokine 
production was only induced upon stimulation with large, insoluble IgG complexes 
or immobilized IgG. Previously, it has been shown that binding of monomeric versus 
complexed Ig induces distinct signaling pathways downstream of Fc alpha receptor I and 
FcγRIII37,38. Similarly, differences in affinity between small, soluble and large, insoluble IgG 
complexes may induce different signaling cascades, resulting in distinct FcγRIIa-induced 
effector functions. 
 FcγRIIa-mediated uptake critically depends on the FCGR2A SNP at position 131. 
FCGR2A-131R homozygotes display strongly reduced binding and uptake of particles 
opsonized with IgG222-26, which is the major subclass of IgG directed against bacteria in 
humans15. In striking contrast to the clear differences in uptake, in this study we show 
that in FCGR2A-131RR DCs FcγRIIa-dependent modulation of cytokine production is still 
completely functional. Apparently, while the reduced affinity of FcγRIIa-131R for IgG2 
impairs uptake of opsonized particles and bacteria, the binding of large (i.e. insoluble or 
immobilized) IgG2 complexes is still sufficient for induction of cytokine production. In 
addition, these data strengthen the concept that FcγRIIa-induced uptake and cytokine 
production are regulated via distinct mechanisms.
 Importantly, we found that FcγRIIa stimulation did not amplify the response of 
cytokine-inducing receptors in general, but instead specifically synergized with TLRs, IL-
1R, and IFNγR. Besides TLRs expressed on the plasma membrane, such as TLR2 and TLR4, 
FcγRIIa stimulation also amplified cytokine production by TLRs that are expressed in 
endosomal compartments, such as TLR3 and TLR7/8. Notably, these findings demonstrate 
that FcγRIIa signaling modulates both MyD88 and TRIF-dependent TLR activation3. In 
addition to TLRs, FcγRIIa stimulation also synergized with cytokine receptors IL-1R and 
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IFNγR. Synergy between FcγRIIa and IL-1R may not be surprising considered the shared 
mechanistic and functional characteristics of TLRs and IL-1R, which both contain Toll/IL-
1R (TIR) intracellular signaling domain and therefore have been grouped together to form 
the TLR/IL-1R superfamily39. Interestingly, our identification of cross-talk of FcγRIIa with 
IFNγR in human DCs correlates with a recent study using murine macrophages, in which 
concomitant stimulation of FcγRI and IFNγR synergized for the expression of a particular 
set of genes40. Similar to FcγRIIa-TLR cross-talk, FcγRIIa-IFNγR cross-talk may function 
to generate cell-autonomous immune responses to efficiently counteract bacterial 
infections40,41.
 In contrast to TLRs, IL-1R, and IFNγR, Dectin-1-induced cytokine production was 
not affected by FcγRIIa co-stimulation. Dectin-1 is one of the main cytokine-inducing 
C-type lectin receptors on myeloid APCs, which has a crucial function in induction of anti-
fungal immunity4. From a physiological perspective, FcγRIIa-dependent modulation of 
cytokine production may indeed be redundant, since Dectin-1 stimulation already strongly 
promotes TNFα production and Th17 responses independent of FcγRIIa, either alone or in 
concert with TLRs42-44. From a mechanistic point of view, the absence of FcγRIIa cross-talk 
with Dectin-1 may be explained by redundancy between pathways downstream of FcγRIIa 
and Dectin-1, as both receptors induce signaling via spleen tyrosine kinase (Syk)4,11.
 In conclusion, here we have shown that FcγRIIa synergizes with TLRs, IL-1R, and 
IFNγR on human myeloid APCs, independent of FCGR2A H and R allelic forms. These 
data demonstrate that FcγRIIa-dependent modulation of cytokine production is more 
widespread than previously considered, and indicate that cross-talk of FcγRIIa with various 
receptors and in multiple cell types contributes to the induction of pathogen and tissue 
specific immunity.

METHODS
Cells
PBMC were isolated from heparinized peripheral blood from healthy donors by density 
gradient centrifugation on Lymphoprep (Nycomed). For DC or macrophage culture, 
monocytes were isolated using Percoll (Pharmacia) density gradients and subsequent 
monocyte attachment. Cells were cultured for 6 days in IMDM (Gibco) containing 5% 
FBS (Invitrogen) and 86 μg/mL gentamicin (Duchefa) supplemented with 500 U/mL 
recombinant human GM-CSF (Schering-Plough) and 10 U/mL recombinant human IL-4 
(Miltenyi Biotec) for DCs or 500 U/mL recombinant human GM-CSF for macrophages. 
At day 2 or 3, half of the medium was replaced by fresh medium containing cytokines. 
Monocytes were isolated from PBMC by MACS isolation using CD14 microbeads (Miltenyi 
Biotec) for direct stimulation or analysis. FCGR2A-131HH and FCGR2A-131RR donors 
were identified using multiplex ligation-dependent probe amplification (MLPA) assay for 
FCGR2A SNP rs1801274, as described previously45.
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Flow cytometry
FcγRIIa expression was determined by staining cells with anti-FcγRI (CD64; 10.1; BD 
Biosciences), anti-FcγRIIa (CD32a; IV.3; StemCell Technologies), or anti-FcγRIII (CD16; 
3G8; BD Biosciences) followed by PE-conjugated goat anti-mouse antibody (Jackson 
ImmunoResearch), in PBS containing 0.5% BSA (PAA) and 0.1% sodium azide (Merck). 
Cells were analyzed by flow cytometry (Canto II, BD Biosciences).

Stimulation
Cells were stimulated (30,000-50,000 cells per well) with 10 µg/mL Pam3CSK4 (Invivogen), 
100 ng/mL LPS (from Escherichia coli 0111:B4; Sigma-Aldrich), 20 µg/mL Poly(I:C) (Sigma-
Aldrich), 5 µg/mL CL097 (Invivogen), 10 µg/mL Curdlan (from Alcaligenes faecalis; Sigma-
Aldrich), 10 ng/mL recombinant human IL-1β (Miltenyi Biotec), 1000 U/mL recombinant 
human IFNγ (U-CyTech), 50 ng/mL recombinant human IL-6 (Miltenyi Biotec), 2.5 ng/mL 
recombinant human IL-12 (R&D Systems), or 20 ng/mL recombinant human IL-23 (R&D 
Systems) combined with complexed IgG (c-IgG). 
 For c-IgG stimulation, high-affinity 96-well plates (Maxisorp; Nunc) were coated 
with 2 µg/mL total IgG (Nanogam; Sanquin Blood Supply), IgG1, or IgG2 (both Sigma-
Aldrich) diluted in PBS for 1h at room temperature, followed by blocking with PBS 
containing 10% FBS for 1h at 37°C. FcγRs were blocked by incubating cells with 20 μg/
mL anti-FcγRI/IIa/III (see Flow cytometry) for 30 min on ice, after which stimuli and culture 
medium were added resulting in a final antibody concentration of 5 μg/mL.
 Heat aggregated IgG (HAGGs) were made by heating IgG (Sigma-Aldrich) for 1h 
at 63°C and subsequent centrifugation for 10 min at 13,000 g to separate large, insoluble 
HAGGs from small, soluble HAGGs. Insoluble HAGGs were diluted in PBS and concentration 
of both fractions was determined by spectrophotometry (NanoDrop; Thermo Scientific). 
100 μg/mL HAGGs were used for stimulation. Stimulation with HAGGs or monomeric IgG 
(Nanogam) was performed in ultra-low attachment surface 96-well flat bottom plates 
(Corning). 
 Supernatants were harvested after 24h and stored at -20°C until analysis by 
ELISA. Cytokine levels in supernatants were measured by ELISA for TNFα (eBioscience), 
IL-1β, IL-6, IL-23 (all U-CyTech), and IL-10 (BD Pharmingen). 

Data analysis
Data were analyzed for statistical significance using Mann Whitney test with GraphPad 
Prism version 5.01 software (GraphPad Software).
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