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52  Capsule Summary
53
54 We show that a SNP in the high-affinity IgE FC-igtoe FCER1A differentially affects
55 monocytes and pDCs and correlates with allergieadis status. FCER1A might be a suitable
56 target for patients with asthma or atopy.
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Tothe Editor,

Numerous GWAS, including one published JACI by Ferreria et al, have reported an
association between rs2427837 and allergic disgtases (1). This SNP is located within the
first intron of the high affinity IgE FC-receptdfCER1A. However, the candidate gene that
seems to strongly correlate with this SN®R10J5— an olfactory receptor located ~250 kb
upstream of the polymorphism (1). Here, we presamdlence to support that rs2427837
instead correlates witiFCER1A mRNA levels in whole blood and protein levels on
monocytes and plasmacytoid dendritic cells (pDCs).

We first analyzed mRNA data from 31,430 whole blasamples constituting 35
different cohorts collected by the eQTLgen consamti We consistently detected a strong
correlation (p = 5.8E-152) between rs2427837 BGERI1A(Figure 1A). The expression
levels of only two other genes also significanttyrelated with this SNFDARC (p = 4.9E-
54) and AIM2 (p = 4.2E-08). Notably, we did not detect a siguifit correlation with
OR10J5(Table E1). Furthermore, and consistent with data from the BTd®&nsortium
(https:/Iwww.gtexportal.org/home/gene/ENSG00000554,L we did not detedDR10J5in
our blood samples. To identify the cell subsete@éd by rs2427837, we analyzed FCER1A
protein levels in whole blood subsets by flow cy&img. A previous study reported a
correlation between rs2427837 and FCER1A levelsoatinal significance in basophils(2).
However, when we analyzed 135 samples from a fonaticohort of Singapore Chinese
participants, we found no impact of this SNP on RQE levels in these cell$-{(gure 1B).
Rather, we found a strong correlation between 8232 and FCER1A protein levels on
monocytes (p <0.001) but not to other allergy-ratévsubsets, namely eosinophils or
neutrophils Figure 1C, D, E). This discrepancy in basophils could be due tbteEmatment
effects: the previous study treated the cells Waittic acid to strip IgE from the surface
receptor. IgE has a stabilizing effect BEER1Asurface expression, which on basophils is
further enhanced by the cell-type-specific Fc rémealpha-chailMS4A2(4). Another recent
analysis of FCERA levels in peripheral blood mononuclear cell (PBMfactions also
found no association between FCERIasophil subsets and atopy or asthma (3). However,
the rs2427837 SNP was not considered in this work.

We validated our findings in additional samplesngsia comprehensive flow
cytometry panel, gating out the four major FCERXressing immune-cell subsets:
monocytes, pDCs, myeloid DCs (mDCs) and basogRigure E1, E2). We found an allele-
dependent increase in the FCER1A+ positive sulgdt, the AA genotype conferring the
highest frequencyHigure E2). The impact of this increase was evident onlyctassical
CD16- monocytes, as non-classical CD16+ monocybesall express FCER1A and are thus
unaffected by the polymorphisniriQure E2). We then replicated this correlation between
FCER1A expression in classical monocytes and tB¢27&337 SNP in individuals with AG
and GG genotypes, as the AA genotype is rare ih Asians Figure 2A). Further analysis
in a validation cohort revealed a strong corretatietween rs2427837 and FCER1A levels in
classical monocytes (p = 6.04E-O&idure 2C). We also observed increased FCER1A
MRNA levels in classical monocytes in individualghathe AA genotype compared to AG
and GG when analyzing eQTL data obtained by theBED[foject for various immune
populations Figure E3). Staining with anti-Igg further confirmed thatighincrease in
FCER1A levels also translates into increased Igase expression on monocytdsdure
2B).
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Besides classical monocytes, rs2427837 correlaténdl MCER1A levels in pDCs.
Here, we found that individuals with the G allebgpressed high FCER1A level&igure
2D). Although this correlation opposes what we savwhwitonocytes, it is concordant with
the reported effects on stripped basophils (2).fdvead no correlation for any other subsets,
including untreated basophils and mD®sg(re 2D, E and Figure E4). The rs2427837
SNP has been associated with asthma and totalelgsl in asthmatics, where the major G
allele results in higher IgE production and an ated disease risk. However, the region has
multiple SNPs which could have combined effect loa functional consequence B€CER1A
(4). Furthermore, when we analyzed whole blood gemeession data we saw a significantly
higher level of FCERIAMRNA expression in individuals with a history dftlama from
N=166 (42 asthma cases and 124 controls) subjemts the SSIC cohort and N=256 (98
asthma cases and 158 controls) from the BAMSE hicthort P=0.045, and P=0.0086
respectively). Although basophils have been astagtivith the clinical manifestations of
this SNP, the lack of any detectable genotype etiaauntreated cells makes it unlikely that
they mediate the genetic effect. Our findings simgwincreased FCER1A levels in pDCs,
however, is in line with previous reports showingher FCER1A levels on pDCs in
asthmatic patients (5).

Various studies have implicated FCER1A and pDCuigment to the lungs in asthma
and allergic airway diseases. In particular, a ywtud school-aged children found that
FCER1A pDC subsets could differentiate asthmatic from astivmatic atopic children (3).

In addition, pDCs expressing CD123 (IL3-receptghal) are recruited to the lungs during
inflammation and migrate to the draining lymph n®t® augment Th2 responses in a mouse
model of allergic airway disease (6). These pDCsileix an activated inflammatory
phenotype in the nasal mucosa upon stimulation Wih-alpha: here, they favor a Th2
polarizing profile and can markedly increase in bemto trigger airway allergy. Thus, not
surprisingly, they associate with a higher riskeaperiencing asthma attacks and a severe
form of the disease. Using data from the GTEX powe also found an eQTL association
for rs2427837 in lung tissue for FCER1A gene
(https://www.ncbi.nim.nih.gov/gene/?term=2209jigure E5). Similar to the effect on
pDCs, the AA genotype correlated with the higHeSER1AMRNA levels. It is noteworthy
that a functional genotype-dependent FCERIA expoassas been previously described for
the SNP rs2251746 in basophils and mast cells (7).

In monocytes, we found that the AG genotype wasoaated with increased
FCER1A levels and conferred a lower risk for Igdarction and allergic disease. This
effect could be because serum IgE is cleared viBRA®A capture and internalization by
monocytes and mDCs (8). Importantly, the partidulatrong correlation between the AG
genotype and IgE surface expression on these seligests that the contribution of
monocytes to allergy control might be underapptediaA recent review highlighted that
FCER1A engagement in monocytes induces indolear@iBedioxygenase upregulation,
which inhibits T-cell proliferation and enhancegukatory T-cell function by depleting
tryptophan (9). Moreover, FCER1A cross-linking imomocytes induces IL-10, an anti-
inflammatory mediator that might attenuate basogmmtl DC activation and monocyte
phagocytic activity.

Taken together, we propose a model of FCER1A réigulan monocytes and pDCs
based on the rs2427837 genotype that is assoeiatiedllergic disease risk (7JF{gure E6).
Certain limitations to our study should be acknalgled. First, we did not evaluate the
correlation between rs2427837 ar@ER1Agene expression in allergic cases versus healthy
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controls. Second, the associations that we madeebetFCER1A gene expression and

asthma in the SSIC and BAMSE cohorts derive fronolettblood samples, not individual

immune-cell subsets. Further studies that comberetic and immune characterizations of
FCER1A in immune-cell subsets will help to elucaldahe contribution of each factor to

asthma and allergic disease. Importantly, we conflat the association of allergy relevant
SNP rs2427837 with FCER1A and consider that tangeiCER1A in monocytes and pDCs
might constitute a novel option to reduce allergpgeific responses.
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Figure legends
Figure 1. Association of rs2427837 to FCER1A gene and protein levels

(A) Individual cohort association between rs2427837 and FCER1A gene expression,
and meta-analysis data. (B) Correlation between rs2427837 genotypes and FCER1A
protein expression in basophils and monocytes. P-values, Mann-Whitney test.

Figure 2: Flow cytometry determined protein expression of FCER1A in immune
subsets in the SSIC cohort

(A-B) FCER1A expression in immune subsets stratified by the rs2427837 genotype.
The color indicates the various subsets gated on CD123 and FCER1a (A) and IgE
(B). (C-D) Association between FCER1A (log 10) MFI in classical monocytes (C) and
plasmacytoid dendritic cells (pDC) (D) and the rs2427837 genotype.
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Materials and methods

Flow cytometry staining and characterization of FCERLA protein levelsin immune subsets
The relevant details for the discovery and valmlatcohorts from the Singapore Chinese
cohort have been previously described (1). Fordiseovery cohort, whole blood samples
were lysed with lysis buffer and stained with @eRI-FITC (AER37, eBioscience), anti-
IgE-APC (MB10-5C4, Miltenyi Biotec), and anti-CD1E2rCP-Cy5.5 (6H6, eBioscience)
antibodies. For the validation cohort, another famtibodies were included to identify
various immune cell populations: anti-CD14 (61D3ioscience), anti-CD16 (3G8,
Biolegend), anti-CD1c (L161, Biolegend) and antiAdDR (L243, BD Bioscience). In some
experiments, staining was performed using the safi@ation antibody panels on peripheral
blood mononuclear cells (PBMCs). A LiveDead exalasdye was included to discriminate
the viable cells. The samples were analysed on &FBDS Cantoll or a BD LSRFortessa
flow cytometer. Data analysis and visualisation wadormed using Flowjo version 9.9.6 or

10.6.2 software.

Genotyping data from the Singapore Chinese cohort

The Singapore Chinese cohort genotyping data wetained from Illlumina Infinium chips

containing SNPs covering the whole genome. DNA astion and genotyping was
performed as previously described (2). Genotypiatador SNPs in the FCER1A locus
(rs2427837 and rs2251746) were extracted and tmeelabon with FCER1A protein

expression was determined by performing non-parnartests.

eQTLgen consortium data
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eQTL data for the rs2427837 SNP from whole blood BBMCs were obtained from the
eQTLGen consortiunthttps://www.egtlgen.org) (3). A meta-analysis oé ttlata from the
various cohorts was performed using the Z-scoré,aap-value was calculated for a meta p-

value and combined Z-score(4).

GTEXx data
Gene expression plots and eQTL data from lung ¢issare downloaded from the GTEXx

consortium webpage. Data for this consortium wetdiphed previously (5).

Gene expression data from BAMSE cohort

FCER1A gene expressiom whole bloodand phenotype information for asthma from the
BAMSE cohort was extracted from a previously reportlataset (6). Associations of gene
expression with the clinical phenotype were deteadiby performing non-parametric tests.

A p-value <0.05 was considered statistically sigaift.

Gene expression data from SSI C cohort

Gene expression data for the Chinese samples wasmned from participants of the

Singapore Systems Immunology cohort (SSIC). Thihod constitutes part of an

unpublished study that aimed to identifyferentially expressed genes for allergic dissase
RNA was isolated from tempus blood tubes using agém blood kit and then the RNA

qguality was determined using a Bioanalyzer. Annllila Human HT-12 gene expression
chip was used to determine the mRNA levels. FBERIA mRNA levels extracted for the

analysis are presented in this manuscript. Thenastphenotype was determined from the
participants answers to a self-report questionreme a positive skin prick test result to the

house dust mite allergen. Associations between g&peession and the clinical phenotype
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were determined by performing non-parametric testp.<0.05 was considered statistically

significant.
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104
105 Figure E1: Gating strategy to identify immune populations by flow cytometry
106
107  Live cells were first gated using the live/deadd.marker before size stratification using
108 forward (FSC) and side scatters (SSC). Monocytes wated using the lineage markers
109 CD14 and CD16, while dendritic cells and basophise gated using CD123, HLA-DR and
110 CDlc.
111
112  Figure E2: FCER1A expression in monocytes stratified by rs2427837.
113
114  (A) Two donors per genotype are presented for eathe GG, AG and AA genotype.
115 (B)The percentage of FCER1A-positive monocytesdasing with allele dosage of “A” in
116  classical monocytes.
117
118 Figure E3: Correlation between thers2427837 genotype and FCER1A gene expression
119  in monocytes from the DICE project.
120
121 (A-B) An eQTL association plot in (A) classical namytes (B) non-classical monocytes
122
123 Figure E4: Association of rs2427837 to different immune subsets.
124
125 (A-D) Data were obtained from (A) non-classical moytes (B) T-lymphocytes (C) B-
126  lymphocytes and (D) Natural Killer (NK) cells inglSingapore Chinese cohort (AG= 11, GG
127 =210). The subjects reported here are the samelsangported in Figure 2C-F. Protein
128 levels of FCER1A reported as loiyIFI
129
130 Figure E5: Association between SNPs at the FCER1A locus and FCER1A expression in
131  lungtissuefrom GTEX portal.
132
133  (A) Manhattan plot of the chromosome 1 locus comtgi FCER1A SNPs and their
134  association with gene expression. (B) eQTL plduiy tissue stratified by the rs2427837
135  genotype.
136
137  Figure E6: Possibleimplications of the FCER1A polymor phism rs2427837.
138
139  The impact of the rs2427837 genotype on the FCERAg#tive subsets in monocytes and
140 pDCs. A potential balance between these subsetst mifuence immune regulation
141  associated with allergic phenotypes.
142
143
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Table E1: The meta-analysis association results of rs2427837 in the eQTL gen cohort

No. No.

ID Pos (hgl19) ID Symbol p-value Z-score  Assessed Other cohorts samples FDR
rs2427837 159258545ENSG00000179639 FCERIA 5.79E-152  26.2582 A G 35 31430 0
rs2427837 159258545ENSG00000213088 DARC 4.93E-54 15.4776 A G 36 26609 0
rs2427837 159258545ENSG00000163568 AIM2 4.23E-08 5.4811 A G 36 31644 0.0001584¢

Association statistics are shown in the table. g4value and Z-score were calculated for the contbimeta-analysis of the statistics of all the

cohorts described in the eQTLgen consortium. Meteits on the analysis are provided/osa et al.

7. VOsa, U. et al. Unraveling the polygenic architecture of complex traits using blood eQTL metaanalysis. bioRxiv, 447367,
doi:10.1101/447367 (2018).
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