T cell panel

Phenotypes:

T cells (CD3*)
CD4*

CD8b*

In CD4* and CD8b*:

SSC

Naive CD27*CD45RA

CM CD27*CD45RA"
EMRA CD27-CD45RA*

In each subpopulation:

CD8b

Supplementary Figure 1

Gating strategy for the T cell flow cytometry panel
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Treg panel Phenotypes:

CD4*
CD8b*

Treg CD25*CD127-

In Tregq:
Naive CD45RA*HLA-DR-

Activated CD45RA-HLA-DR-
Memory CD45RA-HLA-DR*

In each Treq subpopulation:
ICOS MFI
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Supplementary Figure 2

Gating strategy for the Treq cell flow cytometry panel



MAIT/NKT panel

Phenotypes:

T cells (CD3%)
TCR y&*
CD8b*

CD4

In T cell subsets:
NKT TCRV24*CD161hi
MAIT TCRV7.2*CD161*
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HLA-DR MFI
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Supplementary Figure 3

Gating strategy for the NKT/MAIT cell flow cytometry panel



NK panel

Phenotypes:
CD56NCD16°-
CD16hCD56"°
In each NK subpopulation:
CD69 MFI
CD8a MFI
HLA-DR MFI
[(e]
<
Q.
Y
< cos/coml
: e s )
£t ! 3 3
.6 5(;( -u::n( s::« roEx zs‘zx O = = 00K 150K 20 50K O Da y.‘-< -:‘cx ,‘0( 20 50K
2 o 3
SSC-A FSC-W SSC-A
single NK ‘
l cells
i
%
| 2 CD16"
©4 CD56M
8' T e A A T e T u
O — —> —
CD16 CD69 HLA-DR CD8a

Supplementary Figure 4

Gating strategy for the NK cell flow cytometry panel



Lineage panel

CD45

Phenotypes:

CD45*

B cells (CD19*)
T cells (CD3*)
CD8b*

CD4

CD56"NCD16'- NK cells
CD16NCD56'° NK cells

CD16NCD14'°mono
CD16'°CD14" mono
Monocytes
(CD16h+CD14hi)

Supplementary Figure 5
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Gating strategy for the lineage cell flow cytometry panel



B cell panel

W GC
/ﬁ\ B Plasmocytes
A H Memory B CD24™

A B Memory B CD24"

Supplementary Figure 6

Gating strategy for the B cell flow cytometry panel
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single CD19+
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Phenotypes:

B cells (CD19%)
IgD*CD27- memory
IgD-CD27- memory

Germinal Center (GC)
Plasmocytes

in GC/plasmocytes/

memory/naive/
transitional/founder:

CD21 MFI
CD24 MFI
CD38 MFI

IgM MFI



PMN panel

COW125

—— neutrophils
eosinophils

____basophils

viability *

Phenotypes:

<
P
<+

Neutrophils CD16"CDw125
Eosinophils SSCNCDw125*

Basophils FceRINCDw125- '.'?1

) . ) o . P ) ) . P
CcD62L CD203c CD62L
In_neutrophils and

eosinophils:
CD62L MFI

In Basophils: [ i R
CD203c MFI

FeeRl . CD32 ~ CD16
In each population:
FceRI MFI

CD32 MFI
CD16 MFI

Supplementary Figure 7

Gating strategy for the PMN cell flow cytometry panel



DC panel

HLA-DR

Dump & viability FSC-H SSC-H

live single HLA-DR* CD14- |
cells

Phenotypes:

pDC BDCA-2*BDCA-4*
cDC1 BDCA-1*BDCA-3

HLA-DR
BDCA-3

CD14" monocytes

In each DC population:
CD86 MFI
HLA-DR MFI

Supplementary Figure 8

Gating strategy for the DC flow cytometry panel




Th panel
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Supplementary Figure 9

Gating strategy for the Ty cell flow cytometry panel



ILC panel

Cell #
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ILC (CD127*lin")
ILC3 (CRTh2-CD56- CD117+)
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In ILC3:
CD161 MFI

Supplementary Figure 10

Gating strategy for the ILC flow cytometry panel
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Supplementary Figure 11

Raw distributions of the 166 immunophenotypes studied in the Milieu Intérieur cohort

Distributions are shown before outlier removal,

distributions are shown in Supplementary Figure 15.

imputation, batch correction and transformation to

normality. Transformed
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Supplementary Figure 12
Repeatability of semi-automated flow cytometry measurements
Repeatability of (a) absolute cell counts and (b) MFI estimated based on measurements performed at five different time points over

five months on the same five individuals. Points represent the average of measurements across replicates of the same individual, and
bars 3 times their standard deviation.
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Supplementary Figure 13
Reproducibility of semi-automated flow cytometry measurements

Comparison of cell counts measured in different flow cytometry panels across the 1,000 Milieu Intérieur donors. Spearman’s p
correlation coefficients are shown.
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Supplementary Figure 14
Batch effects on measured immunophenotypes

(a) Effect of the sampling hour on the absolute number of CD16™ NK cells. Whole blood samples were collected from the 1,000
Milieu Intérieur healthy subjects every working day from 8 to 11AM. The sampling hour has a significant effect on different immune
cell counts, such as the absolute number of CD16™ NK cells, which were adjusted for this batch effect. (b) Effect of the sampling day
on immunophenotypes measured in the Milieu Intérieur cohort. Whole blood samples were collected from the 1,000 Milieu Intérieur
healthy subjects every working day from September 2012 to august 2013. Variation in the mean fluorescence intensity (MFI) of
several protein markers was observed along the sampling period. All MFIs were corrected for this batch effect using the ComBat non-
parametric Bayesian framework. Three examples of uncorrected (left column) and corrected (right columns) values are shown.
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Supplementary Figure 15
Transformed distributions of the 166 immunophenotypes studied in the Milieu Intérieur cohort

Distributions are shown after outlier removal, imputation, batch correction and transformation to
shown in Supplementary Figure 11.

normality. Raw distributions are
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Supplementary Figure 16
Correlations among circulating levels of immune cell populations in the Milieu Intérieur cohort
Sample correlations were estimated between the residuals of the log-transformed immunophenotypes from a regression model that

included non-genetic covariates selected with the stability selection algorithm (described below) on the 39 non-genetic covariates,
together with the batch variables. Correlations between -0.3 and 0.3 were set to 0, to improve readability.
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Supplementary Figure 17
Age, sex and CMV infection impact protein levels of immune cell markers in 1,000 healthy individuals

Significant multiplicative effects of (a) increasing age, (b) female sex and (¢) CMV seropositivity on the mean fluorescence intensity
(MFI) of protein markers of immune cells of 1,000 healthy individuals, controlling for the two other factors, batch effects and
genome-wide significant SNPs The multiplicative effect sizes were estimated in a linear mixed model with a log-transformed response
variable, controlling for batch effects and genome-wide significant SNPs, and then transformed to the original data scale. The 99%
confidence intervals (99%ClIs) were false coverage-adjusted, considering that only 99%CIs of effect sizes with a significant test
(adjusted P<0.01) are shown. Adaptive and innate immune cells are represented in grey and black, respectively. These analyses were
performed with the mmi R package (Online Methods).
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Supplementary Figure 18
Estimated dependency matrix among 39 non-genetic variables analyzed in this study

Values are generalized R? measures from pairwise fitted generalized linear models (Online Methods). Variables listed in rows are
response variables and those listed in columns are predictor variables in the models. Categorical variables (i.e., exposure to dust, level
of education, income and smoking) were used only as predictors. Details on the non-genetic variables can be found in Supplementary

Table 1.
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Supplementary Figure 19
Smoking strongly impacts protein levels of immune cell markers in 1,000 healthy individuals.

(a) Significant multiplicative effects of 39 non-genetic factors on protein levels of immune cell markers (i.e., MFI) in healthy
individuals. Colors represent levels of association (i.e., —log;o(g-values)) between the 39 non-genetic factors and protein levels of
immune cell markers, at a false discovery rate (FDR) < 1%. Except when their effects were specifically measured, immunophenotypes
were regressed for age, sex, CMV status, batch effects and genome-wide significant SNPs (Online Methods). (b) Significant effect
sizes of active smoking on protein levels of immune cell markers in 1,000 healthy individuals. The multiplicative effect sizes were
estimated in a linear mixed model with a log-transformed response variable, controlling for age, sex, CMV status, batch effects and
genome-wide significant SNPs, and then transformed to the original data scale. The 99% confidence intervals (99%CIs) were false
coverage-adjusted, considering that only 99%CIs of effect sizes with a significant test (adjusted P<0.01) are shown. Adaptive and
innate immune cells are represented in grey and black, respectively. Effect sizes in past smokers are shown, for comparison purposes.
These analyses were performed with the mmi R package (Online Methods).
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Supplementary Figure 20
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Genetic relatedness and structure in the Milieu Intérieur cohort

PC1 (5.42%)

%go&
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@ Ethiopian
Mozabite
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(a) Genetic relatedness in the Milieu Intérieur cohort. Pairs of related subjects were detected using an estimate of the kinship
coefficient and the proportion of SNPs that are not identical-by-state between all possible pairs of subjects, using KING. (b) Genetic
structure of the Milieu Intérieur cohort. Genetic structure was estimated with the Principal Component Analysis (PCA) implemented
in EIGENSTRAT. For comparison purposes, the analysis was performed on 261,827 independent SNPs and 1,723 individuals, which
include the 1,000 Milieu Intérieur subjects together with 723 individuals from a selection of 36 populations of North Africa, the Near
East, western and northern Europe (Online Methods).



CD16 in CD16hi NK cells CD32 in basophils

o8

o
i mo«,q.gm E
a-———Mﬂ—-&——-ﬂ__l

s AP
"

Foogai —FogR®  DUSEI~

—rogrss —mzien gurse spnc e rocme A ——
Foago~ Foma~ rognic- —rogra —mzn
o roma —apo2 Fogmon oA
g & 1geme ¢ 5 _
amites Toun~ ot Foma
wrstar-~
o o~
2 o5 1ot ez 12 o4 ot ot ez
Posion oncht (M) Posion on et (M)
HLA-DR in cDC3 ] HLA-DR in cDC1 HLA-DR in pDC
w2 g © e ® s
Crnctboonciaana .
ey et onsen g ot
s, g, P omy A =5 oIy A g AULORS  RQOR — T —HA-OHA PR gy MG ADRI WA — R —HUDNA
MoGp HDRBS —HADORI M08 — HOGEI —HULDRSS —HADOS 008 ~HONS Clocimorsr | KOG MUDRES HADB | MU0 ~HADUE ~HADI
capue  wmaome oo pean oz —maome  —msoom ange-» e ~amuz  ~maomse
o= e < pars oo~ . pera-ecris~ aoonr
R - ocrusorser ecrus
poves-asi~| omit pora- —agmr
e poryecria~ -
—agaar L.
ezt s~
2 22 20 s 22 26 2s M 22 2 s N
Pos
CD62L in eosinophils CD8a in CD69+ CD16hi NK cells CD203c in basophils
0= - 100 £ ‘ o
v ez223265 : 71411868 52270089
0 ¢
06 o0 X L
- . aggﬁo
LB .
i (o
«®
° .
2 ®
. P e 0.
N R L A PR o |
pompm—s ‘ o o
S— S epm———
[ e Zeom  mee.
- ~Pigie
02 o4 096 1ess 0 r e w2 o 1o 124
Postion onchr (M)
CD24 in IgM+ marginal zone B cells CD69 in CD16hi NK cells CD8a+ CD56hi NK cells
Liw L 100 0 10
— - rsesg3121 12066962
.

oo
S ~Locigio roPos oo~ g
s stpgi~ lspor0s o —Mmsser
i o Goo ~possz o : £ g
- — Locomostss~ P ~sust s
ATt ~Logrooszzrsr ~sen g i § e : et
= 1014 1016 1018 102 1022 ma e m 12 122
s ! fors ore Postion on chrl (Mb) Positon on chi2 ()
Positon on

CCRY7 in CD4+ naive T cells FCeRI in eosinophils

Ratio of CD16 MFI in CD16hi and CD56hi NK cells

114412914
[

$

Otesty-roa vaes

o = . L. . L N 4'&_ 4 L
17 D - Sahinaolipidlevels. o
o e e <o e

ol ol W e e e =

Posilion on chrt9 (M)

Supplementary Figure 21

Local association signals for the 15 genome-wide significant hits associated with immunophenotypes measured in the Milieu Intérieur
cohort

Each point is a SNP, whose color represents its level of linkage disequilibrium (%) with the best hit (in purple). Blue lines indicate
local recombination rates.
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Local association signals for the six genome-wide significant hits identified by conditional GWAS of the 15 immunophenotypes
showing strong genetic association in the Milieu Intérieur cohort

Each point is a SNP, whose color represents its level of linkage disequilibrium (%) with the best hit (in purple). Blue lines indicate
local recombination rates. These association signals were identified when conditioning on genotypes of main GWAS signals (Online

Methods).
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Supplementary Figure 23

Local association signals detected by multi-trait GWAS of immunophenotypes measured in the Milieu Intérieur cohort

(a) Local association signals at loci influencing principal components of a PCA of all innate cell immunophenotypes. No suggestive
signal (P<5x10™) was observed for PCs of a PCA of adaptive cell immunophenotypes. (b) Local association signal with the absolute

numbers of HLA-DR™ Ty, Tem and Temra cells, either CD4™ or CD8™. The six corresponding immunophenotypes were analyzed
altogether using a multivariate GWAS (Online Methods).
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