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Figure 1: General overview of the interactions between the innate and the adaptive
immune systems in response to a bacterial skin infection - This figure highlights the
essential role of dendritic cells in order to assure the proper interaction between the two
parts of the immune system, by presenting the bacterial antigen at its surface to T lym-
phocytes after its migration to the skin lymphnodes. This triggers the downstream acti-
vation of the adaptive system in order to fight against the microorganism invasion of the
skin by T and B lymphocytes. It also illustrates the importance of the different mediators
of the immune response, among others cytokines. Modified from (61).
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Figure 2: Overview of the main actors of the immune system - Principal actors of differ-
ent nature involved in the immune system.
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Figure 3: I- Cytokines characteristics and functions - Type I cytokine familiy members:
cell sources, related receptors and biological effects of the principal members. Modified
from (7).
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Figure 3: II- Cytokines characteristics and functions - Type I and II cytokine familiy
members: cell sources, related receptors and biological effects of the principal members.
Modified from (7).
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Figure 3: III- Cytokines characteristics and functions - TNF superfamily cytokines, IL-1
family cytokines and other cytokines: cell sources, related receptors and biological effects
of the principal members. Modified from (7).
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Figure 5: Overview of the principal PAMPs and DAMPs. - Type, subtype and ori-
gin of the principal molecular patterns recognized by the innate immunity. PAMP,
Pathogen-associated molecular pattern; DAMP, Damaged-associated molecular pattern;
ATP, Adenosine triphosphate; CpG, Cytosine-guanine-rich oligonucleotide; dsRNA,
Double-stranded RNA; HMGB1, High-mobility group box 1; HSP, Heat shock protein;
LPS, Lipopolysaccharide; ssRNA, Single-stranded RNA; TLR, Toll-like receptor; RSV,
Respiratory syncytial virus; AIM2, Absent in melanoma-2; cGAS, Cyclic GMP-AMP
synthase; DAI, DNA-dependent activator of IFN-regulatory factors; IFI16, Interferon in-
ducible protein 16; NLR, NOD-like receptor; NOD, Nucleotide oligomerization domain;
DC-SIGN, Dendritic cell-specific intercellular adhesion molecule 3-grabbing nonintegrin;
SRs, Scavenger receptors; FPRs, Formyl peptide receptors; CRP, C-reactive protein; SAP,
Serum amyloid P; MBL, Mannose-binding lectin. Sources: (7), (62), (63) and (64).
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Figure 8: I- CD molecules characteristics and functions - CD molecules characteristics:
structure, main cellular expression and functions. Modified from (7), (70) and (71).

A19



Figure 8: II- CD molecules characteristics and functions - CD molecules characteristics
(following): structure, main cellular expression and functions. Modified from (7), (70)
and (71).
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Figure 8: III- CD molecules characteristics and functions - CD molecules characteristics
(following): structure, main cellular expression and functions. Modified from (7), (70)
and (71).
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Figure 9: Major immune cells molecular characterization - This non-exhaustive table
illustrates the phenotypic molecular signatures characterizing the major known human
immune cells subsets. Blue means an absence of expression, whereas orange means that
the molecule is expressed. Sources: (2) and (7).
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Figure 10: Main DCs subsets molecular characterization - Surface molecules, intracellu-
lar PRRs, expressed genes and released cytokines by plasmacytoid DCs, type 1 and type
2 conventional DCs. Sources: (5).
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Figure 11: Primary immunodeficiencies classification - Classification of PID based on
the side of immunity that is disturbed, and the mechanism responsible for this defect.
Sources: (12).
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Figure 12: Mass Cytometry Workflow - General outlook of mass cytometry workflow,
from single-cell suspension to data analysis. Modified from (33).
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Figure 13: General Analysis Pipeline - General data processing pipeline starting with
data acquisition through a mass cytometer, then cluster identifications and finally intra-
clusters evaluation.
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Figure 14: Innate immune functional panel - Panel of antibodies used in this project,
with the corresponding heavy metal isotope, marker, clone and source. In, Indium; Pr,
Praseodymium; Nd, Neodymium; Sm, Samarium; Eu, Europium; Gd, Gadolinium; Tb,
Terbium; Dy, Dysprosium; Er, Erbium; Yb, Ytterbium; Bi, Bismuth; Ho, Holmium; Lu,
Lutetium.
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Figure 15: Initial gating strategy to individualize each condition for each patient and
healthy donor - Gating strategy using FlowJo, allowing to get individualized FCS files for
each samples condition, illustrated for the batched data acquired containing the healthy
donors 1 to 5. At the end, this means that 60 FCS files will be created (15 patients, 15
healthy donors, with each of them having 2 conditions).
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Figure 16: I- Manual gating strategy for the major known immune cells populations -
Manual gating using Cytobank, plotting two-dimension scatterplots to iteratively cluster
cells groups according to their surface markers. It can be seen as an iterative selection
process of different markers expressions which at the end will define the corresponding
cells populations.
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Figure 16: II- Manual gating strategy for the major known immune cells populations -
Following.
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Figure 17: Clustering surface markers - Surface markers used to discriminate cells sub-
populations when automatically clustering them, for all cells and mDC population.
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Figure 31: Boxplots with jittered points representing the cytokines expression in the
different immune cells populations - Comparison for each of the populations the differ-
ence in cytokines expression between the unstimulated and stimulated conditions. HD,
healthy donor.
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Figure 36: Minimal spanning tree obtained with FlowSOM on the mDC population
- (A) Minimal spanning tree displaying the intensity in some marker expressions of the
100 identified clusters. (B) CD1c expression intensities among the 100 clusters.
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Figure 43: mDC tSNE graph of patient 02 and healthy donor 13 - tSNE graphs focusing
on patient 02 and healthy donor 13. HD, healthy donor; P, patient; US, unstimulated; S,
stimulated.
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Figure
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