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 the importance of the immune system in sepsis
 why sepsis research @FricLab

e diagnostics markers from the immune system

* therapeutic targets originated in the immune system
 Adverse effects of sepsis - trained immunity
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Myeloid cell signalling during immunosupression ICRC
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BACKGROUND FNUSA
Sepsis ICRC

SepsiS' 1 Early deaths due
e ) ) to overwhelming
Life-threatening organ dysfunction; inflammation
Highly heterogeneous syndrome; Hyper- o,
Dysregulated host response to infection; '“ﬂar";;"pa;‘j;g

Sustained excessive inflammation;
IMmmMmune suppression;
Inflammatory storm followed by immunosuppressive MehistataEl
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CRP immunosuppression
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BACKGROUND
Immune dysregulation in sepsis

Immune hyperactivity,
damage from‘inflammation

Organ failiure = — - Early death

iy

":J
N
§

Days/weeks * Recovery
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Innate immune dysregulation

Persistent inflammation
Chronic catabolism
Decreased cytokine production
Myeloid cell immaturity
Reduced phagocytosis
Contracted antigen presentation

Recurrent infections
Continued organ injury
Poor tissue regeneration

ad Long-term death
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4 Resolution

Immune system activity

Immune suppression,
vulnerability to infection

QD0 O

L

» Opportunistic infections

Long-term death

Adaptive immune suppression

T cell anergy
Lymphocyte apoptosis
Diminished T cell cytotoxicity
Reduced T cell proliferation
Increased Treg suppressor function
T cell Th1-Th2 polarization

Delano, M.,
J Clin Invest.
2016;126(1):23-31.
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BACKGROUND

Sepsis — all immune cells & all cytokines are involved
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DOI: 10.1002/bies.202000067
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Prospects & Overviews Alteredfuncnons
Metabolic rewiring
How immune-cell fate and function are determined by Biormarkers

metabolic pathway choice Gj
7 » Host pathogeninteraction

The bioenergetics underlying the immune response <—

Marcela Hortova-Kohoutkova? | PetralLazni¢ckoval? | JanFri¢l3 Patient admition to ICU

Sample collection within 12hs

Flow-cytometry profiling

SHOCK, Vol. 54, No. 5, pp. 606—614, 2020 ] Q @
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PHAGOCYTOSIS—-INFLAMMATION CROSSTALK IN SEPSIS: NEW 'b CS é ; é©é©

AVENUES FOR THERAPEUTIC INTERVENTION

D5+ Survivor - Early deceased

Marcela Hortova-Kohoutkova,” Federico Tidu,” Marco De Zuani,”
Vladimir Sramek,T Martin Helan,*T and Jan Fri¢*#

@Classical Monocyte elntermediate Monocyte @Non—classical Monocyte
9 coss P cs6 receptors ©)cpa+ O)cpsr SoMcp-1, L6, L8, 110, 118
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BACKGROUND FNUSA

Complexity of sepsis — central role of immune syste ICRC
Fields of interest: Overview of active clinical studies targeting
* Cytokines and other mediators immune systém in sepsis
* Immune cells
|
¢ mOnOCVteS B 2 NK cell [ 54 Cytokines
e NKcells -
1 23 Monocyte
L
Bl 1 Pathogen-specificity

 Adverse effects i

—< 7 X 53 Metabolism

1 4 Immune activation

Bl 4 Immunoparalysis

1 1 Immunophenotyping Total number of clinical studies = 206

0 19 Immunosuppression 1 7 Immune modulation
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BACKGROUND FNUSA

Complexity of sepsis — central role of iImmune syste ICRC
Fields of interest: Immune markers of sepsis progression
¢ CYtO kines d nd mEdiatO I'S Immune marker Best- “Experi- Markers used in different centers
associated with practise mentally
o | mmune Cel |S sepsis diagnostics | obtained”
° neutrophlls Total WBC count
CRP
o m O N O Cyte S Procalcitonine
° N K ceI |S Presepsin (sCD14)
HLA-DR
CD11b
 Adverse effects CD64

CD69

TREM
IL-1
IL-6
TNF-a
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PATIENT COHORTS FNUSA
Sepsis, septic shock, febrile neutropenia ICRC

TP1 TP2 TP3 TP4
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PATIENT COHORTS

Septic shock 41 patients (early diseased and early suy

Demographic and clinical characteristics of patients with septic shock

P
Characteristic Total D5+ Survivors Early deceased value
Recruited patients 41 33 (80.5%) 8(19.5%) —
Gender e \
Marcela Petra Kamila
Female 17 (41.5%) 14 (82.4%) 3(17.6%) - Hortos Lésnickova  Bendickova
Male 24 (58.5%) 19 (79.2%) 5(20.8%) = Kohoutkova
Age, mean (range) 71.3 (49-89) 70.6 (49-89) 74.1 (66-85) .3850
Comorbidities, mean 2.23 222 275 .8253
BMI, mean 27.80 2748 2912 .3699
SOFA, mean 11.46 10.82 1413 0360 Journal of Cellular and Molecular Medicine
CRP mg/l, mean 224.32 213.38 268.06 .5388 . . . .
Differences in monocyte subsets are associated with
Lactate mmol/l, mean 2l 1.72 3.90 .0045 . . . . .
Originof septioshiock short-term survival in patients with septic shock
Pneumonia 17 17 (100%) 0(0%) —
Abdoninal infsction 7 5 (71.4%) 2 (28.6%) _ Marcela Hortova-Kohoutkova® | Petra Laznickoval? | Kamila Bendi¢kova® |
UIEGEERIE " 3 (50%) 3 (50%) _ Marco De Zuani® | Ivana Andrejéinov::ii’2 | Veronika Tomagkova'? | Pavel Suk®
o 3 . . 1,3 1.4
Soff fissueinfaction s 3 (60%) 2 (40%) B Vladimir Sramek® | Martin Helan™” | Jan Fri¢
Mediastinitis 3 3 (100%) 0 (0%) ‘@’ AZV C":R J Cell Mol Med. 2020;24:12504-12512.
Other 3 1 (333D0} 2 (667%) ~m_  AGENTURA PRO ZDRAVOTNICKY WWZKUM CESKE REPUBLIKY

Abbreviations: BMI, body mass index; CRP, c-reactive protein; SOFA, sequential organ failure
assessment.
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PATIENT COHORTS FNUSA
Septic shock 41 patients (early diseased and early sup¥ ICRC

Septic shock survival . Severity of septic shock
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RESULTS

Monocytes in patients with septic shock

QD0 O
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BACKGROUND FNUSA
Complexity of sepsis — central role of Immune syste ICRC

Patient admition to ICU

Fields of interest: ¢
. I ample collection within 12hs
 (Cytokines and mediators Samp i thin 12

° Immune CE”S Flow—cytome.try profiling
* neutrophils @

* monocytes
e NKcells

e Adverse effects

D5+ Survivor

Early deceased )

@Classical Monocyte elntermediate Monocyte @Non—classical Monocyte
¥ coss ¢ coss receptors (O)cpa+ (Ocos+ Somcp-1, L6, 1L8, 1110, 1L-18
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RESULTS FNUSA

Monocytes in patients with septic shock ICRC

FSC-A
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RESULTS

Monocytes in patients with septic shock
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Frequency of classical and intermediate monocytes assessed at the time of admission to the intensive
care unit are significantly distinct in patients with septic shock who survived longer that five days from

those who died.
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RESULTS FNUSA

Monocytes in patients with septic shock ICRC

5 > "é% B ROC curves: Monocyte subsets
N Ny
SOFA [x|\# & 49 o % R
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2 £ cose (efMF)F) = === axo & & @“Q o -=- Non-classical HLA-DR®" CD86%* AUC 0.6740.11, P=0.130
| | ‘ Py 0
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CD86* (GMF) R "EE SEE Q‘Y Al @P ROC curves: Cytokines
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‘0 | S O 100~
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MCP-1 | B ~ L] | = x|\ 2. 60" L‘
. | :t'g e -, e I 2 - MCP-1 AUC 0.750£0.12, P = 0.040
: £ o =: s =ﬁ :. b aaal e 2 2 40- — IL-6 AUC 0.9110.06, P=0.008
e oo FEEc iy @ ”0. — IL-8 AUC 0.839+0.08, P=0.005
IL-33 S Smistalsl 1 — IL-10 AUC 0.958+0.04, P=0.002
- - 6 — IL-18 AUC 0.86340.12, P = 0.032
. N - - . . 1

0 20 40 60 80 100
. ¢« epe . . . Specificity% . .
The changes in monocytes correlate significantly with differences in serum levels of inflammatory cytokines

MCP-1, IL-6, IL-8, IL-10, and IL-18.
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RESULTS FNUSA

The diagnostic ability of monocyte changes — ROC curve ICRC

ROC curves: Monocyte subsets

100 | i i
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CONCLUSION FNUSA
ICRC

Patient admition to ICU

v Monocyte subset frequency:
Sample collection within 12hs « predictive marker of septic shock survival
v * independent on stimuli inducing septic shock
- N

Flow-cytometry profiling Monocytes activation status (CD86) significantly reduced

Early death

GOAL:

Advantage of timely
cytometric analysis for
identification of high risk
group of patinets and ev.
non - responders to
conventional therapy

Hyper-inflammatory
phase |
| Active phagocytosis

1 Leukocytes expansion ‘

cytokines
Homeostasis Suppressory cells
expansion

|
| Anti-inflammatory ‘
|
|

 Loss of APC function

i Effector leukocytes |
depletion

Immunoparalysis

Immunosuppressive

D5+ SurV'Vor Ea rly deceased y phase | Endotoxin tolerance
@Classical Monocyte elntermediate Monocyte @Non-classical Monocyte Late death
'CD86 ? CD86 receptors OCD4+ ©CD8+ C—_?.MCP-L IL-6, IL-8, IL-10, IL-18 Hortova-Kohoutkova et al., Shock 2020

Hortova-Kohoutkova et al., JCMM 2020
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The role of metabolism and transcription factor networks in Fl\llgg‘é

myeloid cells and progression of human sepsis

200

Journal of Cellular and Molecular Medicine

European Jou
Differences in monocyte subsets are associated with Im Immunity to infection
short-term survival in patients with septic shock Short Communication
Human myeloid-derived suppressor cell expansion
Marcela Hortova-Kohoutkova® | Petra Lazni¢kova®? | Kamila Bendi¢kova® | during sepsis is revealed by unsupervised clustering
Marco De Zuani® | Ivana Andrej¢inoval? | Veronika Tomaskova'? | Pavel Suk? of flow cytometric data
Viadimir §rémek3 | Martin Heléni,a | Jan FriélA Marco De Zuani!, Marcela Hortovd-Kohoutkovd!, Ivana Andrejéinovd®’-2,
J Cell Mol Med. 2020;24:12504-12512. verontka Tomdskovd ™, Viadimir Srdmele, Martin Heldn'
" i
¢ frontiers blshed: 10 Decenber 2021 Septic shock survival - Seve septic shock
In Immunology o1 10,3380 031 741484 100 oplic s s a0, ol
*
Polymorphonuclear Cells Show 3 a )
= - o E W
Features of Dysfunctional Activation Z o o f ol e +
= = =1 10 . !
During Fatal Sepsis ; | R Rl
H = Early decnnsaed ¥ ".
Marcela Hortova-Kohoutkova '", Marco De Zuani'?, Petra Laznickova 2, o ' —

5 1 5 e
Kamila Bendickova’, OndFej Mrkva', lvana Andrejéinova ', Alexandra Mytnikova’, ° ¢ ! D5+ ED

Ondfej Polansky', Kamila Koéi, Veronika Tomaskova?®, Vladimir Sramek?, Days elapsad

Martin Helan 2 and Jan Fri¢ **

Profound and longterm changes of myeloid cells and their functions during sepsis
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: : : FNUSA
- 9 Overview and analysis of proteomics data. I(l:ch
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the global expression of all the detected proteins.
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Polymorphonuclear Cells Show Features of Dysfunctional Activation During Fatal Sepsis




FNUSA The LFQ intensities of the top 10 proteins were quantified and showed significant
ICRC changes in alpha-enolase, Annexin A3, Vimentin, and Lysozyme

B
ROC curves: Expressed proteins

D 100=-
Alpha-enolase Anne:'in A3 Vim:ntil‘l Phosphoglycerate kinase 1 Glucose-6-phosphate isomerase
- 21 = 19+ — 21 —_— 194 P=0054 20+ - @ 80
7] eg8s Si c--- e . . —
F T |ET =m&" g T.: &%
c-, 19+ . 18+ s e B 18 l:' 18 # —_- .‘%
2 @ ol * ot ‘% 40= === Calponin 2
ALy [ . : s & === Annexin A3
S . ) & ‘% 20 s \/imentin
17 17+ 18~ 17 16 —— Lysozyme C
Lysozyme C Calponin-2 Myeloblastin Lactotransferrin Protein $100-A8 0 ' — Alpha;enolase'
22+ * 194 - 22+ 24~ 25~
% l._l f 0.055 . R 0 20 S40 ) ".’-3(;6 80 100
é 21+ 'Eg' " 18 soptte i :E:-i-l 22+ ? - 24 . oMY
a |5 s - il g ¥ . ogee? —p= Term AUC  Pvalue Std. error
5 oo 0ty — - g gl ; 1 ol * s 'QE' Alpha-enolase 0.808 0.013  0.070
o e ® " 194 . % . Annexin A3 0.810 0.018 0.101
g . ¥ . * Vimentin 0781 0023  0.106
19 16+ 18d  ° 18- 22- Lysozyme C 0.759 0.036 0.093
Calponin 2 0.753 0.054 0.084
e Survivor = Early deceased Phosphoglycerate kinase 0.724 0.070 0.092
Glucose-6-phosphate isomerase 0.725 0.070 0.116
S100-A8 0.689 0.127 0.159
Myeloblastin 0.679 0.145 0.102
Lactotransferrin 0.636 0.272 0.118

Polymorphonuclear Cells Show Features of Dysfunctional Activation During Fatal Sepsis




Predictive potential of dynamic changes in neutrophil
and monocyte subsets in SIRS and sepsis development

after surgery or trauma.
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 the importance of the immune system in sepsis
 why sepsis research @FricLab

e diagnostics markers from the immune system

* therapeutic targets originated in the immune system
* Adverse effects of sepsis - trained immunity
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? frontiers
in Immunology

Train the Trainer:
Hematopoietic Stem Cell
Control of Trained Immunity

Marco De Zuani' and Jan Fri¢ 2"

ORIGINAL RESEARCH
published: 13 December 2021
doi: 10.3389/fimmu.2021.741484

! Intemational Clinical Research Center, St. Anne’s University Hospital, Brno, Czechia, < Institute of Hematology and Blood
Transfusion, Prague, Czechia

Healthy aging
Unspecific protection
‘B-glucans £9%,
ise ) &g
L]
Trained Immunity =
Age ]
Western diet ‘.’
Sepsis |emm|
Mevalonate ﬁ)‘

Inflammaging
Chronic inflammation
Immunosuppression
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HSDM transcriptome profiling

Post-sepsis

Peripheral blood

l

CD34+ enrichment

l

MEDIA A MEDIA B

. . . FNUSA
9 Metabolic reprogramming and innate memory A R

ST. ANNE'S UNIVERSITY HOSPITAL BRNO

HD Gene-set enrichment analysis (GSEA)

-<+——HD SEPSIS—

REGULATION OF ACTIN CYTOSKELETON [
ECM RECEPTOR INTERACTION [N
FOCAL ADHESION
STEROID BIOSYNTHESIS
CITRATE CYCLE TCA CYCLE
GLYCOLYSIS GLUCONEOGENESIS |

FRUCTOSE AND MANNOSE METABOLISM
MEDIA C

[
HUNTINGTONS DISEASE
GALACTOSE METABOLISM [

COMPLEMENT AND COAGULATION CASCADES I
RIBOSOME |
RETINOL METABOLISM |
Macrophages differentiation *oh S 0

l

LPS — RNAseq

Macrophages derived from post-sepsis
HSCs are metabolically impaired

@ 0 Sepsis
z HD
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FNUSA

ICRC  »Trainned immunity” — vyznam u novych pandemii? EALVCR

Pamét vrozené imunity jako nastroj pro obranu organismu pfed mikrobialni a SARS-CoV-2
pneumonii se zavaznym prubéhem

* Podstatou je epigenetické a metabolické
preprogramovani bunék vrozené imunity a jejich
hematopoetickych prekurzoru

* Mozna aktivace ockovanim

* Trainned immunity — tzv. vyskolena imunita
* Antigenni stimulace vede ke vzniku pamétovych bunék
* Poskytuje zkfizenou ochranu proti riznym patogenim

ORIGINAL ARTICLE

Cilena aktivace ,trainned immunity” (napf. pomoci BCG
vakcinace) by mohla mit ochranou roli pfi vzniku novych
pandemii, nez bude vyvinuta specificky cilena vakcina.

High CD4-to-CD8 ratio identifies an at-risk population
susceptible to lethal COVID-19

.1 .y (12 . . .3

Marco De Zuani | Petra Laznic¢kova | Veronika Tomaskova \

Martina Dvoncova® | Giancarlo Forte! @ | Gorazd Bernard Stokin*® |
e s 3 . 13 .15

Vladimir Sramek” | Martin Helan™ | Jan Fri¢™

'International Clinical Research Center, St. Anne's University Hospital Brno, Brno, Czech Republic

*Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic

*Department of Anaesthesiology and Intensive Care, Faculty of Medicine, Masaryk University, Brno, Czech Republic
“Celica BIOMEDICAL, Ljubljana, Slovenia

*Institute of Hematology and Blood Transfusion, Prague, Czech Republic
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Myeloid derived suppressor cells expansion in FNUSA
septic shock and in long-term sepsis survivors ICRC

Myeloid derived suppressor cells (MDSCs):
* heterogeneous population of immature myeloid cells
* strong immunosuppressive activity, especially on T cells

Marco

and NK cells Septic Sepsis . Healthy  oezuan
* low frequencies in healthy donors, but rapidly expand in shock survivors donors
pathological conditions (cancer, infections, ... ) o AR r [
* a pathologic role by supressing the protective immune ) )
response l {(
* few studies reported that MDSC expansion might actually PBMCs M-MDSC
be beneficial, restraining potentially damaging Unsupervised
inflammation - dual role of MDSCs in sepsis i 532 metaclustering \
* Roles in acute sepsis as well as in the long-term PMN-MDSC
complications seen in survivors. .— ~_

Short Communication |Clinical & Free Access

. ) . Basic-Clin -Y:anshlionll . S ectral ﬂow .
Human myeloid-derived suppressor cell expansion during sepsis Eytometr x (B Conventional e-MDSC
is revealed by unsupervised clustering of flow cytometric data y o gating L
Marco De Zuani, Marcela Hortova-Kohoutkova, lvana Andrejéinova, Veronika Tomaskova, Vladimir
Sramek, Martin Helan, Jan Frié & De Zuani et al.,EurJ Immunol 2021
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Myeloid derived suppressor cells expansion in

septic shock and in long-term sepsis survivors

Table 1: Cohort characteristics

FNUSA
ICRC

Study cohort
Sex

Age, mean (range)
Comorbidities, mean

BMI [kg/m?], mean
Mortality
Causative agent

TP1

TP2

D066

n
Female
Male

Hypertension, n

Peripheral artery disease, n
Asthma, n

Coronary heart disease, n

n
Soft tissue infection, n
Urosepsis, n

Mediastinitis / empyema, n
Pneumonia, n

Unknown, n

SOFA, mean

CRP [mg/l], mean

Leucocyte count [10%/1], mean
Horowitz index, mean

Noradrenalin dose [ug/kg/min], mean

SOFA, mean,

CRP [mg/l], mean

Leucocyte count [10%/1], mean
Horowitz index, mean

Noradrenalin dose [ug/kg/min], mean

12
6 (50%)
6 (50%)
64.75 (28-77)
3.25
7 (58.3%)
4 (33.3%)
3 (25%)
4 (33.3%)
27.24
5 (41.7%)
1(8.3%)
5 (41.7%)
2 (16.7%)
2 (16.7%)
2 (16.7%)

13.3
240.41
22.23
204.84
0.382

5.9
81.88
16.26

295.65
0.01

Post-sepsis cohort n 6
Sex Female 4 (66%)
Male 2 (33%)
Age, mean (range) 69.50 (60-76)
Comorbidities, mean 217
BMI [kg/m?], mean 28.78
Data at ICU admission SOFA, mean 10.00
CRP [mg/l], mean 386.78
Leucocyte count [10%1], mean 8.767
Horowitz index, mean 218.04
Noradrenalin dose [ug/kg/min], mean 0.09
Causative agent Abdominal infection, n 2 (33.3%)
Pneumonia, n 1(16.7%)
Mediastinitis / empyema, n 2 (33.3%)
Combined, n 1(16.7%)
follow-up Leucocyte count [10%1], mean 6.12
Control Cohort n 7
Sex Female 4 (57%)
Male 3 (43%)
Age, mean (range) 70.8 (63-82)
Comorbidities, mean 24
BMI [kg/m?], mean 29.79
CRP [mg/l], mean 2.75
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A:NUSA Multidimensional flow cytometry clustering demonstrates

Study overview:

ICRC  \MDSCs expansion during septic shock and in long-term survivors

 combined comprehensive flow Circulating HSPCs during sepsis oMarco
cytometry phenotyping with -
unsupervised clustering using self- B PMN-MDSC M-MDSC e-Mpsc © PMN-MDSC M-MDSC_1 M-MDSC_2
organizing maps l gl B & £ 20 “— 10| 0me 3
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Results - Unsupervised clustering confirms M- FNUSA
MDSC and PMN-MDSC expansion during sepsis ICRC

A PMN-MDSC e-MDSC Monocytes
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® @GR
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for manually gating the MDSCs populations.
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CONCLUSION FNUSA
ICRC

* we demonstrate that both M-MDSCs and PMN-MDSCs but not e-MDSCs are present at high levels in patients
with early-stage sepsis

* high levels of PMN-MDSCs were also present in long-term survivors many months after discharge, suggestinga  Marco De Zuani
possible role in sepsis-related complications.

* employing unsupervised clustering of flow cytometric data we have confirmed the likely involvement of human
MDSC subsets in acute sepsis, and revealed their expansion in sepsis survivors at late timepoints.

* the application of this strategy in future studies and in the clinical/diagnostic context would enable rapid
progress towards a full understanding of the roles of MDSC in sepsis and other inflammatory conditions.
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BACKGROUND FNUSA
Sepsis induced monocyte plasticity ICRC

Sepsis monocyte
LPS
Central role of
\ A Phagocytosis monocytes
monocyte Recovery | in sepsis:
K% monocyte « dynamic expression
LPS 3 LPS
l S changes
(Vs .
\ e reporogramming
% % « immMmunosupressive
°° ®
phenotype
/f * |long term -endotoxin
healthy 2-4 hours 1-3 months tolera nce
after hospitalization after recovery
Time
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BACKGROUND FNUSA
The breakthrough of modern therapies ICRC

A B Long-term deaths

Advanced age

Comorbidity burden
Immune dysfunction
i N Persistent inflammation
Early deaths Late deaths Chronic catabolism
_ Discharge
Inadequate Persistent organ disposition
resuscitation injury or failure
Cardiac and Immune dysfunction
>| pulmonary failure > BEUEEEGE Late deaths
E % Inadequate Persistent organ injury
= = resuscitation Nosocomial/secondary
Cardiac and infection immune
pulmonary failure dysfunction
0 10 20 30 0 30 60 90 1 2 3
Days Days Years

D6 6 CREATING THE FUTURE OF MEDICINE



Kugae cells functions are connected to immunometabolism
ICRC

A

40f15 Wl LEY B?OEssayS HORTOVA-KOHOUTKOVAET AL.

Hortova-Kohoutkova M, Lazni¢kova P, Fri¢ J, Bioessays 2021
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Successful resolution of inflammation depends on nutrient availability

supporting the adeguate metabolic profiles of immune cells.



FNUSA Immune cells functions are connected to

ICRC : :
immunometabolism
60of15 Wl LEY B?OESSHYS HORTOVA-KOHOUTKOVAET aL.
Pathogen recognition and Phagocytosis Neutrophil Extracellular Traps
inflammasome activation

The cost of immunity:

* maintaing immune system —
30% basal metabolism

e one cytokine ~ 2300ATP ~ 1150
mol. glucose

OOO

Changes in imunometabolism to:

2:::2 Receptor exposure and internalization {:? Cytoskeleton reorganization 2:::2 Cytoskeleton reorganization * increase ATP prOd uction
, _ , _ * intermedial metabolites
E::? Inflammasome assembly and activat. im Production of effectory molecules 2::} Antibacterial products (MPO)
for killing and antioxidants production
5::; Production of cytokines 5::} Membrane renewal

5:::‘ Energy consumption !::." Energy consumption and metabolic intermediates O Metabolic intermediates Y T Pattern recognition receptors * Inflammasome
Oo Pathogen associated molucules patterns % Cytokines W Pro-form domain + Antioxidants {i:'t Lysomose with antimicrobial products

@Phagosome with bacteria hExtracellular pathogen t Mitochondrion ‘f Extracellular traps

Key immune processes elicited during inflammation with consideration to energy consumption and the metabolic intermediates
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