pysregulated jmm ne Response Iin Sepsis

”Jae eok Jeong M.D., Ph. D i

! Division of Pulmonology and Critical Care Medicine, Jeonbuk National UnlverS|ty Hospltal Jeonju ﬂepubllc of Korea -
2 Korea Zoonosis Research Institute, Jeonbuk National University. Iksan, Republic of Korea.

UM




Sepsis
: Dysreqgulated host response to infection

Sepsis and Septic Shock Y o
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EPSIS, A SYNDROME OF LIFE-THREATENING, ACUTE ORGAN DYSFUNCTION o
due to a dysregulated response to infection, is a major global health burden. f
Worldwide, an estimated 48.9 million cases of sepsis and 11 million related 4
deaths occur annually.! In the United States, more than one third of in-hospital
deaths are attributed to sepsis,? at costs exceeding $38 billion in 2017, which
makes sepsis both the most common cause of in-hospital death and the most
expensive cause of hospitalization.? NETs b, Loy

Permeability

Hypofunctional myeloid cells
ol .t

Common Organ Failures
Delirium, encephalopathy
Respiratory failure, ARDS
Acute kidney injury
Shock, cardiomyopathy

KEY POINTS

SEPSIS AND SEPTIC SHOCK

Acute liver injury

« Sepsis is a syndrome of life-threatening acute organ dysfunction due to bacterial, fungal, parasitic, or
viral infection.

« Factors that affect the risk of sepsis include age, immune status, pathogen virulence, and pathogen

Clotting, bleeding, and disseminated
intravascular coagulation

Pathogen Modifying Factors Host Modifying Factors
burd og g g
urden. Load, virulence, immunogenicity, microbiome, and Age, immune status, coexisting conditions, barrier
« Sepsis is associated with long-term complications among survivors. nutrient SRRl i ibaaiuaegt and genetic factors
« Biologic features of sepsis include dysregulated inflammation, immunosuppression, and vascular

injury.

« Management of sepsis focuses on prompt infection control and hemodynamic resuscitation.

+ Research is ongoing to determine whether and how to modulate the host immune response in order
to improve outcomes.

Meyer NJ, et al. Sepsis and Septic Shock. N Engl J Med. (2024)



Immunopathophysiology of sepsis

» Extensive research has emphasized the role of dysregulated
Immune responses in sepsis pathophysiology,

 but only a few immunoadjuvant treatments have shown signals of
efficacy and robust positive findings have yet to be produced for clinical
endpoints

* The heterogeneity of immune dysregulation in patients with
sepsis explains the many failed attempts to target the
dysregulated immune response in clinical trials

Cajander S, et al. Lancet Respir Med. (2024)



Sepsis: A complex and heterogeneous state
» Concurrent proinflammatory and anti-inflammatory responses

* The heterogeneity of the immune response can be ascribed to
Age (very old over 70 YRs and very young less than 1 YR)

Different infectious causes

Sites of infection

Host genetics

Applied treatments

Rapidly changing illness dynamics of sepsis

Cajander S, et al. Lancet Respir Med. (2024)



Profiling the dysregulated immune response in sepsis
- “Precision Medicine”

Challenge leukocytes ex vivo with:
« LPS and other microbial antigens
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Sepsis is characterised by a dysregulated host immune response to infection. Despite recognition of Kynurenines
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its significance, immune status monitoring is not implemented in clinical practice due in part to the HLA-DR
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current absence of direct therapeutic implications. Technological advances in immunological profiling
could enhance our understanding of immune dysregulation and facilitate integration into clinical
practice. In this Review, we provide an overview of the current state of immune profiling in sepsis,
including its use, current challenges, and opportunities for progress. We highlight the important role
of immunological biomarkers in facilitating predictive enrichment in current and future treatment
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Immune pathology associated with

“dysregulated inflammation” in the resp. tract
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Meyer NJ, Christie JD. Genetic heterogeneity and risk of acute respiratory distress syndrome.
Semin Respir Crit Care Med. (2013)



Immune/inflammation process



“How many functionally independent cell subtypes
exist in the tracheobronchial trees and lungs?”



a Cellisolation, balancing, and sequencing

A molecular cell atlas

of the human lung

Travaglini KJ, et al. A molecular cell atlas of the human
lung from single-cell RNA sequencing. Nature. (2020)
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A molecular cell atlas of the human lung
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T cell immunity
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Mucosal immune responses to infection
and vaccination in the respiratory tract.
Immunity. (2022)



Innate and adaptive immune response magnitude

dynamics over fime
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Mettelman, RC, et al. Mucosal immune responses to infection and vaccination in the respiratory tract. Immunity. (2022)
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Innate Immune Cell-Mediated
Pathogenesis
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Acute pulmonary inflammation and
downstream responses
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Interferons (/FNs)

Type lll IFN

Typell IFN
Typel IFN

IFNAR2

IFNGR2 Cell membrane

Cytoplasm

Wang W, et al. Transcriptional Regulation of Antiviral Interferon-Stimulated Genes. Trends in Microbiology. (2017)



IFNs and
interferon-stimulated
genes (ISGs)

Virus-infected host cells

Table 1

Antiviral interferon-stimulated genes

virus

< Z

\/
IFN-a., IFN-(

N
Activate STAT1 and STAT2, which combine with
IRF9 to form ISGF3

Induce resistance to viral replication in all cells
by inducing Mx proteins, 2,5 -linked adenosine
oligomers, and the kinase PKR

Enhance sensing of viral infection by increasing
expression of PRRs and signaling components

Induce expression of IFIT proteins, which
suppress the translation of viral RNA

Increase MHC class | expression and antigen
presentation in all cells

Activate dendritic cells and macrophages

Activate NK cells to kill virus-infected cells

Induce chemokines to recruit lymphocytes

Gene symbol Targeted viruses Viral life cycle Mechanism related to
antiviral activity
ADAR HCV(r), HOV [enhances CHIKV, replication viral RNA editing, suppress PKR
HIV-1, MV, VEEV, VSV, WNV, YFV]
APOBEC3 HIV-1, other retroviruses replication cytidine deamination of viral genome
BST2 (tetherin) filovirus, FLUAV, HIV-1, LASV, VSV  egress/budding block release of nascent virions
C6orf150 (MB21D1) CHIKV, VEEV, WNV, YFV translation unknown
CD74 HIV-1 replication unknown
DDIT4 HCV translation unknown
DDX58 (RIG-1) numerous RNA and DNA viruses translation, replication  viral sensing, activation of IRFs
DDX60 HCV, PV, VSV translation (HCV) promote RIG-1-like receptor signaling
EIF2AK2 (PKR) numerous RNA and DNA viruses translation targets EIF2A
GBP1, GBP2 EMCV, HCV(r), VSV replication unknown
HPSE CHIKV, VEEV, WNV, YFV unknown unknown
IFl44L HCV translation unknown
IFI6/G1P3 HCV(r), YFV unknown unknown, possibly antiapoptotic
IFIH1 (MDAS) numerous RNA and DNA viruses translation, replication  viral sensing, activation of IRFs
IFIT1/2/3/5 FLUAV, HPV, MHV', RVFV, SINV, translation, replication  target EIF3 subunits, target
VSV, WNY' HPV helicase, bind 5'-triphosphate
RMNA
IFITM1/2/3 DEMNV., filovirus, FLUAV, HIV-1, entry unknown, possibly target endocytic
SARS-CoV, VSV, WNV, YFV pathway
IRF1 numerous RNA and DNA viruses similar to IFN IFN induction, direct 1SG induction
IRF7 numerous RNA and DNA viruses similar to IFN IFN induction, direct I1SG induction
ISG15 FLUAV, HIV-1, HSV-1, JEV, various modulate protein function by
MHV-68, SINV, VWAE3L ISGylation
1SG20 BVDV, DENV, EMCV, FLUAV, viral RNA synthesis exonuclease activity
HCV, SINV, VSV, WNV(v), YFV
MAP3K14 (NIK) HCV translation unknown, possibly NF-xB
activation
MOV10 HIV-1, HCV post-entry (HIV-1) unknown
MS4A4A HCV translation unknown
MXT (MxA) CVB, FLUAV, HCV(r), HPIV3, primary transcription, formation of highly ordered
LACV, MV, SFV, THOV, VSV, nucleocapsid shuttling  oligomers
others
MX2 (MxB) HIV-1, HNTV, LAGV, RVFV, VSV unknown unknown
NAMPT (PBEF1) VEEV, WNV unknown unknown
NTSC3 HCV translation unknown
QAS1/2/3 CHIKV, DENV, EMCV, HCV(r), replication activate RNasel to degrade
SFV, SINV, WNV viral genome
OASL HCV, HCV(r) translation unknown
P2RY6 CHIKV unknown unknown
PHF15 WNV unknown unknown
PML (TRIM19) numerous RNA and DNA viruses various organize multiprotein nuclear bodies
RSAD2 (viperin) DENV, DENV(v), FLUAV, HCMV, egress (FLUAV) perturb lipid rafts (FLUAV),
HCV(r), SINV, WNWV(v) promote TLR7/9 signaling
RTP4 YFV unknown unknown
SLC15A3 CHIKV unknown unknown
SLC25A28 CHIKV unknown unknown
SSBP3 HCV translation unknown
TREX1 (AGS1) YFV unknown unknown
TRIMS HIV-1, other retroviruses before reverse target incoming capsids,
transcription promote innate signaling
TRIM25 FLUAV, VSV similar to IFN activate RIG-| via ubiquitination
SUNZ2 (UNC84B) HIV-1 unknown unknown
ZG3HAV1 (ZAP) EBOV, FLUAV, MBGV, post-entry, translation  target viral RNA, promote

NDV, retrovirus, SINV

RIG-I signaling

Janeway’s immunobiology. 10" ed.
Schoggins JW, et al. Interferon-stimulated genes and their antiviral effector functions. Curr Opin Virol. (2011)



Cell

Imbalanced Host Response to SARS-CoV-2 Drives
Development of COVID-19
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In Brief
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viruses, SARS-CoV-2 infection drives a
lower antiviral transcriptional response
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Blanco-Melo D, et al. Imbalanced Host Response to SARS-CoV-2 Drives Development of COVID-19. Cell. (2020)
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Cytokine

Pathogen level differences in immune dysregulation
: Influenza vs. SARS-CoV-2 infections
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Mudd PA, et al. Distinct inflammatory profiles distinguish COVID-19 from influenza with limited contributions from cytokine storm. Science Advances. (2020)



Genomic signature of viral infection
: pathogen specific / pathogen agnostic signature

Influenz

Multi-Cohort Analysis
Framework
u

@

Influenza-specific
transcriptional signature

IMS
& N\
Correlates with

vaccine responses

Public data

transcriptional signature

AT—

Diagnostic and

Prognostic

396 genes

SV

Multi-Cohort Analysis

HRV
/

Framework
A

Common viral

MVS

Distinguishes from
bacterial infections

Pathogen specific

A GSE34205 B GSE42026 c GSE38900
e Influenza e Healthy e RSV e Influenza e Healthy e RSV e Influenza A
* HRV
\ | ® RSV A L
2 '.A: 8 2 {a 5 2 e Healthy o !
% 3 i % § i S % { 2 E
s 1 B . 4 v ¥y : | ; .
§ " = g £ g > 3 §
g E ¥ L 2 B 2 4% :
o’ o & rig %
| -2
1.17€-08 0t 3:84E:07 6.11E-02 — 2 1.09E-04
Pathogen agnostic
D GSEB4205 E GSE42026 F GSE38900
3 e Influenza e Healthy e RSV I 3 e Influenza e Healthy e RSV 3 : ::u\:lmA ’W‘
i © RSV E
2 2 A 2 e Healthy | |
® = “ ® " i e f 7‘!'
§ 0 b % ) 2: § ) & 2 e § 0 4 I. ' i \ ;
¢ ) o % ¢ 4 ‘ g p | ‘ 5 |
2 B % . = 3 & _ I E i : ¥
;s > | S | L | 7 1
2 y Not Significant 2 Mot Signifcent % L_soterr | |
il — e — SR 2.14e13 12008 50de-15
SARS-CoV-2 Chikungunya Chikungunya Ebola
Greece Brazil, PRUNA507472 Nicaragua,PRJNA390289 Guinea,PRINA352396
204{RA=077 254 R=077 15| A=0.78 R =033
= p(JT test) = 1.6e-14 0 p(JT test) = 6.3e-09 W 8 p(JT test) = 6.9e-13 2.04 PUT test) = 1.8e-05
o I { '#‘) 1.0 H 1.5
g 10 ! s
® 05{ H I 1 [ @
= yi: L |
0.01 ¢ T‘; f & 0.0 % 0.5
-05{ W : _05H 0.0
MY ol qicd  gatd Y Lo Wi oS erate oS wed  gard
e hod Ce ve o oyr? "o oyrP oo o oyr? Cf

Andres-Terre M, et al. Integrated, multi-cohort analysis identifies conserved transcriptional signatures across multiple respiratory viruses. Immunity. (2015)
Zheng H, et al. Multi-cohort analysis of host immune response identifies conserved protective and detrimental modules associated with severity across viruses. Immunity. (2021)



Conserved host response
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Profiling the dysregulated immune response
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Inflammatory Cell Death & Cytokine Storm Synd.
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Karki, R. et al. The ‘cytokine storm’: molecular mechanisms and therapeutic prospects. Trends Immunol. (2021)




Regulated Cell Death in the Immune System

Cell Death Flasma . Receptors : : .. . ) .
Pathway Mue:ltub:ne Cell Types Triggers (Sensors) Signaling Pathway Immunogenicity Physiological Examples Pathological Role
Extrinsic [Not always All cells, death Death receptor ligands | Death FADD, caspase-8, No, immunologically AICD, cytotoxic T cells Failure to induce extrinsic
apoptosis br late receptor expression receptors caspase-3, caspase-7 silent apoptosis (espedally by
required Fas/CD95) results in ALPS
Intrinsic [Ves, late All cells Various: eg, DNA Bcl-2 family Cytochrome ¢, APAF], | Mostly immunclogically AICD, T cell and B cell Failure in intrinsic apoptosis
apoptosis damage, ER stress, caspase-9, caspase-3, silent, immunogenic development, can contribute to development
growth factor caspase-7 apoptosis can occur under | development of the of cancer
withdrawal special circumstances NErvous system
Mecroptosis | [Yes, early All cells, death Death receptor Death RIPK1, RIPE3, MILEKL | Yes Organ development, Possible role in organ damage
receptor or TLR ligands, TLE ligands, receptors {inhibited by caspase- clearance of virus infected | after ischemia reperfusion
expression required | Z-nucleic acids TLEs (via 8) cells injury. Failure to engage the
TRIF), ZEF1 necroptosis pathway can
sensitize for lethal virus
infection
Pyroptosis Yes, early Predominantly Various cytosolic MNLEs and Caspases-1, caspase-11 | Yes Clearance of virus or Excess pyroptosis leads to
myeloid, PAMPs and DAMPs, Al EREs in mice; caspase-1, bacteria infected cells, organ failure during sepsis.
endothelial, and eg, dsDMNA, uric acid caspase-4, and attraction of neutrophils FPyroptosis-assodated IL-1
epithelial cells crystals, bacterial caspase-b in humans; and other immune cells cytokines promote joint
toxins, flagellin and gasdermin D inflammation in rheumatoid
arthritis
METosis [Not always Neutrophils Extracellular PAMPs Unknown Gasdermin D Unknown Killing of extracellular Failure to clear NETs can
or DAMPs bacteria induce autoimmunity
Ferroptosis [Yes, early Variable, although Cysteine deprivation, MNone Fenton reaction Mo Response to Possible role in ischemia
many transformed inhibition of system pharmacologic inhibitors reperfusion injury
cells are sensitive X, inhibition of GPX4 of system X, GPX4,
possibly killing of tumeor
cells by cytotoxic
Iymphocytes

AICD, activation-induced cell death; ALPS, autoimmune lymphoproliferative disease; ALR, AlM-like receplor; APAF1, apoplosis protease activating factor 1; DAMP, danger-associated molecular pattern; FADD, Fas-associated protein with death domain;
GPX4. glutathione peroxidase 4; IL-1, interleukin-1; MLKL, mixed lineage kinase domain-like pseudokinase; NET, neutrophil extracellular tfrap; MLR, NOD-like receptor; PAMP, pathogen-associated molecular pattern; RIPK, receptor-interacting
serinefthreonine protein kinase 1; TLR, Tol-like receptor; TRIF, TIR domain—containing adapler-inducing interferon-beta; ZBP1, Z-DMNA binding protein 1.

Paul’s Fundamental Inmunology 8% ed.




Dysregulated immune response from recruited cells
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Fig. 2 NET formation pathways. NET formation can be categorized into two main pathways. The first type is the classic pathway known as
NETosis, which initiates with nuclear lobulation, followed by disassembly of nuclear membranes, loss of cellular polarization, chromatin
decondensation, and eventual rupture of plasma membranes. An alternative pathway is termed non-lytic NETosis which can occur without
cell death, where chromatin expulsion is accompanied by the release of granular proteins. These components are formed extracellularly,
leaving behind active anucleate phagocytes with capabilities for microbial phagocytosis and chemotaxis. This figure was created by Adobe
Photoshop CS6 (Adobe Systems, USA)

Zhang J, et al. Dysregulation of neutrophil in sepsis: recent insights and advances. Cell Commun Signal. (2025)

Wang H, et al. Neutrophil extracellular traps in homeostasis and disease. Signal Transduction and Targeted Therapy. (2024)
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Viral Infection-Induced Ferroptosis

molecular analysis demonstrates upregulation of
interferon signaling, recapitulating findings of
human illness. We also present the first and most
robust lipidomic analysis in an animal model of
SARS-CoV-2 infection. These findings demon-
strate utility of hamsters as an experimental model

of COVID-19 ARDS.
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Adaptive Immune Cell-Mediated
Pathogenesis



Innate and adaptive immune response magnitude
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Crosstalk between Innate & adaptive immunity
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Protracted sepsis

: Immunosuppression

a Effects of protracted sepsis on the innate immune system

NK cell

Follicular Dendritic cell Neutrophil MDSC
dendritic cell
T Apoptosis T Apoptosis T Anti-inflammatory T Apoptosis T Release of immature | | T Apoptosis
1 Antigen 4 Antigen cytokine secretion | Cytotoxic neutrophils { Cytotoxic function
presentation presentation 4 HLA-DR expression function TIL-10 secretion I Cytokine secretion
to B cells to T cells 4 Pro-inflammatory | Cytokine 1 Apoptosis
{ Cytokine cytokine secretion secretion 4 Reactive oxygen
secretion 4 Pathogen killing species release

b Effects of protracted sepsis on the adaptive immune system

CD4* Tecell

CD8* Tcell

eg cell

4 Nitric oxide release
{ Expression of
adhesion markers

B cell

* Cell exhaustion

T Apoptosis

1 T,2 cell polarization

{ Adhesion molecule
expression

1 CD28 expression

4 TCR diversity

¢ Cell exhaustion
T Apoptosis
1 Cytotoxic function

! Cytokine secretion
L TCR diversity

* Resistance to apoptosis
T Suppressive activities

T Apoptosis
1 Antigen-specific
antibody production

CD4

CD8

HLA

Trauma

NS

Sepsis Trauma

Splenic CD4* T cells

Splenic CD8* T cells

Splenic HLA-DR expression

Hotchkiss RS, et al. Sepsis-induced immunosuppression: from cellular dysfunctions to immunotherapy. Nat. Rev. Immunol. (2013)




Persistent inflammation, Immunosuppression, and
Catabolism syndrome (PICS)
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PICS: persistent inflammation, immunosuppression, and catabolism syndrome, DAMP: danger associated molecular pattern, PAMP: pathogen-associated molecular pattern, MDSC:
myeloid-derived suppressor cell, IGFBP-3: insulin-like growth factor binding protein 3, IP-10: interferon gamma-induced protein, IPA: indole-3-propionate, sPD-L1: soluble
programmed death ligand-1, SDF: stromal cell derived factor, VEGF: vascular endothelial growth factor, GLP-1: glucagon-like peptide-1, Ang2: angiopoietin 2, DIC: disseminated
intravascular coagulation, ECMO: extracorporeal membrane oxygenation, UCR: urea: creatinine ratio, CCI: chronic critical illness

Chadda KR, et al. Risk factors, biomarkers, and mechanisms for persistent inflammation, immunosuppression, and catabolism syndrome (PICS): a systematic review and meta-analysis. Br. J. Anaesth. (2024)
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Examples for immune phenotyping (BALF)
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Extension of MVS Score
Inclusion of many Infectious disease with Neutrophil Signature

Immunity

A conserved immune dysregulation signature is
associated with infection severity, risk factors prior
to infection, and treatment response

Gene modules in SoM signatures are cell type-specific
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Conserved Immune Dysregulation
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Aging and immunosenescence
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Hallmarks of T cell aging
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Altered immune interaction and pathology
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Neutrophil-lymphocyte ratio (NLR) in sepsis
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Mitochondrial Dysfunction & T Cell Aging
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Metabolic senescence
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Fig. 1. Summary of the impact of age on T cell
function and metabolism. Young naive T cells
have low energetic requirements fuelled by
OXPHOS. Activation drives upregulation of
both aerobic glycolysis and OXPHOS alongside
T cell proliferation and cytokine production.
The resulting effector T cells demonstrate
metabolic flexibility, with engagement of aero-
bic glycolysis supporting PPP and OCM, and
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ces of TCA cycle substrate such as gluta-
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than naive T cells through FAO. Memory T cells
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cells have elevated basal TCR signaling and
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blunted, alongside TCR signalling, T cell pro-
liferation and cytokine production. With tran-
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tions are enhanced too, such as NK cell ligands
and production of granzymes, such as Gran-
zyme K.
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Figure 3. Energy production by naive B cells undergoing activation. Naive B cells isolated from PBMCs of younger (circles) or aged
(squares) individuals were cultured for 24 hours with (closed symbols) or without (open symbols) polyclonal activators and then tested by
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Ferroptosis and Aging
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Host factors such as co-morbidities
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Immune pathology associated with

“dysregulated inflammation” in the resp. tract

GE GD GO
o5 MIF Sepsis- or Pneumonia-
SERPINE1 associated ARDS

Exposure ARDS Outcome FAS PLAU

Sepsis Mortality FTL SOD3
Pneumonia

Trauma HMOX2 TIRAP

Gp G IL32 TLR1

Chemoprevention Treatment IRAK3 TNFA

TNFB

Mixed ICU ARDS

ANGPT2 IL8
NFKBIA NFE2L2
VEGFA NQO1

ILIRN PPFAI

Trauma-associated
ARDS

Meyer NJ, Christie JD. Genetic heterogeneity and risk of acute respiratory distress syndrome.
Semin Respir Crit Care Med. (2013)



Change in elastance (%)

Loss of ACE2 Homeostatic Regulation
Dysregulation of the Renin-Angiotensin System
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Renin-angiotensin system (RAS) in ARDS
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Systemic Cascade
: Endothelial Damage, Inflammation, and Hypercoagulability

Clinical outcomes

* Deep-vein thrombosis
* Pulmonary embolism
* Myocardial injury and

T Vascular i 53 IL LQ &
. 1 = Stroke S VN
Endothelial cell THypoxia  permeability 7 Sepsis k\ E
’:* ‘- * Endothelial damage y l
3 ‘—— * Endotheliitis — 1p electin | HIF
{-_"53 * Pyroptosis I\
g e N
I LACEZ%‘ :-JKTMPRSS
’i:' Cytokines and
SARS-CoV-2 chemokines « TICAM
. :t—g » TVCAM j
o = ovp3 integrin Proinflammator -
ol- A Y
/\ - caly I Monocyte . ookings " ——7
. [ i 3 &
LAng1-7  TAngll — | {R-P'?FNTES Complement —| 3 i~ 1E— TF pathway y
. * CRP S 1 AT T RVl ) Insufficient
activation ‘m Impairment of removal
 Vasodilatation TF anticﬁagulant
Coagulation mechanisms /
DAMPs
T Vasoconstriction T Fibrin . ¥
\ — . 4
TFPI | [ty Plasminogen
T Fibrinogen = activator inhibitor 1
o T Al =% Activation of
i ot dothelial cell
1 Vascular tone (t;zgi{:;";g?;) — “J )+ NETosis + Polyphosphates -+ Contact pathway Cross-linked fibrin Adulaliitaalo
SRS ’
Vessel lumen Neutrophil I ‘%@ ¥
TLR T b-dimer
|
Platelet ) Figure 2. Pathogenesis of Disseminated Intravascular Coagulation in Sepsis.
activation Consumption of
Plasminogen coagulation factors Through the generation of proinflammatory cytokines and the activation of monocytes, bacteria cause the up-regulation of tissue factor
and platelets as well as the release of microparticles expressing tissue factor, thus leading to the activation of coagulation. Proinflammatory cytokines
TPAI-1 — tPA —— + also cause the activation of endothelial cells, a process that impairs anticoagulant mechanisms and down-regulates fibrinolysis by gener-
S . COV'?-lg-associated _J ating increased amounts of plasminogen activator inhibitor.
Plasmin —  Fibrinolysis coagulopathy

Gorog DA, et al. Current and novel biomarkers of thrombotic risk in COVID-19: a Consensus Statement from the International COVID-19 Thrombosis Biomarkers Colloquium. Nat Rev Cardiol. (2022)
Hunt BJ. Bleeding and coagulopathies in critical care. N. Engl. J. Med. (2014)



Lethal Culmination:
Hypoperfusion and Multi-Organ Failure
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SARS-CoV-2 Host Cell Entry
: The Dual Role of ACE2 and the Coagulation System
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Epithelial Injury
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Benefits of utilizing scRNA-seq.
o N 03
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EfL\g\ Hybdm Gen lmdl Om.lcs 2
(1971) (1975)

(1989)

ration sequencing Bulk omics
(2005)

E@ﬁ

« Deconstructing airway and/or lung tissues into their component cells provides a

unique lens into the cellular ecosystem of human airway inflammatory conditions
helping us to

(1995)

(2006)

(2013)

£

» Characterize each major cell type without the biases that are typically introduced by pre-
selection of markers

» Evaluate cell types and/or states with disease-associated transcriptional differences
Reconstruct tissue-level dynamics

Computationally interrogate cell-cell interactions using known ligand-receptor interactions

Bonaguro L, et al. A guide to systems-level immunomics. Nat Immunol. (2022)



Revised cell repertoire of human airway epithelium
captured by single-cell RNA sequencing (scRNA-seq.)
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Anatomical region

Method of obtaining
samples for scRNA-seq studies

Upper Nasal cavity Alnsay
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Larynx and biopsies
-Trachea g:f:sh.ings.anbd endr:)bronchial
lower psies via bronchoscopy
respiratory BAL via bronchoscopy
tract | Bronchi
Bronchioles Parenchymal tissue

Respiratory zone [Alveoli

Hewitt RJ, Lloyd CM. Regulation of immune responses by the airway epithelial cell landscape. Nat Rev Immunol. (2021)

Surgical lung biopsy
and explants




“Respiratory epithelium” T
: More than just a barrier !! .

~
o
Clustering | =——> <§<
= Differential
expression ana lysis

tueusJ cells i v -
* This collection of specialized epithelial cells )
lining the airways,

 Responds to microbes and noxious stimuli that
overcome the mucociliary barrier

« Vital component of host defence, inferacting with asaat

ulmonal
Basal 1l  Pheoen docrine Basal Suprabasal lonocyte
cell cell

cells of the immune system L M I S

Method of obtaining
samples for scRNA-seq studies

Airway
Nasal brushings
and biopsies

Brushings and endobronchial

 Epithelial dysfunction is a driver of
numerous chronic diseases affecting the
lungs.

biopsies via bronchoscopy

> BAL via bronchoscopy

| Parenchymal tissue

Surgical lung biopsy
and explants

Hewitt RJ, Lloyd CM. Regulation of immune responses by the airway epithelial cell landscape. Nat Rev Immunol. (2021)



... Noteworthy is the
inconsistent annotation

of secretory cell types,

including club cells and

goblet cells, between
single-cell studies due to
overlapping gene
expression

signatures

Cell type

Basal cells

Suprabasal cells

Secretory — club and
goblet cells

Selected human marker genes

KRT5, TP63, KRT14, PDPN,NGFR,
LGALS1,ITGAG, ITGB4, LAMA3, LAMBS,
KRT15,5100A2, NPPC, BCAM, DST

KRT5, TP63 low, KRT19, NOTCH3
SCGB1A1 (club cells), MUCS5AC (goblet

cells), MUCSB, TFF3, SCGB3A1, BPIFBI,

Deuterosomal cells

Ciliated cells

Mucous-ciliated cells

Rare cell types
lonocyte

Pulmonary
neuroendocrine cells

Tuft/brush cells

‘Hillock’ cells

MSMB, SLPI, WFDC2

DEUP1/CCDC67,FOX]1, FOXN4,
CDC208B

FOX]1, PIFO, TPPP3, SNTN, FAM183A,
LRRIQI, DNAH12, C200rf85,SNTN,
CAPS, TUBB4B, DNAHS5, TSPAN1

FOXJ1, MUC5AC

FOXI1,CFTR,ASCL3, RARRESZ
ASCL1,CHGA, CGRP,INSM1,HOXB5

DCLK1,RGS513,POUZF3,ASCL2, LRMP,

KRT13,KRT4

Proposed function

Main airway stem cells—regeneration, repair
of epithelial lining

Intermediate between basal and club cells

Secretion of mucus, antimicrobial and
anti-inflammatory peptides

Precursor of ciliated cell characterized by genes
critical to centriole amplification

Clearance of mucus and debris

Differentiation intermediate between goblet and
ciliated cells in homeostatic and diseased airways

lon transport, fluid and pH regulation

Environmental sensor — signals to CNS

Immune and taste sensor, leukotriene synthesis,
links to type 2 immunity

Transitional cell type between basal and secretory;
located in stratified, non-ciliated structures with
high cell turnover; postulated to play a role in
squamous barrier function and immunomodulation

CNS, central nervous system; scRNA-seq, single-cell RNA sequencing. Selected marker genes used to assign a cell type to clusters

in single-cell transcriptomic studies. Derived from REF

S 10,19,22-24,30,67

Hewitt RJ, Lloyd CM. Regulation of immune responses by the airway epithelial cell landscape. Nat Rev Immunol. (2021)



The contribution of basal cells to the proliferation
compartment per airway-diameter group

TABLE 2 100
NUMBER OF ASSESSED AIRWAYS, TOTAL NUMBER OF EPITHELIAL CELLS

PER MILLIMETER OF BASEMENT MEMBRANE* @ g
Airway diameter go para-
=4 mm =2mm, <4 =0.5mm, <2 < 0.5 mm Total or Mean B basal
Q£ 60 cells
Number of assessed airways 24 24 23 21 92 IS
Number of assessed epithelial cells 36,093 30,619 19,011 16,117 101,800 o
Mean number of epithelial cells/mm basement membrane 338 21 223 173 266 8 40
Basal cells, mean = SD % 317 307 2317 6+4 235 &0
Parabasal cells, mean = SD % 7+4 32 1+2 0 31 5, basal
MIB-1-positive cells, mean = SD % 1.02 = 0.41 0.85 = 0.50 0.87 = 0.43 1.01 = 0.98 0.87 = 0.30 g cells
MIB-1-positive basal cells, mean = SD % of proliferation fraction 51+9 55 =7 5315 30+9 48 + 26 o 20
MIB-1-positive parabasal cells, mean = SD % of proliferation fraction 336 18 = 11 87 0 156+ 14
* Basal, parabasal, and MIB-1-positive cells are expressed as percentage of epithelial cells per airway-diameter group. MIB-1-positive basal and parabasal cells are expressed as per- 0
centage of the proliferation fraction (i.e., all MIB-1-positive epithelial cells). .
>=4mm 2-<4mm 05-<2mm < 0.5mm

airway diameter

Boers JE, et al. Number and proliferation of basal and parabasal cells in normal human airway epithelium. AJRCCM (1998)
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Gland-associated immune niche (GAIN)
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cation of a previously undefined immune niche for

sma cells at the airway submucosal glands (SMG).

Madissoon E, et al. A spatially resolved atlas of the human lung characterizes a gland-associated immune niche. Nat Genet. (2023)
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Madissoon E, et al. A spatially resolved atlas of the human
lung characterizes a gland-associated immune niche.
Nat Genet. (2023)
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What is an endoplasmic reticulum (ER) and ER stress?

Three-Dimensional
Endoplasmic
Reticulum «

Ribosomes “\Lk 4

Nuclear envelope

Nucleus

Endoplasmic reticulum (ER)

\ & i‘i e = € A specialized organelle that plays a central
e B Y y N role in the biosynthesis, correct folding, and
a_ R post-translational modifications of secretory

and membrane proteins.

Rough endoplasmic

reticulum
€ Highly sensitive to stresses that perturb
Smooth endoplasmic reticulum
cellular energy levels, redox state, or Ca2+
Environmental or genetic factors concentration.

Alzheimer’s disease

zarkinson’s disease ...Stress reduces protein folding capacity of the ER,
ancer

Obesity resulting in the accumulation and aggregation of
Diabetes - unfolded proteins, which is referred to as “ER stress”...

Gaut JR, Hendershot LM. Curr Opin Cell Biol (1993)
HOSOI T and OZAWA K. Clinical Science (2010)
Kaufman RJ. J Clin Invest (2002)
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Inhibition of endoplasmic reticulum stress
alleviates lipopolysaccharide-induced
lung inflammation through modulation of
NF-«xB/HIF-1a signaling pathway

Healthy [ Healthy
subjects Patients subjects Patients a C
: : Con Pre 6h 12h 36h 48h 72h Con Pre 6h 12h 36h 48h 72h
T S CHOP B — a
GRP78 L — —— CHOP — ———
i e o s e 2 e 8 actin
actin actin
d
6 # 14 # b
> 12 z
4 g g
E 3
H $
2 = =
e
Healthy _ Patients Healthy Patients Con Pre 6h 12h 36h 48h 72h Con Pre 6h 12h 36h 48h 72h
subjects subjects
GRP78 CHOP DAPI Merge

LPS+PBS SAL+PBS

LPS+PBA

104 cells/iml

H&E

Micro-CT

EBD (ng/mg)

w
=3

N
o

-
o

Protein (ug/ml)

SAL+PBS LPS+PBS LPS+PBA

1500

1000

o
=3
=}

SAL+PBS LPS+PBS LPS+PBA

LPS+PBS “

LPS+PBA |

NF-xB (Nuc)

NF-kB (Cyt)

NF-xB (Nuc)
Relative intensity
brodi s

1.2
1.0

o
@
psuajul aanejey

(340) g@¥-aN

=
Y
A

IxBo. | - o—
actin | N G —
d 1.5

2

w

§ 1.04 *
E

2

3_30.5— #

Q

o

o

HIF-1a

HIF-18

» o

N

Relative intensity

JS Jeong, et al. Sci Rep. (2013)



Mitochondria and ER in innate immune response

) ) 7’
MFN2_ Q ‘ 4/ _MFNT MEN2
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S \ Mitochondrial) | < 4
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'ER‘

Both PAMPs and DAMPs trigger innate immunity following detection by PRRs.
PRR activation leads to ER-Inflammasome-Mitochondrial fusion.

Arnoult D, et al. EMBO reports. (2011)



Mitochondria and ER in innate immune response
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» Mitochondrial fission
» Mitochondrial AYm
» Cell death

» Autophagy +

On induction of mitochondrial ROS, NLRP3 localizes to the mitochondrial-associated ER membrane (MAM) with
ASC and pro-caspase 1, inducing caspase-1 activation and the production of IL-13 and IL-18.

Arnoult D, et al. EMBO reports. (2011)
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ORIGINAL ARTICLE
Phosphoinositide 3-kinase-& regulates

fungus-induced allergic lung inflammation
through endoplasmic reticulum stress

Kyung Sun Lee," Jae Seok Jeong,® So Ri Kim," Seong Ho Cho,* Narasaiah Kolliputi

Yun Hee Ko,"# Kyung Bae Lee, " Suk Chul Park,"* Hae Jin Park, Yong Chul Let

ABSTRACT

Background Sensitisation with Aspergillus fumigatus
(Af) is known to be associated with severe allergic lung
inflammation, but the mechanism remains to be
darified. Phosohainositide 3-kinase (PI3K)-8 and
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Fungus-induced steroid-resistant

* ER stress in ALI

+ ER stress and IL-17A * The National Health

Insur; ervice e National

u « ER stress in asthma + ER stress and PI3K delta = Sample Cohort (NHIS-NSC)
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+ Roles of mitochondrial + Interplays between PI3K delta, v ﬁ;g :t‘{""‘g“‘:‘:“;‘ A (bulk,
oxidative stress in asthma Mitochondrial oxidative stress -
and NLRP3 inflammasome B anseriplomic

+ United Airways
+ Respiratory viral infections
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BEAUTIFUL IMAGES OF ALLERGIC INFLAMMATION

“The elegant images in figures 2 and 6 could be from the Hubble
space telescope but are in fact confocal laser immunofluorescence
photomicrographs”.

thorax.bmj.com

Editors-in-chief, Highlights from this issue Jeong JS, et al. Thorax. (2016)
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ORIGINAL ARTICLE
Airway epithelial phosphoinositide 3-kinase-6

contributes to the modulation of fungi-induced innate

immune response
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Roles of subcellular organellar complex for severe asthma

* ER stress/ImtROS/NRLP3 inflammasome

Both eosinophilic and neutrophilic severe asthma
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Eosinophilic severe asthma (in association with
cytoplasmic organellar complex)

Fungal exposure
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evere eosinophilic allergic inflammation




An overview of the pulmonary milieu during
an “acute respiratory viral infection”

VS.

. i . Successful alveolar regeneration Dysfunctional alveolar regeneration
—— QOptimal response and recovery after infection
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Wei X, et al. Host Recovery from Respiratory Viral Infection. Annu Rev Immunol. (2023)



Potential impact of previous RSV infection on the

severity of COVID-19
: “Chronic pulmonary sequelae”

RSV =YES RSV =YES
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Potential impact of RSV infection on the incidence of
the “subsequent fungal infection”

NHIS-2024-4-002

3,516,619 patients
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[Key Takeaways]

Different points of immune dysregulation in ARDS

1. Imnmune/inflammation processes
» Cell-intrinsic anti-microbial responses and different shaping of immune responses
* PRRs: Characteristic pro-inflammatory/IFNs balance (bacteria, viral, fungal, etc.)
» Dysregulated immune response by recruited cells (e.g. NETosis)
» Dysregulated cell death in CSS

 Dysregulated adaptive responses: Protracted immune response and
immunosuppression

* Immune senescence, potential implication of bystander cell activation

2. Endothelial injury

» Dysregulated RAAS with inflammation: Increased permeability and vasoconstriction
* NETosis and ferroptosis: Platelet accumulation, clotting, coagulation

3. Epithelial injury
» Secretory cells: Immunomodulatory and regenerative roles
» Rely on proper ER and mitochondrial function, Susceptibility for ferroptotic cell death?

» Chronic pulmonary sequelae with long-term effects: Subsequent infections (virus,
fungi, etc.)
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Type | interferons during “viral infection”

a Host protection b Chronic immunosuppression

Typel
Virus IFNs Type | IL-10
) [+]

oo
# Infected cell /

Vacuole (
(NGO
N—r -

\Viral W

Viral - QONNOT
products

Bystander cell

Cytosol

¢ Acute immunopathology

Type | IFNs

Inflammatory
monocyte

()
Typeol ﬁ:Ns Z/;\ 7,'Antiviral L?gnza ’

antibody

TRAIL

‘ Induction of apoptosis ’

Epithelial Apoptotic
cell layer epithelial cell

McNab F, et al. Type | interferons in infectious disease. Nat Rev Immunol. (2015)



Mechanisms of interferon action

“non-viral infections”

Other
sources

Type | IFNs
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UMAP_2

Dysregulated bronchoalveolar immune landscapes
in patients with “severe COVID-19”
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