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Sepsis
: Dysregulated host response to infection

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”

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



Immune pathology associated with 
“dysregulated inflammation” in the resp. tract

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 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)



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)



Mucosal immune responses to infection 

and vaccination in the respiratory tract. 

Immunity. (2022)

Innate immunity

T cell immunity B cell immunity



Innate and adaptive immune response magnitude 
dynamics over time

Mettelman, RC, et al. Mucosal immune responses to infection and vaccination in the respiratory tract. Immunity. (2022)

Sette A, et al. Adaptive immunity to SARS-CoV-2 and COVID-19. Cell. (2021)



Innate Immune Cell-Mediated 
Pathogenesis



Pattern Recognition Receptors (PRRs)

Cellular and Molecular Immunology (10th ed.)



Acute pulmonary inflammation and 
downstream responses

Metelman RC, et al. Mucosal immune responses to infection and vaccination in the respiratory tract. Immunity. (2022)

Steinbrink JM, et al. Pathogen class-specific transcriptional responses derived from PBMCs accurately discriminate between fungal, bacterial, and viral infections. PLoS ONE. (2024)



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

Interferons (IFNs)



Schoggins JW, et al. Interferon-stimulated genes and their antiviral effector functions. Curr Opin Virol. (2011)

Janeway’s immunobiology. 10th ed.

IFNs and 
interferon-stimulated 
genes (ISGs)



Blanco-Melo D, et al. Imbalanced Host Response to SARS-CoV-2 Drives Development of COVID-19. Cell. (2020)

Clinical Samples (PBMCs)

&

In vitro Models: Cell lines 

(Epithelium)



Grant RA, et al. NU SCRIPT Study Investigators. Circuits between infected 

macrophages and T cells in SARS-CoV-2 pneumonia. Nature. (2021)

Bronchoalveolar lavage Fluids



Mudd PA, et al. Distinct inflammatory profiles distinguish COVID-19 from influenza with limited contributions from cytokine storm. Science Advances. (2020)

Pathogen level differences in immune dysregulation
: Influenza vs. SARS-CoV-2 infections

Blood Samples (PBMCs)



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

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)

Pathogen specific

Pathogen agnostic

396 genes



Conserved host response
: “Pan-viral trajectory”

Zheng H, et al. Multi-cohort analysis of host immune response identifies conserved protective and detrimental modules associated with severity across viruses. Immunity. (2021)

SOM score (Severe Or Mild score)



Profiling the dysregulated immune response

Cajander S, et al. Profiling the dysregulated immune response in sepsis: overcoming challenges to achieve the goal of precision medicine. Lancet Respir. Med. (2024). 



Inflammatory Cell Death & Cytokine Storm Synd.

Karki, R. et al. The ‘cytokine storm’: molecular mechanisms and therapeutic prospects. Trends Immunol. (2021)



Regulated Cell Death in the Immune System

Paul’s Fundamental Immunology 8th ed.



Dysregulated immune response from recruited cells
: Neutrophil (NETosis)

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)



Inflammasomes

Cellular and Molecular Immunology (10th ed.)



Jeong JS, et al. Thorax (2018) 



Jeong JS, et al. SARS‐CoV ‐2 infection in severe asthma is associated with worsening of COVID ‐19 through respiratory NLRP3 inflammasome activation. Allergy. (2023)



Bednash JS, et al. Syrian hamsters as a model of lung injury with SARS-CoV-2 infection: Pathologic, physiologic, and detailed molecular profiling. Translational Research. (2022)

Viral Infection-Induced Ferroptosis



Adaptive Immune Cell-Mediated 
Pathogenesis



Innate and adaptive immune response magnitude 
dynamics over time

Mettelman RC, et al. Mucosal immune responses to infection and vaccination in the respiratory tract. Immunity. (2022)

Sette A, et al. Adaptive immunity to SARS-CoV-2 and COVID-19. Cell. (2021)



Crosstalk between Innate & adaptive immunity

Lindsay CV, et al. Endometrial responses to bacterial and viral infection: a scoping review. Hum. Reprod. Update. (2023)

McDaniel MM, et al. Innate control of adaptive immunity and adaptive instruction of innate immunity: bi-directional flow of information. Curr. Opin. Immunol. (2021) 



Protracted sepsis
: Immunosuppression

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

Sepsis Trauma

HLA

CD8

CD4



Persistent inflammation, Immunosuppression, and 
Catabolism syndrome (PICS)

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) 

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



Spectral flowcytometry (다중 형광 유세포 분석)

Vijayakumar B, et al. Immuno-proteomic profiling reveals aberrant immune cell regulation in the airways of individuals with ongoing post-COVID-19 respiratory disease. Immunity. (2022) 

Yu Y-R A, et al. Flow cytometric analysis of myeloid cells in human blood, bronchoalveolar lavage, and lung tissues. Am. J. Respir. Cell Mol. Biol. (2016) 



Examples for immune phenotyping (BALF)



Extension of MVS Score
: Inclusion of many Infectious disease with Neutrophil Signature 

Gene modules in SoM signatures are cell type-specific

Ganesan A, et al. A conserved immune dysregulation signature is associated with infection severity, risk factors prior to infection, and treatment response. Immunity. (2025)



Conserved Immune Dysregulation
: Risk factor including host factor, treatment, and lifestyle 

Asthma (baseline, GSE69683)

Current vs. former smokers Diabetes Control

Multifactorial Risk Factor

12 week diet restriction 7 year survival

Ganesan A, et al. A conserved immune dysregulation signature is associated with infection severity, risk factors prior to infection, and treatment response. Immunity. (2025)



Aging and immunosenescence

Han S, et al. Age-associated remodeling of T cell immunity and metabolism. Cell Metab. (2023)

De Mol J, et al. The dynamics of B cell aging in health and disease. Front. Immunol. (2021)



Hallmarks of T cell aging

Mittelbrunn M, et al. Hallmarks of T cell aging. Nat. Immunol. (2021) 

1. ↓ Peripheral T cell (말초 T 세포 감소) 

2. ↓ Activation and proliferation 

(활성화 및 증식 감소) 

3. ↓ Naïve T vs. ↑ Memory T 

(naive T 세포 감소, memory T 세포 증가) 

4. ↑ SA-βGal 증가 

5. ↑ CD27 Shedding 증가 

6. ↑ Senescence pathway markers 증가 

(노화 경로 지표들) 

7. ↑ SASP 증가 

8. ↑ DNA damage 증가 (DNA 손상) 

9. ↓ TCR downstream molecules 감소 

(TCR 하위 분자들) 

10. ↑ Mitochondrial dysfunction 증가 

(미토콘드리아 기능 장애) 



Altered immune interaction and pathology

Kim T-S, et al. The activation of bystander CD8+ T cells and their roles in viral infection. Exp. Mol. Med. (2019)

Lee H, et al. IL-15 in T-cell responses and immunopathogenesis. Immune Netw. (2024)



Neutrophil-lymphocyte ratio (NLR) in sepsis

Lo YT, et al. A prognostic model using post-steroid neutrophil-lymphocyte ratio predicts overall survival in primary central nervous system lymphoma. Cancers. (2022)

Huang Z, et al. Prognostic value of neutrophil-to-lymphocyte ratio in sepsis: a meta-analysis. Am. J. Emerg. Med. (2020)



Mitochondrial Dysfunction & T Cell Aging

Baixauli F, et al. Mitochondrial respiration controls lysosomal function during inflammatory T cell responses. Cell Metab. (2015)

Soto-Heredero G, et al. Mitochondrial dysfunction defines T cell exhaustion. Cell Metab. (2021)



Metabolic senescence

Quinn KM, et al. The paradox of aging: aging-related shifts in T cell function and metabolism. Semin. Immunol. (2023)

Kurupati RK et al. Age-related changes in B cell metabolism. Aging. (2019)



Ferroptosis and Aging

Mazhar M, et al. Implication of ferroptosis in aging. Cell Death Discov. (2021) 



Host factors such as co-morbidities

Alrawashdeh M, et al. Prevalence and outcomes of previously healthy adults among patients hospitalized with community-onset sepsis. Chest. (2022) 



Endothelial Injury



Immune pathology associated with 
“dysregulated inflammation” in the resp. tract

Meyer NJ, Christie JD. Genetic heterogeneity and risk of acute respiratory distress syndrome. 

Semin Respir Crit Care Med. (2013)



Imai Y, et al. Angiotensin-converting enzyme 2 protects from severe acute lung failure. Nature. (2005)

Vaduganathan M, et al. Renin–Angiotensin–Aldosterone System Inhibitors in Patients with Covid-19. N. Engl. J. Med. (2020)

Loss of ACE2 Homeostatic Regulation
: Dysregulation of the Renin-Angiotensin System



Renin-angiotensin system (RAS) in ARDS

Kim GJ, et al. The effect of renin-angiotensin-aldosterone system inhibitors on organ-

specific ace2 expression in zebrafish and its implications for COVID-19. Sci Rep. (2021)

Kai H, Kai M. Interactions of coronaviruses with ACE2, angiotensin II, and RAS inhibitors-

lessons from available evidence and insights into COVID-19. Hypertens Res. (2020)



Systemic Cascade
: Endothelial Damage, Inflammation, and Hypercoagulability

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

Angus DC, et al. Severe sepsis and septic shock. N. Engl. J. Med. (2013)

Eltschig HK, et al. Hypoxia and inflammation. N. Engl. J. Med. (2011)



SARS-CoV-2 Host Cell Entry
: The Dual Role of ACE2 and the Coagulation System

Kwan JYY, et al. Elevation in viral entry genes and innate immunity compromise underlying increased infectivity and severity of COVID-19 in cancer patients. Sci Rep. (2021)

O’Sullivan JM, et al. Endothelial cells orchestrate COVID-19 coagulopathy. The Lancet Haematology. (2020)

Kastenhuber ER, et al. Coagulation factors directly cleave SARS-CoV-2 spike and enhance viral entry. eLife. (2022)



She H, et al. Protective Effects of Dexmedetomidine on Sepsis-Induced Vascular Leakage by Alleviating Ferroptosis via Regulating Metabolic Reprogramming. Journal of Inflammation Research. (2021)



Epithelial Injury



Murray & Nadel’s Textbook of Respiratory Medicine 7th ed.



Benefits of utilizing scRNA-seq.

• 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

• 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.)

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



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

• 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, interacting with
cells of the immune system

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

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

a wide range of highly specialized cells !!



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….!!



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

Boers JE, et al. Number and proliferation of basal and parabasal cells in normal human airway epithelium. AJRCCM (1998) 



Human Small Airway Epithelial Club Cells

Zepp JA, Morrisey EE. Cellular crosstalk in the  development and regeneration of 

the respiratory system. Nat Rev Mol Cell Biol. (2019)



Gland-associated immune niche (GAIN)
: Lower respiratory tract

Madissoon E, et al. A spatially resolved atlas of the human lung characterizes a gland-associated immune niche. Nat Genet. (2023)

Identification of a previously undefined immune niche for 

IgA plasma cells at the airway submucosal glands (SMG).



Potential GAIN
in SN cavity

Madissoon E, et al. A spatially resolved atlas of the human 

lung characterizes a gland-associated immune niche. 

Nat Genet. (2023)



What is an endoplasmic reticulum (ER) and ER stress? 

Endoplasmic reticulum (ER)

◆ A specialized organelle that plays a central 

role in the biosynthesis, correct folding, and 

post-translational modifications of secretory 

and membrane proteins.

◆ Highly sensitive to stresses that perturb 

cellular energy levels, redox state, or Ca2+ 

concentration.

Gaut JR, Hendershot LM. Curr Opin Cell Biol (1993)

HOSOI T and OZAWA K. Clinical Science (2010)

Kaufman RJ. J Clin Invest (2002)

…Stress reduces protein folding capacity of the ER, 

resulting in the accumulation and aggregation of 

unfolded proteins, which is referred to as “ER stress”…



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



Both PAMPs and DAMPs trigger innate immunity following detection by PRRs. 

PRR activation leads to ER-Inflammasome-Mitochondrial fusion.

Mitochondria and ER in innate immune response

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



Mitochondria and ER in innate immune response

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

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-1β and IL-18. 



Jeong JS, et al. Thorax. (2016) 

Corticosteroid-resistant severe eosinophilic asthma



Fungus-induced steroid-resistant 
severe asthma murine model

Thorax cover image (January 2016, Volume 71, Issue 1)

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”…

Editors-in-chief, Highlights from this issue 

“Journal articles read most by allergists 

& immunologists last month” 

by Medscape Allergy

Jeong JS, et al. Thorax. (2016) 



Jeong JS, et al. Thorax. (2018) 



Roles of subcellular organellar complex for severe asthma

• ER stress/mtROS/NRLP3 inflammasome
Both eosinophilic and neutrophilic severe asthma

• PI3K-δ isoform
Eosinophilic severe asthma (in association with 
cytoplasmic organellar complex)



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

Wei X, et al. Host Recovery from Respiratory Viral Infection. Annu Rev Immunol. (2023)

vs.



Potential impact of previous RSV infection on the 
severity of COVID-19
: “Chronic pulmonary sequelae”

JS Jeong, et al. Allergy. (2024)



Potential impact of COVID-19 on the incidence of the 
“subsequent fungal infection”

JS Jeong, et al. - Under Review



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

JS Jeong, et al. – In Process

[Confidential]



Different points of immune dysregulation in ARDS

1. Immune/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.)

[Key Takeaways]
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Type I interferons during “viral infection”

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



Mechanisms of interferon action in 
“non-viral infections”

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





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

Liao M, et al. Single-cell landscape of bronchoalveolar immune cells in patients with COVID-19. Nat Med. (2020)
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