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Lee JS et al., Sci Immunol. 2020



Cross-sectional, comparative design

Lee JS et al., Sci Immunol. 2020
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To improve understanding of 
immune response in severe 
COVID-19.

To reveal therapeutic targets 
to suppress severe progression 
of COVID-19



Comparative landscape of immune response in PBMCs of COVID-19 patients

Lee JS et al., Sci Immunol. 2020



Comparative landscape of immune response in monocytes of COVID-19 patients

Lee JS et al., Sci Immunol. 2020



Defining specific features of monocyte changes in severe COVID-19

Lee JS et al., Sci Immunol. 2020

Case with
Mild →→ Severe



Trajectory analysis: Mild → Severe

Lee JS et al., Sci Immunol. 2020



Validation using DEGs from postmortem lung tissue of COVID-19 patients

Lee JS et al., Sci Immunol. 2020
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Summary (1)

COVID-19 → TNF, IL-1

Severe COVID-19 → +Type 1 IFN

Strength: Landscaping study, Cited more than 200 times.

- Started earlier, and completed faster.

- Providing initial impression of the immune response pattern in COVID-19

- Severe COVID-19 is a real medical issue: contrast severe COVID-19 using 3 control groups

Weakness

- Small size to characterize human subjects (n=20)

- Descriptive, cross-sectional study

Lee JS et al., Sci Immunol. 2020



Lee JS et al., Nat Commun. 2021



Objectives of this study

Target organ (Lung)

2 dpi: early stage of SARS-CoV-2 infection with peak viral titer
5 dpi: resolution phase with decreasing viral titer and evident histopathological changes

Longitudinal Design

Lee JS et al., Nat Commun. 2021



Longitudinal immune landscape of BAL fluid cells 

Lee JS et al., Nat Commun. 2021



Longitudinal immune landscape of macrophages of BAL fluid cells 

Resting

M2

M1Blood→Lung infiltrating

Lee JS et al., Nat Commun. 2021



Trajectory from infiltrating monocyte →M1 macrophage

Lee JS et al., Nat Commun. 2021



Trajectory from infiltrating monocyte →M2 macrophage

Lee JS et al., Nat Commun. 2021



Summary (2)

We have used a longitudinal approach along with the natural disease course of SARS-CoV-2 infection. 

Among macrophages—the major population of BAL fluid cells, we identified 10 different subpopulations that 

exhibited relative proportion changes from 0 to 5 dpi. 

The predominant dynamic changes of the transcriptome involved monocyte-derived infiltrating macrophages 

and differentiated M1/M2 macrophages, especially at 2 dpi. 

We also observed distinctive and stepwise differentiation from monocyte-derived infiltrating macrophages 

toward M1 or M2 macrophages.

Lee JS et al., Nat Commun. 2021



Contents

Part I. The impact of viral infection (human & animal study)

Part II. The impact of corticosteroid (human study)

Part III. The impact of other immuno-suppressive agents (animal study)



Corticosteroid @ critical COVID-19

Jeong HW, Lee JS, Koh JH, et al., in revision

T/NK Monocyte/DCPBMCLongitudinal cohort



Corticosteroid @ critical COVID-19

CM → IM

Cohort 2: Aggravating vs. Improving

Ligand-receptor interaction

IL-1 → CXCR1-CXCL1
CXCR2-CXCL2
CXCR3-CXCL3

PDGFC → VEGFA
TGFB          

Jeong HW, Lee JS, Koh JH, et al., in revision



Corticosteroid @ critical COVID-19

Cohort 3: Corticosteroid @ critical COVID-19
– Before and Day 1, 4,..

COVID-19: TNF, IL-1
Severe COVID-19: TNF, IL-1 +Type 1 IFN

Jeong HW, Lee JS, Koh JH, et al., in revision



Corticosteroid @ critical COVID-19

Cohort 3: Steroid user – Before and Day 1, 4,..

Jeong HW, Lee JS, Koh JH, et al., in revision

Upregulated by corticosteroid

Downregulated by corticosteroid



Corticosteroid @ critical COVID-19

Cohort 3: Steroid user – Before and Day 1, 4,..

Jeong HW, Lee JS, Koh JH, et al., in revision



Corticosteroid @ critical COVID-19

Cohort 3: Steroid user – Before and Day 1, 4,..

Lupus monocyte

Jeong HW, Lee JS, Koh JH, et al., in revision



Corticosteroid @ critical COVID-19

Cohort 3: Steroid user – Before and Day 1, 4,..

Jeong HW, Lee JS, Koh JH, et al., in revision



Corticosteroid @ critical COVID-19: Summary

Jeong HW, Lee JS, Koh JH, et al., in revision

Corticosteroid treatment suppresses lupus-like dysregulated interferon responses in monocytes by down-
regulating STAT1 in patients with critical COVID-19. 

Our current study provides insights into the mechanisms underlying aggravation and improvement of COVID-19 
and the effects of corticosteroid treatment.
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation

N Sakaguchi et al. Nature 2003;426:454

S.Sakaguchi, et al. FEBS Letters 2011;585:3633

SKG model
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

No zymosan A Zymosan A + PBS

Zymosan A + Methotrexate Zymosan A + anti-TNFα blocker



Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation
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Immunosuppression @ SKG ILD model

Chang SH, Chae JJ, et al., manuscript in preparation

In an animal model of rheumatoid arthritis-associated interstitial lung disease using SKG mice, 
methotrexate administration worsened pneumonitis associated with decreased regenerative capacity of 
type 2 alveolar cells. 
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