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LAB FOCUS: SUSCEPTIBILITY TO STRESS

* Lung epithelial dysfunction (mutations)
* Preexistent conditions (fibrosis) — NIEHS ONES Award

Aging
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PULMONARY FIBROSIS (PF)

v' Rare and aggressive degenerative disease

v' >200,000 Americans currently living with IPF

v' >50,000 new diagnoses and an estimated 40,000 deaths = x2 since 2010

v’ Several challenges to advance approach to the disease

» Disease of aging (66 years mean diagnosis)

» Short patient survival (3-5 years from diagnosis)

> Heterogeneity

https://doi.org/10.3389/fmed.2021.736485
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HALLMARKS OF CANCER..AGING..FIBROSIS

Impaired wound repair capacity and epithelial-mesenchymal
crosstalk + abnormal proliferation (bronchiolization)

Heterogenous milieu from
stressed parenchyma and

activated immune cells Unique matrisome within the

scarred/remodeled tissue
(regional differences?)

DOI: 10.1183/09031936.00186914
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PARENCHYMAL MUTATIONS AND PULMONARY
FIBROSIS
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DEVELOPING A VIABLE SP-C MUTANT LINE —
THE HYPOMORPH LINE
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No overt lung phenotype
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SP-C!73T: AVIABLE MODEL OF REMODELING
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INFLAMMATORY CELL RECRUITMENT AT THE PEAK
OF SP-C'”3T INDUCED FIBROSIS
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INFLAMMATORY MONOCYTES AND PF OUTCOME

Monocyte count, GI/L
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LUNG CELL BREAKDOWN DURING SP-C!73T
INDUCED INJURY
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LUNG CELL BREAKDOWN DURING SP-C73T
INDUCED INJURY
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LUNG CELL BREAKDOWN DURING SP-C'73T
INDUCED INJURY s L
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HOW CAN WE TEASE OUT THE ROLE OF EACH
INDIVIDUAL MACROPHAGE POPULATION?

By signaling pathways — REACTOME/KEGG/GO, CellChat

By spatial localization —




SPATIAL ANALYSIS OF THE REMODELING LUNG

‘ Retrieve FFPE samples and sectioning ‘ Staining with morphology biomarkers and DSP probes

IF biomarkers

Nl
Ky Ko

Manual or Automated in Leica autostainer

DSP panels

-
Data visualization and analysis ‘ Hybridize ad count ‘ Scanning, Selection of ROl and probe collection in GeoMx DSP
Polygon Squares i Square/segmented
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GeoMx DSP instrument nCounter instrument

GeoMx DSP instrument
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REGION SELECTION

A - Control

CD45 — yellow

CD68 - red T
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SP-C INDUCED STRESS DRIVES ACTIVATION OF
THE PERI-INJURED REGIONS
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REACTOME Pathway Analysis

) Oxidative Stress Induced Senescence-
Oxygen-dependent proline hydrOX)éIatlon of Hypoxia-inducible Factor Algha—
‘ TGF-beta receptor signaling activates SMADs

_ Cytoprotection by HMOX1 4

Senescence-Associated Secretory Phenotylge S_SAS_P)-

DNA Replication-

~ Gluconeogenesis

) _ Plasma lipoprotein clearance -

Nonsense Mediated Decay independent of the Exon Junction Complex-
Glycosphingolipid metabolism-

MHC class Il antigen presentation-

» ROS and RNS production in phagocytes-

Extracellular matrix organization-

Post-translational protein phosphorylation-

eutrophil degranulation—

< Healthy vs. Peri-Injured —
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REACTOME Pathway Analysis

Oxygen-dependent proline hydroxylation of Hypoxia-inducible Factor Alpha-—
Senescence-Associated Secretory Phenotype (SASP)-

) ) Metabolism of lipids—

Signaling by TGF-beta Receptor Complex—

) ) Sphingolipid metabolism—

Plasma lipoprotein assembly, remodeling, and clearance-

~ GPVI-mediated activation cascade-|

o ) Detoxification of Reactive Oxygen Species—

The citric acid (TCA) cycle and respiratory electron transport-
Adaptive Immune System-|

ROS and RNS production in phagocytes-

Extracellular matrix organization—

MHC class Il antl%en presentation -

] ] ] ) Neutrophil degranulation—
L13a-mediated translational silencing of Ceruloplasmin expression—
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REGIONAL CLUSTERING IN THE SP-C LUNG —
PROFIBROTIC SIGNALING

Degradation of the extracellular matrix Assembly of collagen fibrils and other multimeric structures
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REGIONAL CLUSTERING IN THE SP-C LUNG —

COMPLEMENT EXPRESSION

Counts
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IN THE WORKS:
COMPARATIVE ANALY SIS OF MACROPHAGE
ACTIVATION IN OZONE EXPOSURE

» Rapid onset of injury

» Transient

» Long term impact depends on dose,
frequency of exposure, individual
susceptibility

Single exposure — 0.
7 #0% PR \ 27

‘Nguyen et al., 2021
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OZONE DRIVES MULTIDIRECTIONAL MACROPHAGE
ACTIVATION IN SP-C MUTANT MICE

REACTOME Pathway Analysis < Injured vs. Peri-Injured —
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TAKE HOME MESSAGE AND FUTURE DIRECTIONS

« SP-C'"3T induced injury — shows multicellular inflammatory cell
infiltrate

« Spatial analysis of CD68* cells show “unidirectional” macrophage
activation (peri-injured)

« Comparative analysis with the air pollutant ozone, shows region-
specific signatures in macrophages

* Use of predictive tools like CellChat/CellPhone to predict cell-cell
communication

¢ Integration of spatial analysis with single cell sequencing

< Expansion of analysis to include O; exposure in the fibrotic lung
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We are hiring! Alessandro.venosa@pharm.utah.edu
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Questions?
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