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Idiopathic Pulmonary Fibrosis is an awful disease

Du Bois. Eur Resp Rev 2012.



Current IPF therapies modestly slow disease 
progression and are poorly tolerated

King et al. NEJM 2014. Richeldi et al. NEJM 2014.



Epithelial injury and dysfunctional repair is central to 
IPF pathogenesis – but how?

Adapted from Adegunsoye, Kropski et al. AJRCCM 2024.



Step 1: Building the IPF Cell Atlas

Habermann et al. Science Advances 2020. 6:eaba1972



Step 1: Building the IPF Cell Atlas

Habermann et al. Science Advances 2020. 6:eaba1972

114,396 cells
20 PF Lungs
10 Control



Step 1: The IPF Cell Atlas – novel progenitor cells

Habermann et al. Science Advances 2020. 6:eaba1972

Alveolar-like airway secretory cells

SFTPC (AT2) SCGB3A2 (Secretory) 
AGER (AT1)



Step 1: The IPF Cell Atlas

Habermann et al. Science Advances 2020. 6:eaba1972

ECM

Senescence

Mesenchymal lineage markers

Profibrotic cytokines

KRT17+ “aberrant basaloid cells” exhibit most of the 
“hallmarks” of IPF lungs



Step 2: Integrating genetics and single cell genomics

Natri et al. Nature Genetics 2024.



A subset of eQTL have disease-context 
specific regulatory effects

Natri et al. Nature Genetics 2024.



Disease-interacting eQTL are enriched within 
motifs for stress-induced transcription factors



Step 3: Modeling disease biology ex-vivo



FLEX-seq resolves perturbation conditions that 
phenocopy IPF-associated cellular reprogramming



Step 4: Leveraging archival samples



Early IPF High Risk Cohort@VUMC

Age

Lu
ng

 F
un

ct
io

n

35 45 6555 8575

Enrollment (2008 – 2014)

No ILD

Clinical Diagnosis of ILD

Study subjects
1st degree relatives of FPF patients
Age 40 – 70
No know ILD or symptoms of ILD

Study procedures
Bronchoscopy w/ lung biopsy
Blood draw
HRCT
Follow-up visits ~3-5 years



Defining the Molecular Pathogenesis of Early 
Pulmonary Fibrosis

Single-nucleus multiomic profiling

Spatial transcriptomics

Nick BanovichAnnika Vannan



Unsupervised hierarchical clustering distinguishes 
ILA progression outcomes



Progress dysregulation of distal 
epithelial cell types/states

AT1

KRT5-/KRT17+ “Aberrant basaloid”



FLEX-seq of archival FFPE blocks



Step 5: Spatial contextualization of disease-
emergent cellular phenotypes

Vannan et al. bioRxiv 2023. [in-revision]



Deciphering cellular diversity of pathologic features



Imaging-based spatial methods allow use of cell-
agnostic methods to explore “niche” evolution

Vannan et al. bioRxiv 2023. [in-revision]



Characterizing progressive airspace dysregulation

Vannan et al. bioRxiv 2023. [in-revision]



Aberrant epithelial cell detachment on the 
“leading edge” of fibrosis



One Xexium slide generated data on more cells than 
our entire sc-eQTL dataset

Custom panel: 343 genes
TMA – 17 samples



Cellbound looks promising to improve segmentation



Cellbound enhances segmentation fidelity, 
especially for irregularly shaped cells
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