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Topics to be Covered

Precision-cut Lung Slices (PCLS)

• Isolation and Culture Methods

• PCLS Test System: 

–What does it represent? How is it used? 

• Established Utility

–Datasets demonstrating performance

• Current Results: Various Products Tested

• References & Contact Information



PCLS: Isolation and Culture

3. Slice cores with slicer
1. Inflate lung  tissue 

and section periphery
2. Create tissue cores

5. Roller culture 4. Mounted in vials



In Vitro/Ex vivo Models: PCLS

PCLS can represent all lung 

regions present in tissue source, 

with the benefit of native 

architecture.

alveoli

airways



Adverse Respiratory Events & Choice of 
System

Tissue 

Response:

E.g.

• Cytokines & 

chemokines

• Inflammation

• Monocyte 

recruitment

• Protease/ 

antiprotease

imbalance

Tissue 

Effects:

E.g. 

• GCH

• Impaired 

mucociliary

clearance

• Tissue 

destruction

• Collagen 

deposition

Pulmonary 

Effects:

E.g.

• Tissue 

remodeling

• Chronic 

inflammation

• Fibrosis

• Reduced airflow

• Hyperinflation 

Lung Disease/ 

COPD:

• Chronic 

bronchitis 

• Emphysema 

• Small airways 

disease

• Increased 

susceptibility to 

infection and air 

pollutants

Initiating 

event:

Toxic insult to lung 

epithelium

E.g. 

• Oxidative stress

• Initiation of 

signaling 

pathways
In silico

In chemico

In vitro (2D): Reporter lines, 

primary cells

In vitro (3D): Reconstructed human tissues 

(organoids, spheroids, etc.)

Ex vivo (3D): Whole lungs, precision-cut lung slices 

(PCLS)

Increasing cost 

and/or 

complexity

Predictive 

Tools

• Non-cellular test 

systems

• Databases

• Known 

chemistries

Biological systems: Progression of Adverse Events following Exposure



Human PCLS: Acute Parenchymal Damage

Aminoflavone Damage

• Control tissue shows alveoli lined by mostly viable cells
• Exposure of human PCLS to 10 µM Aminoflavone causes cytokine increases in 

< 24 hr
• Days later, severe tissue damage was noted: AF-induced, decreased cellularity 

and nuclear changes reflecting toxicity

Control Day 7 10 µM Aminoflavone (AF) Day 7

disintegrating 
nuclei

Concentration-depend. 

IL-1β increases



PCLS: Long Term Culture (e.g. rat PCLS)

Control D8 Control D28



PCLS: Compound-induced Macrophage Activation

macrophages Control D7 10 µM BCNU D7 BCNU (carmustine) 

exposure shows 

numerous 

macrophages, many 

of which have 

infiltrated alveolar 

walls mimicking 

interstitial 

pneumonitis

ED-1 Immunostain

Large areas of 

parenchyma exhibit 

extensive deposition 

of  collagen fibers, 

especially at slice 

margins

Masson’s Trichrome

Control Day28 100 µM BCNU Day28



HuPCLS: Long Term Culture (IIVS)

Untreated Control: Day 0 Untreated Control: Day 16

13 µM Bleomycin: Day 16



500 µg/mL Min-U-sil 5 Exposure to HuPCLS

No 

cytotoxicity

Note: values above the highest standard were extrapolated by Luminex

xPonent software



Exposure Methods: Solubles & Aerosols

Apical or 

Basolateral 

Delivery

Solubilized material, applied to PCLS Smoke/Aerosol /Gas Delivery

• Most 

relevant!

• Dosimetry?

• Cost!

Novel: Digital Dispensing 
TECAN/HP D300

Accurate delivery to ALI3 nL droplets 

• Hybrid technology? 

• DMSO or aqueous-based solutions

• Minimal volume delivery

Tissue insert at air 

liquid interface (ALI)

Roller culture

ALI culture

ALI culture

Medium 

Delivery

VITROCELL® VC-1 ALI culture



Testing Application: High Content

• PI requires evaluation of pulmonary risk

• Study focus is on respiratory changes/function endpoints

• Study design can be acute or chronic exposure

Evaluating 

Product 

Effects

3D Cell 

systems:

1. Organoids/ 

spheroids

2. Reconstructed 

Human Airways

3. Human Precision-

cut Lung Slices

Cytotoxicity
• LDH/AK release

• Viability loss (MTT/WST-8)

Oxidative Stress
• GSH:GSSG levels

• ARE activity

Inflammation (incl. chronic)
• Cytokines

• NfκB activity

• Activated macrophages

Mucociliary Clearance
• Mucus production, Goblet cell hyperplasia (not PCLS)

• Ciliary Beat Frequency

Tissue/structural changes
• Collagen deposition

• Airway vs alveolar toxicity

IHC: CD68, γH2AX, ki67
DNA adducts?

cryopreservation 

for accessibility

–omics? 

Systems Toxicology?

respiratory sensitization?airway contractility
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