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1. Abstract
Precision Cut Lung Slices (PCLS) is defined as an ex vivo model 
which allows the study of the lung.  The goal of this project was 
to establish a protocol for culturing and imaging PCLS for further 
study in the Pneumology Research Laboratory. To establish 
culture conditions, PCLS were prepared from naive mice and 
cultured according to a modified protocol. To assess viability, 
lactate dehydrogenase (LDH) released in the culture medium was 
quantified using a commercially available enzymatic assay. In 
parallel, the number of dead nuclei was visualized by live/dead 
staining using confocal microscopy. Results showed that thawing 
caused the PCLS to be less viable compared to fresh ones. 
Therefore, these should only be used for imaging. 

4. Material and Methods
As there are no standardized culture parameter protocols for PCLS, 
these need to be determined first. This includes the type of media, the
interval between medium change, and which viability tests to perform.
To establish culture conditions, PCLS were prepared from naive mice
and cultured using a modified protocol. To assess viability, lactate
dehydrogenase (LDH) released in the culture medium was quantified
using a commercially available enzymatic assay. In each group, 5 PCLS 
were tested, which originated from 2 different sources. In parallel, the
number of dead nuclei was visualized by a Live/Dead staining using
confocal microscopy. PCLS imaging was performed at 4 different 
timepoints, 2 slices with 4-5x 3D images (see Figure 2) were taken each. 
For quantification the IMARIS Software was used.  

3. Aims and leading questions
So far, the Pneumology (Adults) Working Group of the DBMR has
primarily employed mouse models for classical in vivo studies. 
Therefore, the main goal is to improve the protocol for the
preparation of PCLS for further use in more advanced projects. 
This includes the procedure for harvesting sample material, 
slicing, culture as well as microscopic imaging.

Testing methods:
§ measurement of LDH release in the supernatant as marker for 

cell viability
§ Microscopic assessment trough Live/Dead staining
→ Comparison viability between thawed and fresh PCLS

To achieve these goals the following questions were formulated:
1. How long can slices be kept viable in culture?
2. How does freezing prior to culture affect viability of Precision 
Cut Lung Slices?

2. Introduction
Precision Cut lung slices (PCLS) provide an ex vivo model
allowing to study and visualize the lung structure, cells and 
interactions that occur between them. [1] A huge advantage of
this method, besides the intact lung structure, is the
simultaneous presence of all cell types in the same distribution
and localization as preserved in vivo. [2]

However, the method for obtaining PCLS is technically 
challenging and there are no standardized approaches found in 
literature. In this procedure, liquid agarose is instilled into a 
lung sample and allowed to cool. Once the agarose has 
hardened, lung sections between 100- 300 μm can be
obtained. These slices can go directly in culture or be frozen
antd thawed on a later timepoint for testing. Thawing should
not increase cell death or compromise tissue integrity. [3]

6. Discussion
Although the differences between fresh and thawed PCLS seem to
be insignificant at first, the second viability method contradicted
these results. In order to ensure that the significantly elevated 
number of nuclei was caused by the insufficient freeze/thawing 
procedure, a repeat of the imaging would be required. This allows 
to exclude an error during the work process as cause (e.g. frozen 
too slowly, not sufficiently rinsed). Due to the low detection of 
viability or high number of dead nuclei, it can be concluded that 
these slices do not meet the standard required for tests to detect 
the influence of cell-damaging or therapeutic substances.

Viability assays have already been performed with PCLS from a 
bleomycin-damaged mouse model and are currently being
evaluated. The protocol developed in the course of this project is
going to be used by the research group for further investigations, 
especially for visualization.

References
[1] Alsafadi, H., Uhl, F., Pineda, R., Bailey, K., Rojas, M., Wagner, D., & Königshoff, M. (2020). 
Applications and Approaches for Three-Dimensional Precision-Cut Lung Slices: Disease 
Modeling and Drug Discovery. American journal of respiratory cell and molecular biology, 62(6), 
pp. 681-691. doi:10.1165/rcmb.2019-0276TR
[2] Liu, G., Betts, C., Cunoosamy, D. M., Åberg, P. M., Hornberg, J. J., Sivars, K. B., & Cohen, 
T. S. (2019). Use of precision cut lung slices as a translational model for the study of lung 
biology. Respiratory Research, 20(1). doi:10.1186/s12931-019-1131-x 
[3] Rosner, S. R., Ram-Mohan, S., Paes-Cortez, J. R., Lavoie, T. L., Dowell, M. L., Yuan, L., . . . 
Krishnan, R. (2015). Airway contractility in the precision-cut lung slice after cryopreservation. 
American journal of respiratory cell and molecular biology, 50(5), pp. 876-811. 
doi:10.1165/rcmb.2013-0166MA 
Figures and Graphs
Fig. 1: Casella, M. (2021). Project layout. Bern (created with BioRender.com).
Fig. 2: Casella, M. (2021). 3D visualization of PCLS. Bern (own picture)
Graph1: Casella, M. (2021). Results of the LDH release assay. Bern (own graph)
Graph 2: Casella, M. (2021). Results of the Live/Dead staining. Bern (own graph)
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5. Results

LDH release assay
§ Downwards trend

after 72h of thawed
PCLS noticable

§ Folowing 72h in 
culture, the mean % of
fresh PCLS increases
rapidly

Live/Dead staining
§ Result confirm that 

thawed PCLS are 
heavily affected by 
thawing process 

§ Significant difference 
consistently in all 
timepoints

Graph 1: Results LDH release in % (Casella, 2021)

Graph 2: Live/Dead staining results of fresh and thawed PCLS, n = 2 (one-way ANOVA, **** = <0.0001) 
Error bars are shown as mean. (Casella, 2021)

Fig. 1: Project layout, created with 
BioRender.com (Casella, 2021)

Fig. 2: 3D visualization of a PCLS stained with Live/Dead dye (Casella, 2021)


