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ABSTRACT
Background: Precision-cut tissue slices (PCTS) are a promising model that can aid pharmaceutical 
research and development. The possibility of using human tissue bridges the animal to human 
translational gap. The aim of this study was to characterize the transcriptional changes in murine and 
human PCTS during culture, focusing on �brogenic and in�ammatory responses.
Methods: PCTS from mouse and human kidney, liver and intestine (jejunum, ileum and colon) 
were cultured for 48h. Samples were collected after slicing (0h) and after 48h incubation for next-
generation sequencing by RNA-Seq. The di�erentially expressed genes (DEGs) were selected based 
on a minimum two times fold change between 48h vs. 0h and p-value < 0.01, and further used for 
functional pathway analyses.
Results: Tissue type and incubation time point were the two main drivers of variance involved in 
murine and human PCTS culture. Incubation induced extensive transcriptional changes in both 
species PCTS, as shown by the thousands of DEGs. Among the 10 most upregulated genes, transcripts 
related to in�ammation (IL-11) and extracellular matrix organization (MMP3 and MMP10) were 
common in mouse and human PCTS. The top 10 downregulated genes included those encoding for 
metabolic enzymes and transporters. Culture activated numerous in�ammation pathways (e.g. IL-6, 
IL-8 and HMGB1 signalling) and pathways related to tissue remodelling (e.g. osteoarthritis pathway) 
across all mouse and human PCTS. However, PCTS displayed species- and organ-speci�c di�erences 
in regulation of canonical pathways during culture.
Conclusions: PCTS preparation and culture induces a dynamic pathological process, characterized by 
numerous transcriptional changes. Many pathways are shared between di�erent species or organs 
PCTS; however, each organ PCTS has an individualized response to culture.



6968

�����*�$�����������!���$���������"��� �&���������������!���(�������"�������ƒ�	�����$����������$�&�!���"��������$���"�"�&�����"���������"���������$���!���’

3

INTRODUCTION
The idea of tissue slices has been around for almost a century [1,2]. However, it was not until 1980, 
when Krumdieck [3] developed a tissue slicer that enabled cutting of thin slices with precise thickness, 
the tissue slice technique received renewed attention. Precision-cut tissue slices (PCTS) capture the 
complex organotypic three-dimensional cellular structure, as each slice retains all cell types present in 
their original tissue-matrix con�guration [4].

PCTS model is a promising tool for pharmaceutical research and development: it bridges the 
translational gap between in vitro and in vivo studies. The objective of the pharmaceutical industry 
is to create safe and e�ective drugs to treat human diseases. However, many drugs fail development, 
suggesting that certain preclinical models need to be better validated for their human translatability 
and predictiveness for human disease. In vitro models have an advantage of simple, �exible, and high 
throughput technique; however, they often lack cellular heterogeneity and biological context of 
complex tissues. In vivo models are still considered the gold standard in preclinical research, however 
they associate with lack of relevance to the human disease, low throughput, high costs, and animal 
distress [5]. The ex vivo PCTS culture technique has the power to overcome some of these limitations. 
PCTS can be quickly prepared at relatively high throughput in a simple and reproducible manner, 
while retaining the tissue viability [6]. This technique proves to be versatile, as both rodent and human 
tissue, healthy and diseased, can be used to prepare precision-cut slices. In contrast to in vivo studies, 
PCTS o�er the possibility for simultaneous use of di�erent organs from the same animal, as well as 
for evaluation of multiple experimental conditions at once, since multiple slices can be prepared 
from one organ. Therefore, the PCTS model contributes to the substantial reduction of animal use in 
biomedical research, and might be considered an alternative to many in vivo studies, once validated.

PCTS are used for a wide range of applications due to the fact that slices can be prepared from virtually 
any solid organ (liver, kidney, heart and several tumor types [7�10]) and non-solid organ (intestine 
and lung [11,12]). The applications of PCTS evolved from studies of liver functions [3] to the use in 
xenobiotic metabolism, transport and toxicity research [4,13,14]. Slices can be used to study the 
ischemia/reperfusion damage [15,16] and uptake of nanoparticles as carriers for gene therapy agents 
[17]. Recently, the application of PCTS was further extended to study the mechanism of �brosis [7], a 
pathology characterized by the excess deposition of extracellular matrix. It has been shown that PCTS 
from di�erent organs develop in�ammatory and �brogenic responses during culture, making PCTS a 
suitable model for �brosis and e�cacy of anti�brotic compounds [7,18�20]. 

Despite the extensive applications of PCTS, its recognition is limited by the lack of validation and 
molecular characterization. As a step towards validation, we attempted to describe the transcriptional 
changes in PCTS during culture. With the recent advances in genome sequencing technologies, next-
generation sequencing (NGS), including RNA-Seq, o�ers a fast and accessible approach for unravelling 
the genome-wide transcriptional pro�les [21]. In this study, we performed total RNA sequencing of 
murine and human PCTS prepared from various organs (liver, kidney and gut) in order to elucidate 
species- and organ-di�erences in culture-induced transcriptional changes. To further characterize 
spontaneous �brogenic and in�ammatory responses in PCTS, we purposefully investigated changes 
in expression of genes related to these processes. The obtained �ndings largely contribute to our 
understanding of molecular mechanisms involved in PCTS culture.
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Hierarchical clustering of di�erentially expressed genes (DEGs) with time in culture (log2(FC); see 
Figure 2e) showed that murine intestinal PCTS clustered �rst together and then with human intestinal 
PCTS. Along with species-speci�c clusters of di�erentially expressed genes in liver and kidney (which 
might also originate from batch e�ects from comparing the results of two sequencing experiments, 
i.e. mouse and human PCTS), there were organ-speci�c clusters of DEGs in mouse and human PCTS, 
which have been investigated in more detail in the next section.

Figure 1. Study work�ow. Precision-cut tissue slices (PCTS) were prepared from murine or human tissues (liver, kidney, 
jejunum, ileum and colon) using Krumdieck tissue slicer and incubated for 48h. Samples were collected at 0h (prior 
incubation) and at 48h for viability measurement and sequencing analysis.
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Figure 2. Principal component analyses (PCA) and hierarchical clustering analysis in mouse and human PCTS. (a-
d) PCA scatter plots of dimensions PC1 vs. PC2 and PC1 vs. PC3 in mouse PCTS (a and b) and human PCTS (c and d); n=5. 
Samples are colored by tissue type and shaped by incubation time point. Each symbol in the plots represents total mRNA 
sequencing from a single technical replicate. (e) Transcriptomic pro�les of mouse and human PCTS during culture. The 
heatmap of log2(FC) values illustrates expression of 8360 genes (with p < 0.01) regulated during 48h culture in mouse and 
human PCTS (1:1 homology). Average-linkage hierarchical clustering was performed using Pearson correlation.
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