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Discussion 

The extensive advances in our understanding of the molecular and cellular 
mechanisms that drive fibrosis were not translated into successful therapies. 
Repeated failures of proposed antifibrotic compounds indicate how challenging drug 
development is of a treatment for fibrosis. To advance this field of research, we focused 
our studies on describing the ex vivo model of precision-cut tissue slices (PCTS). Our 
results provide an extensive description of the biological pathways that characterize 
PCTS culture, showing their suitability for fibrosis research. Additionally, we showed 
the versatility of slices by describing the use of steatotic liver PCTS as a model for 
non-alcoholic steatohepatitis (NASH), together with testing potential antifibrotic 
and anti-NASH drugs.   

Preclinical use of human tissue
Throughout the era of modern medicine, laboratory animals have been 

essential for the development of new therapies. Almost all treatments that are used 
nowadays, involved, at some level, animal experiments. This is due to the preclinical 
requirements of regulatory agencies. In order for a drug to progress into clinical trials, 
it is mandatory to assess its safety in animals, although it is not clear-cut to what 
extent these results are relevant for humans. Animal studies have certain advantages, 
such as the possibility to obtain insights into disease pathophysiology and to perform 
genetic manipulation. However, translating animal results to man can be difficult, 
since human (patho)physiology can never be fully recapitulated by other species. 

Therefore, it is necessary to optimize human-based systems/models in order 
to make more relevant choices for the human conditions. The use of human-based 
models is necessary for the identification of targets, understanding and evaluation of 
mechanism of action and the toxicological assessment of potential new drugs. 

PCTS can be prepared from virtually any organ and numerous types of 
experiments can be performed, such as: drug metabolism, drug transport, target 
engagement and downstream signaling, or target inhibition [1–3]. To maximize these 
applications, it is important to assess the changes that occur during culture and what 
incubation time of PCTS is possible for a specific question. Chapter 2 and Chapter 
3 described the transcriptional changes during 48h for human healthy and diseased 
liver, kidney and ileum, together with healthy jejunum and colon. Culturing PCTS 
induced the upregulation of numerous transcripts, indicating inflammation and 
tissue remodeling, while the downregulated genes revealed a decrease of metabolic 
pathways and transporters. The results in both chapters confirmed the suitability of 
PCTS for the study of early (healthy PCTS that develop spontaneous fibrosis during 
culture) and late stage fibrosis (diseased PCTS obtained from patients with fibrotic 
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diseases). The question that remains to be answered is how much PCTS preparation- 
and culture-induced fibrosis resembles the in vivo situation. The damage of the outer 
cell layer caused by PCTS preparation is able to transmit signals to the rest of the 
tissue via damage-associated molecular patterns (DAMPs), such as high-mobility 
group box 1 (HMGB1). HMGB1 was reported to promote fibrosis in liver and lung 
in patients, by inducing inflammation, apoptosis, cell proliferation and migration [4], 
which might indicate similar mechanisms for fibrosis induction between ex vivo and 
in vivo.

A major advantage of the PCTS model, as above-mentioned, is the possibility 
to use human diseased tissue. This allows drug testing in the most relevant milieu. 
Compared to healthy PCTS, diseased PCTS obtained from patients with fibrotic 
pathologies, already have activated (myo)fibroblasts, extracellular matrix (ECM) and 
a high number of immune cells. As shown in Chapter 3 – Fig. 9a, although the 
transcriptional changes during culture showed high similarity between healthy and 
diseased human PCTS, the levels of secreted cytokines separated by hierarchical 
clustering diseased from healthy tissue, especially for liver and kidney PCTS. The 
presence of ECM is of great importance, as it represents more than an inert three-
dimensional structure. ECM can drive fibrogenesis autonomously through the 
following mechanisms:

• ECM components, such as fragments of fibrin and fibronectin, were 
reported to drive fibrosis progression [5]; 

• ECM is an important source of fibrosis mediators, such as latent 
transforming growth factor beta (TGF-b)-binding protein 1 [6];

• Excessive ECM suppresses the expression of microRNA miR-29, a non-
coding single-stranded RNA, which is a negative regulator of ECM 
genes, e.g. collagen type I alpha I, collagen type III, elastin, fibrillin-1 
and fibronectin 1 [7]. Furthermore, in liver fibrosis, miR-29 can inhibit 
the PI3K/Akt pathway and induce hepatic stellate cells apoptosis [8], 
which will lead to resolution of fibrosis;

• Integrins are a family of trans-membrane cell adhesion receptors with a 
direct role in fibrosis since they act as a node of communication between 
parenchymal cells, ECM, inflammatory cells and fibroblasts [9]. During 
physiological tissue repair, integrins activate phosphastase and tensin 
homolog (PTEN), which dephosphorylates phosphoinositides and halts 
the downstream signaling of the PI3K/Akt pathway, resulting in limited 
fibroblasts proliferation [10]. However, in pathological conditions, the 
integrin signaling can be altered in fibroblasts, leading to failure of 
PTEN stimulation and aberrant PI3K/Akt pathway activation [11]. The 
antifibrotic effect of the PI3K pathway inhibition by omipalisb was also 
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shown in liver slices; this inhibition led to a reduction of collagen gene 
expression and protein production (Chapter 5). Similarly, to Chapter 3, 
Chapter 5 also illustrated that diseased human liver PCTS had a higher 
production of new collagen, most probably due to the presence of already 
activated hepatic stellate cells present in the cirrhotic tissue. 

These abovementioned mechanisms show that newly produced ECM can 
induce a profibrotic loop, resulting in even more ECM. This could explain why 
dampening inflammation or removing the harming factor might not be sufficient to 
reverse fibrosis once the fibrogenic process is activated. 

We believe that human PCTS have great potential and are an attractive 
model due to the preservation of the three-dimensional structure and cellular 
composition of a particular organ. However, the use of human PCTS in research 
can be strenuous, as human tissue is still scarce and not available to every lab. 
Attaining human tissue implies legal, ethical, logistical and practical aspects, which 
can be differently regulated in agreement to a country’s law. Tissue availability is also 
limited, since organ transplantation and surgical pathology specimens have priority 
over research. Therefore, only surgical waste material can be used. The logistics of 
PCTS are very important, as fresh tissue is needed for their preparation and proper 
tissue preservation is a critical condition for slice viability. 

Human-based test systems are unlikely to completely replace animal studies 
in the near future. However, systematic use of human-based systems could lead 
to more effective drug discovery. It is our belief that more effort for developing, 
describing and validating in vitro models based on human tissues will expand our 
knowledge and understanding of their relevance as a testing system. Unquestionable, 
in vitro models have their limitations, since an isolated tissue or cells will not be able 
to completely represent the complex biological system of a living organism. For this 
reason, it is important to improve human-based test systems to models that are closer 
to the in vivo situation. 

Progress has been achieved in the field of organ-on-a-chip, a model based 
on human cells and microfluidic technology that tries to replicate organ functions. 
Additionally, a multiple organ model was proposed – body-on-a-chip, in order to 
close the gap between in vitro and in vivo studies [12]. The possibility of connecting 
several mini human organs with a circulatory tubing system including circulating 
immune cells could bring in vitro closer to in vivo. Considering that PCTS have the 
original architecture of an organ, using PCTS in an organ- or body-on-a-chip could 
be a major step forward in mimicking the in vivo situation. 
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Interspecies translation 
 As previously mentioned, animal studies are a mandatory part of the drug 
development process. Therefore, studies related to fibrosis mechanisms and potential 
antifibrotic compounds are performed in animals, mostly in mice. Interspecies 
translation between human and mice is challenging because the pathology of 
fibrosis is an interplay between different cell types, growth factors, mediators of the 
immune system and the extracellular matrix (ECM) [13]. The numerous players 
involved in fibrosis activate several pathways related not only to wound repair and 
ECM biosynthesis, assembly and crosslinking, but also to injury, inflammation and 
angiogenesis [14]. All these complex interactions create an intricate system that we 
do not know how to stop, with the exception of treating the underlying pathology or 
removing the harming factor. Although fibrosis is a repair process preserved across 
species, the involvement of several pathways and mediators make the murine-human 
translation very difficult [15–17]. Additionally, the idea that one molecule targets one 
cell, receptor or signaling molecule would be an efficient therapy is highly improbable, 
as fibrosis is not a mono – mechanistical/pathway disease.  
 The possibility of using both mouse and human tissue to produce PCTS 
allows us to make a direct comparison of the ongoing processes between the two 
species in the context of slicing- and culture-induced inflammation and fibrosis/
wound repair. Since we are focused on the use of the PCTS as a model for testing 
antifibrotic compounds, we were interested in organ and species differences for 
inflammation and fibrosis pathways (called pathways of interest and presented in 
Chapter 2 – Fig. 7 and 8). One aspect that we have to take into consideration is that 
for this study we included five mice and three to five human donors. With a small 
sample size, it is harder to achieve significant differences in human samples, since 
humans are outbred to the extreme and have an infinite number of lifestyles. On the 
other hand, laboratory mice are housed under the same conditions and are an inbreed 
species, providing an identical genetic background for each mouse. Nevertheless, the 
PCA results from Chapter 3 showed that the transcriptional differences are induced 
mainly by culture and tissue type, and not by pathology, indicating that our sample 
size might be representative for a broader population. Similar results were reported 
by Elferink et al. in a study of liver PCTS cultured for 24h [18].

Our results suggest that slice preparation and culture triggers inflammation 
and fibrosis differently, based on tissue type and species. However, there are commonly 
activated pathways in both species, such as PI3K/Akt, HMGB1 and IL-8 signaling 
in liver PCTS. The PI3K/Akt pathway seems to be a great target for antifibrotic 
therapy since:

• It is activated by cytokines involved in fibrogenesis, such as TGF-b 
[19,20];
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• It is the downstream signaling for many growth factors that are fibrosis 
modulators, as hepatic growth factor (HGF), basic fibroblast growth 
factor (bFGF), epidermal growth factor (EGF), vascular endothelial 
growth factor (VEGF) and platelet-derived growth factor (PDGF) [21]; 

• It is involved in myofibroblasts activation, proliferation, migration and 
collagen expression [22];

• The lack of negative regulation by PTEN results in accentuated fibrosis 
[23–27].

The proposed mechanisms for the role of the PI3K/Akt pathway in 
promoting fibrosis are presented in Figure 1.

Figure 1. The proposed mechanisms for the role of the PI3K/Akt pathway in promoting 
fibrosis. Activation of Class I PI3K by receptor tyrosine kinases (RTKs), G protein-coupled 
receptors (GPCRs), integrin alpha-M beta-2, interleukin receptors and reactive oxygen species. 
PI3K activated Akt exerts important functions in fibrosis, such as fibroblast differentiation, 
myofibroblasts increased survival and proliferation, collagen production, endothelial to 
mesenchymal transition. The PI3K/Akt pathway can be inhibited by Phosphatase and 
TENsin homolog (PTEN) or microRNA (miR-29).

The inhibition of the PI3K/Akt pathway in Chapter 5, indeed, showed a 
reduction of fibrosis markers after treatment with omipalisib, a Class I PI3K pan-
inhibitor. These effects were observed in healthy and diseased liver PCTS from 
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both species. The similar profile of the PI3K/Akt pathway between the two species 
allowed the successful use of mouse liver PCTS to study omipalisib. Additionally, by 
using mouse PCTS we could determine the impact of PI3K/Akt pathway inhibition 
in fibrosis of different etiologies, including NASH. Differences in drug efficacy were 
observed for the studied models of fibrosis (spontaneous biliary fibrosis in Mdr2-/- 
mice and steatohepatitis with fibrosis in mice fed with the choline-deficient, l-amino 
acid-defined (CDAA) diet), suggesting that the presence of steatosis could influence 
the response to the drug. Steatosis can affect drug disposition and pharmacokinetic 
properties by altering hepatic transporters and metabolism, and/or changing the 
drug’s intracellular concentration [28,29]. For example, omipalisib is a lipophilic 
compound and therefore its concentration might be higher in steatotic cells.  

By targeting a promiscuous signaling pathway, like PI3K/Akt, the multi-
mechanism feature of fibrosis could be addressed. However, its ubiquitous cellular 
presence increases the risk of side effects, especially for cells with fast turnover, such as 
intestinal epithelial cells. This is important since the treatment of fibrosis will probably 
be necessary long-term, which might favor oral administration. In Chapter 5 it was 
shown in both species that omipalisib was toxic for the small intestine, especially 
for human PCTS and to a lesser extent for mouse PCTS, further emphasizing the 
need for human tissue studies. These results also indicate that organ targeting could 
be necessary to limit side effects of omipalisib. Targeting should be directed to the 
main cells that produce the ECM. Although initially it was believed that the resident 
myofibroblasts are the main producers of ECM after injury, other hypotheses indicate 
that several other mechanisms could explain the cellular origins of fibroblasts. 
These mechanisms include: epithelial-mesenchymal transition (EMT) [30–34], 
endothelial-mesenchymal transition (EndMT) [35,36] and differentiation from 
bone marrow stem cells [37]. Nevertheless, these hypotheses are still controversial, 
as the contribution of new mesenchymal cells to fibrogenesis was questioned as a 
result of contradictory results from similar studies [38]. Interestingly, the PI3K/Akt 
pathway was reported to be a positive regulator of the transition processes [39–43], 
which could mean that its inhibition might also result in reduction of development, 
recruitment and activation of new myofibroblasts. 

Despite the fact that the PI3K/Akt pathway was activated in culture 
in both mouse and human liver PCTS, and its inhibition had a similar effect on 
ECM production, we observed a different effect on the regulation of Glycoprotein 
Nonmetastatic Melanoma Protein B (GPNMB) in these species (Chapter 
6). GPNMB is involved in fibrosis and ECM remodeling through fibroblast 
differentiation and matrix metalloproteinases (MMP) 3 and 9 induction [44–46]. 
GPNMB regulation has implications not only in fibrosis, but also in cancer research. 
GPNMB is highly expressed by melanoma and glioblastoma cells [47,48], and for 
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this reason a human monoclonal antibody of this protein was conjugated with an 
antineoplastic agent for a better cytotoxic effect. Therefore, compounds affecting 
GPNMB expression can influence the success of a potential cancer therapy [49].  

Our results show that species differences can be observed in PCTS and these 
have to be considered when using the mouse as a preclinical model. By comparing 
the profiles of key targets and canonical pathways in mouse and human in vitro, only 
the ones relevant for man should be selected for further investigation.

NASH model
Non-alcoholic fatty liver disease (NAFLD), and its more severe form, 

NASH, is an increasing problem around the world [50]. In the past decades, lifestyle, 
which includes food intake, food composition and physical activity, has changed 
significantly. The main food component culprits are saturated fats and refined 
carbohydrates [51]. The negative publicity for fats has led to the increase popularity 
of low-fat diets [52–54]. However, high fat foods can contain essential nutrients, as 
is the case for choline, which can be found especially in egg yolk and meat [55]. It 
was reported that around one quarter of the American population do not reach the 
recommended daily intake of choline [56,57]. The lack of choline is associated with 
fatty liver disease, as it is essential for fat metabolism [58]. 

The increasing prevalence of NAFLD/NASH worldwide makes this 
condition a hot topic for both academia and the pharmaceutical industry. Regarding 
the ex vivo approach, there are two options: 1) use steatotic livers to produce PCTS 
and 2) use healthy liver PCTS to induce fat accumulation with different additives 
in the culture media. We chose the first approach in Chapter 4, where we described 
the pro-inflammatory and profibrotic effect of culture on steatotic liver PCTS 
and showed that these slices do respond to further induction of inflammation and 
fibrosis with specific compounds: lipopolysaccharides (LPS) and TGF-b. Although 
inflammation and fibrosis are important features of NASH, there are still several 
questions left regarding the similarity between the mechanisms that drive fibrosis 
in vivo and in vitro/ex vivo. The goal of a model is to allow the study of disease 
mechanisms and to test potential treatments. We demonstrated that PPARa/d 
activation by elafibranor increases hepatic expression of target genes related to fatty 
acid catabolism, proving the suitability of PCTS to study the PPARa/d pathways. 
We were not able to obtain similar results for all aspects that were observed in vivo 
(reduction of fibrosis and inflammation), possibly due to the short time of incubation 
of the PCTS (48h). Limited culture time is one disadvantage of the PCTS model. 
Although progress was achieved in extending culture time, in particular for liver 
PCTS by culture in Cellartis® hepatocyte maintenance medium; however, this type 
of media is very expensive and the composition is unknown  [59]. Further studies are 
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necessary to assess which media additives are required for extending the incubation 
time frame. Longer culture would improve evaluation of drug efficacy, which in turn 
would increase relevance of results. Nevertheless, our results and previous studies 
using PCTS [60] show the potential of using this technique for NAFLD/NASH 
mechanistic and compound testing. 
 An interesting observation in Chapter 4 was the decrease of fat metabolism 
markers during culture. Similar effects were observed in healthy mouse and human 
healthy and diseased liver PCTS (Chapter 2 and 3). We argued that this is due to the 
media composition, which lacks fatty acids and insulin, whereas the concentration 
of glucose might be too high. The concentrations of media additives should be in a 
physiological range, as supraphysiological levels can lead to different pathology, as in 
the study of Prins et. al., where steatosis was induced in healthy rat liver PCTS (the 
second approach for an ex vivo NAFLD/NASH model) [61]. Once established, this 
method would shorten the experimental time frame, as it takes several months for 
the animals to develop a fatty liver, whereas microvesicular steatosis was observed 
in rat PCLS after 24h culture [61]. Nonetheless, is it important to compare the 
composition of the fat stored by hepatocytes ex vivo and in vivo, since lipotoxicity 
is related to both lipid amount and composition [62]. Another advantage of this 
approach would be the possibility of using healthy human liver PCTS to induce fat 
accumulation ex vivo. So far, we were not able to culture human steatotic liver PCTS 
successfully. Our main method of assessing viability, adenosine triphosphate (ATP) 
measurement, indicated very low levels of ATP in steatotic liver slices. There are two 
possible explanations for this. First, a high degree of steatosis might interfere with 
ATP determination and more markers should be used to investigate the state of the 
slices. Second, the tissue might not be viable due to the lipotoxicity generated during 
culture as a result of impaired lipid metabolism. The decrease of lipid metabolism 
during culture was illustrated in Chapter 4 by the reduced expression of anabolism 
and catabolism markers, and in Chapter 2, where the canonical pathways of LXR/
RXR activation and fatty acid b-oxidation I showed strong inhibition. The same 
problem was encountered for very steatotic murine liver slices that were obtained 
from db/db mice, a model of diabetic dyslipidemia [63]. The liver of these mice 
reached a weight of 6 g, which was considerably higher than the liver weight of the 
mice that we used for our experiments in Chapter 4 (Amylin liver NASH (AMLN) 
model – 4 g and CDAA – 3g). This could point that a high degree of steatosis could 
restrict the use of slices. 
  NASH is the severe form of NAFLD. The mechanisms that drive the 
transition from steatosis to inflammation and fibrosis are not well understood. 
Nevertheless, increasing evidence suggests that deregulation of the PI3K/Akt 
pathway might cause disease aggravation [64,65]. 
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This could be explained by the following mechanisms:
•  PI3K has a positive regulator role for immune cell activation [66];
•  Reactive oxygen species, which play an important role in NAFLD 

pathogenesis [67], can initiate cell proliferation and survival via the 
PI3K pathway [68]; 

•  The lack of PTEN inhibition is associated with steatosis, 
inflammation and fibrosis, as shown by mice with liver specific PTEN 
deletion, which spontaneously develop biochemical and histological 
evidence of NASH [69]. 

These aspects could indicate that inhibiting the PI3K pathway could have 
promising results. In Chapter 5 we observed an antifibrotic effect of omipalisib 
in CDAA PCLS. This effect was smaller than the antifibrotic effect in slices from 
Mdr2-/- mice, which could be due to changes in pharmacokinetics, as previously 
discussed. Further studies are necessary to provide novel insights into the intracellular 
mechanisms of PI3K/PTEN in NAFLD. 

Biomarkers 
Fibrosis is a common pathology that is associated with several chronic 

diseases and can affect many organs. Therefore, finding an organ-specific biomarker 
can be problematic. Moreover, collagen, the main protein that composes ECM is 
constantly synthesized and degraded in the body, as a result of physiological processes 
[70]. It is important to identify which specific biochemical marker describes the 
ECM turnover process. The production of new ECM could be evaluated with 
cleaved pro-peptides resulting from collagen type I formation, whereas degradation 
could be assessed based on markers resulted from MMP-mediated degradation of 
collagen I and III [70,71]. PCTS culture is characterized by a profibrotic response; 
therefore, new collagen will be synthesized and measuring its pro-peptide could be 
used as a preclinical marker of effective antifibrotic compounds, as shown in Chapter 
5. Beside fibrosis, other degenerative diseases involve ECM components, such as 
osteoporosis and osteoarthritis, making structural proteins unspecific in patients 
with associated conditions. 

New markers, related preferably only to fibrosis, are urgently needed for 
diagnosis, evaluation of disease progression and treatment benefits. Regarding 
GPNMB (Chapter 6), we think it might be a potential preclinical marker for diseased 
livers with fibrosis. Nevertheless, our results raise questions regarding the relevance 
of GPNMB studies performed in mice, in view of the distinctive RNA-Seq results 
of human and mouse organs PCTS. This is of importance in a disease like NAFLD, 
which can affect several organs beside the liver [72]. The distinct PI3K regulation of 



General discussion and perspectives

203

7

human and mouse healthy and diseased liver PCTS supports the aforementioned 
species differences. 
 Spontaneous fibrosis-like changes in PCTS culture, together with the 
possibility of using healthy and diseased human organs, make PCTS an advantageous 
model for identifying and evaluating possible fibrosis biomarkers.

Challenges of PCTS 
Although healthy PCTS can be obtained from virtually any organ and the 

slices will be similar between each other, diseased tissue PCTS can impose difficulties, 
especially when investigating fibrosis that is not uniformly distributed across an organ. 
This is the case for intestinal fibrosis, which can be caused by several enteropathies 
(e.g. inflammatory bowel disease, radiation and medication) [73]. Excessive ECM in 
the intestine will lead to strictures in the small or large intestine, but only in a certain 
region. Similar results are obtained with animal models of intestinal fibrosis [74]. The 
patchy distribution of fibrosis is inconvenient for intestinal PCTS preparation, since 
the resulting slices will have different morphological characteristics. In the attempt 
to obtain fibrotic intestinal PCTS, we used the chronic TNBS model in Balb/c mice 
[75]. Picro sirius red staining (Figure 2) of paraffin embedded sections revealed 
fibrosis only in the distal colon, where the exposure to the damaging compound was 
higher, and not in the proximal colon. 

Figure 2. Picro sirius red staining of mouse colon. The staining indicates nonfibrotic 
proximal colon and fibrotic distal colon in Balb/c mice treated with 2,4,6-trinitrobenzene 
sulfonic acid (TNBS) for 6 weeks (magnification 10x).

The impossibility of determining the location of intestinal fibrosis by eye, 
together with the patchy distribution of ECM deposition, make murine models on 
intestinal fibrosis unsuitable for intestinal PCTS preparation. 
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 Important players of fibrosis that are missing in PCTS are the circulating 
immune cells. This limitation could be addressed by using a co-culture system of 
immune cells and PCTS. We performed a pilot study of this approach, by co-
culturing fibrotic liver PCTS from Mdr2-/- or CCl4-treated mice with polarized 
macrophages. Preliminary results showed that macrophages remain viable during 
24h incubation in our culture system and they induce changes on the mRNA levels 
of different fibrosis and inflammation markers. 

 

 The studies presented in this thesis described the complexity of processes 
occurring during PCTS culture, the use of PCTS for assessing drug efficacy and 
their potential as a platform for biomarker research. Given these points, in this thesis 
we showed the suitability and versatility of the ex vivo model of PCTS for fibrosis 
research. We believe our studies will help advance the understanding of this model 
and its potential in preclinical studies. Moreover, PCTS contribute to the principles 
of the 3Rs on the use of animals in scientific research:  replacement – human tissue 
can be used instead of animal tissue, reduction – several organs can be used from one 
animal, reducing the total number of used animals, and refinement – fibrosis can be 
induced ex vivo starting from healthy mice, which means less discomfort to animals.  
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Perspectives 

ECM is a complex three-dimensional network of proteins and carbohydrates, 
with an essential role for tissue development, structure and hydrostatic pressure 
maintenance. The increased production and/or impaired degradation of ECM can 
progress into the pathological process called fibrosis. This is encountered in many 
diseases and has no successful treatment due to its mechanistic complexity, and lack 
of relevant preclinical models. Using a model that preserves organ structure and can 
be obtained from human tissues could produce more relevant results than animal 
experiments. 

Future research for PCTS should attempt to reduce the current limitations 
of the model: short incubation time, lack of circulating immune cells and inter-
organ communication. First, to address the problem of time-dependent reduction 
in viability, cultivation conditions should be molded to the biological processes 
triggered by culture, especially those promoting cellular damage. Prolonged viability 
would permit better assessment of drug efficacy, by enabling the determination of 
protein changes, in addition to transcriptional changes. Second, the effect of the 
circulating immune cells could be assessed through a co-culture system, although it 
is essential to investigate how our culture system (80% O2) impacts the immune cells. 
Nevertheless, lung PCTS can be cultured in traditional conditions (20% O2), making 
them a suitable candidate for the study of this type of co-culture. Lastly, optimizing 
PCTS for a microfluidic system could assess inter-organ communication.  

We believe that improved comprehension of the PCTS model can lead to 
its integration into fibrosis research and drug testing. The ex vivo model of PTCS 
will never provide all the answers, but continuous effort is the key to unlocking its 
potential. (adapted from Winston Churchill) 
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