
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Infectious diseases and fibrotic disorders: Potential novel targets

Duitman, J.

Publication date
2014

Link to publication

Citation for published version (APA):
Duitman, J. (2014). Infectious diseases and fibrotic disorders: Potential novel targets. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/infectious-diseases-and-fibrotic-disorders-potential-novel-targets(cbf972d1-ef15-4ea6-b288-3cbfccd4b51d).html


12
General discussion and summary

PS JanWillem Duitman_2014-01v2.indd   167 28-03-14   10:37



168

CHAPTER 12

SUMMARY
Chapter 1 gives an overview of the functions of C/EBPδ that are currently known, focusing 

on the role of C/EBPδ in inflammation, cell proliferation and apoptosis, which are the most 

relevant processes for the studies presented in this thesis. The knowledge on C/EBPδ in 

infectious disease specifically is extended in the different chapters that follow in part 1 of 

this thesis. In chapter 2 the role of C/EBPδ during experimental pneumococcal pneumonia 

has been studied. We show that C/EBPδ aggravates the outcome of pulmonary S. pneu-

moniae infection in a Platelet-Activating Factor Receptor (PAFR)-dependent manner. C/

EBPδ-/- mice were protected during pneumococcal pulmonary infection which was evident 

from lower bacterial dissemination and increased survival. Subsequently, in chapter 3 we 

investigated the role of C/EBPδ during K. pneumoniae-induced pneumonia to elucidate 

whether C/EBPδ is also detrimental during gram-negative pneumonia. We show however 

that C/EBPδ is beneficial during pulmonary infection with K. pneumoniae. Indeed, Klebsiel-

la-induced mortality was significantly increased among C/EBPδ-/- mice and we hypothesize 

that the lack of macrophage mobilization in C/EBPδ-/- mice is a key mechanism causing the 

higher mortality rates. Shortly after publication of chapter 3 another study about the role 

of C/EBPδ in pulmonary inflammation was published with seemingly contradictive results. 

Chapter 4 discusses the different results on C/EBPδ of chapter 2 and 3 in the perspective 

of the publication in this recent paper and deliberates about the possible role of C/EBPδ 

during lung infection and inflammation. We conclude that C/EBPδ is an important player 

in inflammation but its role seems complex and is far from understood and therefore we 

should be careful to extrapolate murine data to human disease and to the subsequent 

clinical implementation.

  Chapter 5 aims to elucidate whether C/EBPδ plays an important role during E. coli-

induced urinary tract infection and describes the effect of C/EBPδ deficiency in a murine 

model for acute urinary tract infection. We show that C/EBPδ does not play an important 

role during this infection as evident from similar bacterial clearance rates in both wildtype 

and C/EBPδ-/- animals. The last chapter of part I focus on the role of C/EBPδ in renal fibro-

sis using a murine model. In this chapter (Chapter 6) we show that C/EBPδ is protective 

during renal fibrosis as is evident from enhanced tubular injury, collagen deposition in the 

interstitial area, and higher expression of transforming growth factor-β in C/EBPδ-/- mice as 

compared to wildtype mice. Several possible mechanisms (e.g.: macrophage influx and the 

balance in proliferation and apoptosis) responsible for this protective effect are investi-

gated with no positive result however. 
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The second part of this thesis extents our knowledge on the role of different PARs during 

fibrotic disease. Both PAR-1 and PAR-2 have been described to play an important role in 

cellular processes leading to excessive matrix accumulation in different organs like (among 

others) lung and liver (described in Chapter 7). Subsequently, Chapter 8 shows the results of 

an experiment in which PAR-1 signaling was blocked before and after the induction of lung 

fibrosis. Inhibiting PAR-1 signaling was effective in limiting the development of pulmonary 

fibrosis, even when administration of the antagonist was started 7 days after induction of 

fibrosis. The results of this chapter are highly interesting especially as pharmacological treat-

ment of lung fibrosis even after the onset of fibrosis is clinically very relevant. In Chapter 9 

we aimed to elucidate whether PAR-4 also contributes to pulmonary fibrosis. We observed 

that wildtype and PAR-4-/- mice developed fibrosis, but there were no differences in the 

severity of fibrosis or in the expression of fibrotic markers like collagen and fibronectin in 

PAR-4-/- mice compared with wildtype controls. Overall, these results demonstrate that PAR-4 

does not play a significant role during pulmonary fibrosis. Chapter 10 aims to assess the con-

tribution of PAR-1 to the development of (burn)wound-induced dermal fibrosis and attempts 

to elucidate the underlying mechanism that leads to the thickening of the skin upon PAR-1 

activation. We show that PAR-1 contributes to the development of skin fibrosis in a mouse 

model of bleomycin-induced skin fibrosis as evident from reduced dermal thickening and 

extracellular matrix (ECM) deposition in PAR-1-/- animals as compared to wildtype controls. 

We suggest therefore that PAR-1 potentiates the fibrotic response by inducing fibroblast pro-

liferation and ECM production. Next, in chapter 11, we aimed to elucidate the role of PAR-2 

on the development of (burn)wound-induced skin fibrosis. Genetic ablation of PAR-2 exerted 

potent antifibrotic effects and reduced dermal thickening, fibroblast proliferation and ECM 

deposition during bleomycin-induced skin fibrosis. Using in vitro experiments we were able 

to show that PAR-2 on HDF potentiates the fibrotic response by inducing proliferation and 

ECM production and we hypothesize that these processes are the key mechanisms by which 

PAR-2 contributes to skin fibrosis in vivo.

GENERAL DISCUSSION
In the first part of this thesis we intended to obtain further insight in the role of C/EBPδ in 

the inflammatory response especially during infectious disease. C/EBPδ is generally accept-

ed to act as a pro-inflammatory transcription factor and several studies show that C/EBPδ 

may act as transcriptional activator of different pro-inflammatory cytokines. Indeed, in 

response to LPS, administered either systemically or intranasally, C/EBPδ deficiency leads 

to a dampened inflammatory response as evident from lower cytokine levels (e.g. IL-6 or 
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TNF-α) as described, but not shown, in chapter 4 and reference 1 and 2.1;2 Although inflam-

mation is a key process in the host response to bacterial infection, excessive and prolonged 

exposure of different body tissues to inflammation can result in tissue damage, ultimately 

leading to multiple organ failure and subsequent dead. Our finding that C/EBPδ is benefi-

cial during Klebsiella pneumoniae-induced pulmonary infection suggests therefore that this 

might be due to the regulation of the inflammatory response. Surprisingly, we did not find 

a role for C/EBPδ in cytokine production that could be responsible for the observed effect, 

but macrophage migration was however decreased in C/EBPδ-/- mice. On the other hand, 

we show that the loss of C/EBPδ protects against infection by Streptococcus (S.) pneu-

moniae. While this result appears at odds with the aforementioned results, this particular 

phenotype is explained by the role of C/EBPδ in lung epithelial PAFR, the receptor used 

by S. pneumoniae to enter the organism, expression. Therefore, the relative resistance of 

C/EBPδ deficiency to S. pneumoniae is unrelated to C/EBPδ’s role in the immune system 

and no conclusions about the role of C/EBPδ in cytokine production can be drawn from 

this study as the bacterial loads already skew the response to one side. Strikingly, also 

during Escherichia (E.) coli-induced acute urinary tract infection no differences in cytokine 

production were observed between C/EBPδ-/- mice as compared to wildtype mice. This is 

particularly interesting as a previous study shows that IL-6 mRNA levels were reduced in C/

EBPδ-/- mice in response to E. coli-induced peritonitis.3 Lastly, during renal fibrosis, induced 

by unilateral ureteral obstruction, we did not find a role for C/EBPδ in the inflammatory 

response, as measured by macrophage infiltration or cytokine production. 

  Our results clearly show that the role of C/EBPδ in inflammation is complex and not as 

straightforward as one might have thought. A possible explanation of the seeming con-

tradictive results may reside in the fact that during bacterial infections different signalling 

pathways are activated4-6, whereas previously reported results showing a role for C/EBPδ in 

cytokine regulation are mainly obtained using single pathway activators (e.g.: LPS and IgG 

Immune complexes).1;2;7 Knowledge about the role of C/EBPδ in the inflammatory response 

derived from the studies described in this thesis have to be further extended, investigating 

the seeming contradictive results on inflammation and to integrate results from differ-

ent studies described elsewhere to get a better view on the precise role of C/EBPδ during 

inflammation and infectious disease. 

In the second part of this thesis we aimed to get more insight into the role of PARs in 

fibrosis. Several studies already showed that PARs play a key role during fibroproliferative 

disease of different organs. Indeed, genetic ablation of PAR-1 limits fibrosis in the lung8 
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and liver9, whereas PAR-2 deficiency protected against the development of lung10, liver11 

and kidney12 fibrosis. The results described in this thesis show that PAR-1 and PAR-2 both 

contribute to the fibrotic response in the skin and the role of these receptors in fibrosis 

might well be part of a more general mechanism, rather than a tissue specific mechanism. 

Interestingly, we also show that pharmacological inhibition of PAR-1 protected against 

bleomycin-induced pulmonary fibrosis even when administered after the induction of the 

fibrotic process. This is particularly of interest for the treatment of patients suffering from 

pulmonary fibrosis as not many treatment options have proven to be highly effective. 

Further studies are however needed before the inhibition of PAR-1 will be available as a 

standard treatment option as all data described are obtained using murine models.

Although a potential role for PAR-4 in lung fibrosis has been suggested13;14, PAR-4 does not 

seem to play an important role during the fibroproliferative response, at least for the lung. 

Whether this holds also true for different organs remains elusive, but contribution of PAR-

4 in fibroproliferative disease is definitely not a general mechanism.
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