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Chapter 1. General Introduction 



571076-L-bw-Meijer571076-L-bw-Meijer571076-L-bw-Meijer571076-L-bw-Meijer
Processed on: 14-12-2021Processed on: 14-12-2021Processed on: 14-12-2021Processed on: 14-12-2021 PDF page: 10PDF page: 10PDF page: 10PDF page: 10

The main focus of the research presented in this thesis lies on the expression and 
function of Tenascin C (TNC) in critical illness, in particular sepsis, pneumonia and the 
acute respiratory distress syndrome (ARDS). We in addition present an observational 
study in critically ill patients with abdominal sepsis or non-infectious abdominal 
disease focusing on changes in the plasma levels of Trefoil Factor 3 (TFF3). This 
chapter aims to introduce the main topics of this thesis in a broader context. 

Sepsis 
While the word sepsis was already used in a clinical context by Homer and 
Hippocrates, its first clinical definition was released in 1992 (1). Since then, two more 
consensus definitions followed; the most recent one was published in 2016 under the 
name sepsis-3 (2). Herein, sepsis is defined as “life-threatening organ dysfunction 
caused by a dysregulated host response to infection”, or, in lay terms, “a life- 
threatening condition that arises when the body’s response to an infection injures its 
own tissues and organs” (2). Patients with septic shock demonstrate profound 
circulatory and/or cellular and metabolic abnormalities, in addition to the organ 
dysfunction and infection that define sepsis (2). While all patients suffer from “a 
failure to return to homeostasis” (3), sepsis remains a very heterogeneous syndrome. 
In order to improve therapeutic options, much effort is made to stratify patients into 
different groups that would inform therapeutic choices (3-5). Indeed, it has been 
suggested that the rapid discovery of therapeutic options against viral sepsis in the 
battle against COVID-19 demonstrates that using more homogenous subgroups of 
septic patients is crucial in improving patient care (6). However, while almost 200 
biomarkers of sepsis have been evaluated in the past decades, few of them have been 
studied in detail and they have not proven helpful for patient stratification (7). 

Sepsis accounts for approximately 6% of adult hospitalizations and 10-37% of ICU 
admissions in high-income countries (8). Despite the availability of antibiotics, in the 
western world sepsis mortality rates in the first 3 months are reported at 25-30%, 
rising to 40-60% for septic shock (9, 10). In addition, sepsis is associated with adverse 
long-term outcome and quality of life, and mortality rates have not significantly 
decreased over the past decade (9, 10). However, the world-wide incidence of sepsis is 
rising, which is thought to be due to changes in demographics, with the elderly being 
more susceptible to sepsis, as well as the rise in antimicrobial resistance and increased 
use of immunosuppressive drugs (8). 

Sepsis most commonly results from pneumonia, followed by peritonitis and 
genitourinary infections (8, 11). Culture positive patients most often have gram- 
negative (38-62%) or gram-positive (40-52%) bacterial infection. Increasing numbers of 
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patients with pneumosepsis – sepsis caused by pneumonia - are attributed to bacteria 
originally associated with hospital-acquired infections, such as the gram-negative 
bacterium Klebsiella (K.) pneumoniae and the gram-positive methicillin resistant 
Staphylococcus aureus (12-15). In about half the patients hospitalized for community- 
acquired pneumonia (CAP), no causative organism can be identified despite extensive 
testing, indicating a large gap in our knowledge of this common disease (16). Of 
course, during the current pandemic CAP is often caused by the coronavirus SARS- 
CoV-2, the causative agent of COVID-19 (17). 

Abdominal sepsis, or secondary peritonitis, can be caused by a spontaneous 
perforation, complicated diverticulitis or as a complication of elective abdominal 
surgery (18). Community-acquired peritonitis is usually caused by microbes normally 
present in the gastrointestinal microbiome (19). However, hospital-acquired 
peritonitis is more dependent on the local health care environment, and may more 
frequently present with drug-resistant bacteria. Management depends on (surgical) 
source control to stop contamination in conjunction with appropriate antibiotic 
therapy and hemodynamic support (19). 

Sepsis manifests when, upon infection, both pro- and anti-inflammatory immune 
responses become dysregulated. Excessive immunosuppressive signalling can impair 
anti-microbial response, while pro-inflammatory pathways may result in extensive 
tissue damage and the release of damage associated molecular patterns (DAMPs) (3, 
20, 21). While DAMPs are important mediators in pathogen clearance and tissue 
repair mechanisms, they are also associated with adverse outcome during critical 
illness in general (22) and during sepsis specifically (23). DAMPs can be released during 
necrotic processes and in response to immune signalling, and as they can enhance 
pro-inflammatory signalling they have been suggested to contribute to excessive 
inflammation during sepsis, and therewith to tissue damage, organ failure and 
eventually death (3, 24). However, the underlying mechanisms have not yet been 
elucidated. 

In addition to DAMPS, other positive feedback loops in systems such as cytokine 
signalling, the coagulation system and vascular endothelium may contribute to 
excessive pro-inflammatory signalling, while for instance metabolic changes and the 
apoptotic loss of lymphoid cells may contribute to immune suppression (8). 

Acute Respiratory Distress Syndrome 
Most instances of Acute respiratory distress syndrome (ARDS) develop in the context 
of pneumonia, or during non-pulmonary sepsis, although it may also occur in a sterile 
setting such as aspiration of gastric contents or major trauma (25). ARDS is a syndrome 
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defined according to the Berlin definition by respiratory failure within one week of a 
known insult that Is not fully explained by cardiac dysfunction or volume overload (26, 
27). Cases can be classified as mild, moderate or severe based on the PaO2/FiO2 ratio 
(26, 27). It is characterized by interstitial and alveolar oedema, involving fluid, protein, 
neutrophil and red blood cell accumulation in the alveolar space. However, the 
diagnosis of ARDS depends wholly on clinical parameters, as it is usually not possible 
to take pathology samples to measure lung injury, and there are currently no methods 
to diagnose ARDS based on the distal airspace or blood samples (25). 

In the absence of an objective marker for ARDS, the syndrome remains under- 
recognized and under-treated (25). However, US studies indicate a prevalence of ARDS 
in approximately 10% of ICU patients, with a hospital mortality of 34-46% depending 
on severity (25). In addition, the presence of ARDS negatively affects long-term 
outcome (28). Moreover, ARDS is a heterogeneous syndrome. Therefore, the 
development of new biomarkers for diagnostic, prognostic or patient stratification 
purposes may aid our understanding of ARDS as well as patient care. 

Tenascin C 
TNC is a large (>20kDa) hexameric extracellular matrix (ECM) protein that has binding 
sites for a wide array of signalling proteins (29, 30). It consists of a Tenascin Assembly 
domain, where the hexamers are formed, Epidermal Growth Factor-Like (EGF-L) 
Repeats, Fibronectin Type III (FNIII)-Like Repeats, and a Fibrinogen-Like Globe (FBG). 
Despite its size, it does not form part of the ECM structure but instead acts as a 
matricellular protein, regulating signalling through direct interaction with over 25 
different signalling proteins binding to the 4 domains (30, 31). While TNC is highly 
expressed during embryonic development, its expression in adult tissue is limited. 
Nonetheless, it is upregulated in response to various forms of cellular stress, ranging 
from mechanical stress to pro-inflammatory cytokines (30). TNC has long been known 
to be involved in nervous regeneration, wound healing and pulmonary remodelling, 
and has become a frequent read-out of pulmonary fibrosis (29, 30). However, more 
recent studies have indicated that TNC is not only produced in response to pulmonary 
damage that results in fibrosis, but may also drive the persistence of fibrosis in a 
positive feedback loop (32, 33). 

In 2009, Midwood et al. described a model of rheumatoid arthritis using TNC-deficient 
(TNC-/-) and TNC-sufficient (TNC+/+) mice (34). While both genotypes responded to the 
induction of inflammation in the joints in a similar fashion, only the TNC+/+ mice 
developed chronic inflammation while the TNC-/- mice showed resolution of the 
inflammation after the initial 24 hours. Further experiments showed that the FBG 
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domain is able to directly interact with the important pro-inflammatory pattern 
recognition receptor Toll-like receptor (TLR)4. Thus, the authors proposed TNC as a 
putative DAMP that drives persistent inflammation. 

Since then, it has been shown that TNC activates a distinct signalling cascade, which 
enhances IL-6 production more than tumor necrosis factor (TNF), in contrast to the 
prototypic TLR4 agonist and bacterial pathogen associated molecular pattern (PAMP) 
lipopolysaccharide (LPS) (35). However, silencing of TNC by a specific small interfering 
RNA suppressed LPS-induced cytokine production (36) and TNC-/- mice became less 
severely ill upon LPS injection which was associated with a lower production of TNF 
and IL-6 (37). This suggest that in addition to its ability to activate TLR4 signalling, TNC 
also modulates the innate immune response to LPS. Finally, TNC is production can be 
induced using the synthetic immunostimulant Poly I:C, which stimulates TLR3 and 
mimics a viral PAMP (38). Together, these studies strongly indicate an important role 
for TNC in the modulation of the innate immune response. Nonetheless, it should be 
noted that all of these models induced sterile inflammation. While such models allow 
for an exact control of the inflammatory response, they offer a limited perspective on 
the complexity of the immune response during infection. 

Trefoil Factor 3 
In contrast to TNC, Trefoil factor 3 (TFF3) is a small peptide of 59 amino acids which 
form a trefoil domain: 3 loops created by 3 pairs of disulphide-linked cysteines (39). It 
is primarily secreted together with mucins by intestinal goblet cells (39). Like TNC, 
TFF3 plays an important role in defence and repair mechanisms, although TFF3 exerts 
its role by promoting epithelial restitution, a rapid process where the epithelial barrier 
is restored through the migration of viable cells to the site of injury (40). In addition, 
TFF3 inhibits apoptosis in response to inflammatory stress, thereby preserving the 
integrity of the intestinal barrier through tight junctions (41). Elevated plasma levels of 
TFF3 are considered to be reflective of intestinal epithelial damage (42). In 
accordance, a study including 70 children with sepsis or a systemic inflammatory 
response syndrome showed that high TFF3 plasma levels are associated with multiple 
organ damage (43). 

Outline 
In Part I of this thesis, we study the association of two molecules with critical illness 
and sepsis in the clinic. In Chapter 2, we describe the temporal dynamics of plasma 
TNC in critically ill patients, and evaluate its prognostic and diagnostic potential in the 
context of infection and sepsis. Chapter 3 focusses on the relationship between TNC 
and acute respiratory distress syndrome. In Chapter 4, we look at abdominal sepsis, 
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and evaluate plasma TFF3 as a marker of disease severity and outcome. Part II shifts to 
pre-clinical studies. In Chapter 5 we study the role of TNC during Klebsiella 
pneumoniae-induced pneumosepsis using a murine constitutive knock-out model 
while Chapter 6 investigates the development and resolution of pneumonia as a result 
of a pulmonary infection with methicillin-resistant Staphylococcus aureus. 
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1
and evaluate plasma TFF3 as a marker of disease severity and outcome. Part II shifts to 
pre-clinical studies. In Chapter 5 we study the role of TNC during Klebsiella 
pneumoniae-induced pneumosepsis using a murine constitutive knock-out model 
while Chapter 6 investigates the development and resolution of pneumonia as a result 
of a pulmonary infection with methicillin-resistant Staphylococcus aureus. 
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