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Pneumonia & Sepsis 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to an 

infection1,2. The most frequent cause of sepsis is pneumonia3 and although multiple types of 

pathogens can cause pneumonia, most commonly bacteria cause this infection4. When pathogens 

invade the lung, the innate immune system quickly responds (the ‘host response’) and recruits 

immune cells to the site of infection. These immune cells - such as neutrophils, monocytes, 

macrophages - try to kill the bacteria. When this is insufficient, bacteria can continue to grow and 

will eventually invade the blood vessels. From there, they can spread throughout the body and 

consequently increasingly activate the immune system. This also induces activation of platelets 

and the coagulation system5,6, leading to occlusion of small blood vessels.  When the blood vessels 

that supply the organs with blood become clogged with small thrombi, the organs start to fail6,7 – 

most commonly occurring in the kidney, liver and brain. When patients with an infection have 

organ failure as a result of this dysregulated host response, we speak of sepsis4. Patients with 

sepsis are severely ill and require medical support to maintain normal functions (e.g., blood 

pressure, renal function and breathing). Despite antibiotic treatment, mortality of sepsis remains 

high1. 
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Figure 1. Pneumonia. When pathogens  (such as bacteria) infect the lung, the immune system responds and triggers 
an inflammatory response causing an influx of neutrophils and other immune cells. (A) Macroscopic view of the lungs, 
with pneumonia (in pink). (B) Microscopic view of the lungs during pneumonia. Source: (A) smartdraw.com, (B) 
modified from de Stoppelaar et al., TH 2014. 
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Platelets 

Platelets are very abundant cells in the blood, with approximately 150-400 billion platelets per 

litre of blood8. Platelets, produced in the bone marrow by megakaryocytes,  are anuclear cells that 

are known for their role in hemostasis (the stopping of bleeding)8,9. This crucial function of 

platelets was already discovered in 1882 by Guilio Bizzozzero, who described that platelets could 

change shape and form an aggregate on an injured blood vessel10. 

Platelets have multiple ways to stop bleeding of a damaged blood vessel. Platelet receptors 

Glycoprotein (GP)Ibα-IX-V and GPVI bind to respectively Von Willebrand Factor and collagen, 

which are exposed at vessel wall damage. This binding results in adhesion of platelets, shape 

change and release of adenosine diphosphate (ADP), thromboxane A2 (TXA2) and various granule 

components. This release potentiates the activation of the platelets bound to the vessel wall and 

attracts and activates more platelets. These platelets will than bind to (and activate) each other via 

e.g. the GPIIb/IIIa receptor and fibrinogen, creating a positive feedback loop resulting in platelet 

aggregation and a platelet plug, which can seal the damaged vessel8. Apart from activating each 

other, platelets can potentiate the coagulation system11. Activated platelets can express 

phosphatidylserine, which functions as a negatively charged surface needed for the optimal 

conversion of coagulation factors11. The coagulation cascade leads to the formation of thrombin, 

which in turn is a potent platelet activator12. In this way platelets and the coagulation system can 

amplify each other at the site of vessel wall damage. Moreover, thrombin induces the formation of 

fibrin13.  Fibrin strands in and around the platelet plug retract and make the clot more stable11 

(Figure 2). In addition, fibrin can activate platelets via GPVI14.  
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Figure 2. Platelets in hemostasis. When a blood vessel is damaged, platelets form a plug which becomes more stable 
by fibrin strands. (A) Bleeding. (B) Clot formation by platelets and fibrin. Source: modified from de Stoppelaar et al., TH 
2014.   
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As mentioned above, platelets have various receptors that help them function properly. These 

receptors are on the outer surface of the platelet (Figure  3) and can bind to proteins e.g. on the 

(damaged) vessel wall15. Among these receptors are the collagen receptor GPVI, Von Willebrand 

Factor receptor GPIb and podoplanin receptor C-type lectin-like receptor 2 (CLEC-2)9. All these 

receptors have their own specific proteins to which they bind, which subsequently results in 

platelet activation. Platelets also possess multiple types of granules, including alpha and dense 

granules, which are filled with numerous proteins. The content of these granules – once released - 

can activate other platelets, the coagulation system and also immune cells15.  
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Figure 3. Platelet receptors and granules. (A) Schematic 
overview picture of a platelet. Multiple granules and receptors 
are depicted. (B) Electron microscopy picture of a blood platelet 
with alpha granules (ag) and dense granules (dg). Source: (A) de 
Stoppelaar et al., TH 2014.  (B) Anita E. Grootemaat, EM 
department AMC. a
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Platelets in pneumonia & sepsis 

In recent years it has become clear that apart from a role in hemostasis, platelets can also 

participate in the immune response9,15,16. This is not entirely surprising when you consider 

evolution; in invertebrates, only one cell - the hemocyte - regulates both immunity and 

hemostasis17. These hemocytes can kill invading pathogens and also initiate clotting. Moreover, as 

platelets are the most abundant cells present in our blood, they can be the first to react when a 

pathogen enters the bloodstream.  

Platelets can influence immunity in multiple ways15. They can directly kill bacteria by release of 

antimicrobial peptides15. They can also influence other immune cells – e.g. neutrophils and 

monocytes - by binding to them or secreting factors that influence their function9,15,16. This can 

increase the recruitment of immune cells to the site of infection and also potentiate pathogen 

phagocytosis and killing18. Platelets can also induce neutrophil extracellular trap (NET) 

formation19,20. NETs are the released interior of a neutrophil (including DNA strands, histones and 

neutrophil granules) outside the cell, which can capture bacteria19,20.  Platelets can also modulate 

cytokine production of leukocytes21-23. Interestingly, platelets can both up and downregulate 

cytokine production, depending on stimulus and setting24.  

Apart from interactions with immune cells, platelets are also at close interplay with the 

coagulation system. As mentioned above, activated platelets can catalyse the conversion of 

clotting factors, resulting in increased coagulation9 and in turn thrombin and fibrin can activate 

platelets12,14. A clot of platelets, fibrin and leukocytes25 may effectively capture pathogens in the 

bloodvessels26. This process is called immunothrombosis and can prevent spreading of the 

bacteria throughout the body26 (Figure 4).    
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Figure 4: Electron microscopy picture of a mouse lung infected with Klebsiella, resulting in pneumonia.      
The picture depicts local thrombosis, surrounding Klebsiella bacteria. Visible are fibrin strands(1), red blood cells(2), 
leukocytes(3) and platelets(4) filling up the lung alveoli(5) and surrounding bacteria(6). The concept in which 
coagulation aids in containment of bacteria is called immunothrombosis. Photo by H. van Veen, EM department AMC. 

 

Role of platelets in vascular integrity during infection 

During inflammation and infection platelets also prevent bleeding, but use different mechanisms 

than at traumatic vessel wall damage (as described above)27. For instance, the aggregating of 

platelets together is not important to stop bleeding during infection27. During sterile inflammation, 

platelet receptors GPVI and CLEC2 mediate vascular integrity by binding to damaged spots made 

by neutrophils28. During infection, platelets also prevent bleeding, but how they do this is not clear 

yet. 

 

Platelets and organ damage  

Apart from beneficial effects, platelet activation and interactions between platelets, leukocytes 

and the coagulation system can result in occlusion of small blood vessels29. This will reduce the 

supply of blood to the organs and can lead to organ failure – a key feature of sepsis. Moreover, 

continuous activation of platelets and the coagulation system can lead to consumption of platelets 
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and coagulation factors5,30. This can result in a reduced platelet count (thrombocytopenia) and 

diffuse intravascular coagulation (DIC)30. During DIC, excessive thrombus formation and bleeding 

occur at the same time, making DIC a condition with a high mortality which is difficult to treat30.  

 

This thesis 

The aim of this thesis is to investigate how platelets aid in the immune response during 

pneumonia and sepsis. More specifically, by assessing the effect of platelet depletion or deficiency 

of platelet receptors, signalling components or granules during murine pneumonia and sepsis, we 

aim to gain more insight into how platelets influence immunity. Moreover, by studying the 

association between platelet counts and immune responses in human sepsis patients, we aimed to 

translate our findings in mice to humans. 

Part I describes the influence of the platelet as a whole on immune responses during sepsis. In 

Chapter 2 we study the effect of different platelet counts on immune responses in sepsis patients 

on the Intensive Care Unit. In Chapter 3 we assess the effect of platelet depletion on outcome and 

host defense during a murine model of gram-negative pneumosepsis. 

In Part II we try to characterize how platelets mediate their protective and immunomodulatory 

effect during sepsis. In Chapter 4 we study the role of platelet receptors GPVI and CLEC2 in murine 

pneumosepsis. In Chapter 5 we study the importance of Bruton’s Tyrosine Kinase, a downstream 

signalling protein of platelet receptors GPVI and CLEC2. In Chapters 6-8 we investigate the role of 

platelet Toll-like receptor signalling in both gram-negative and gram-positive murine 

pneumosepsis, as well as in human sepsis patients. In Chapter 9 and 10 we study the importance 

of platelet alpha and dense granules in murine pneumosepsis.  

In Part III we additionally study pathways related to platelets. In Chapter 11 we study the 

importance of Peptidylarginine deiminase-4 (PAD4) in the formation of NETs and host defense in 

murine sepsis. We also examined the contribution of the coagulation system to the host response: 

in Chapter 12 we study the role of the crucial coagulation protein thrombin in host defense during 

murine pneumosepsis. 

The results of our investigations are summarized and discussed in Chapter 13. 
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