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aiming to improve the tissue response. Through its interaction with heparin-binding cytokines 

and growth factors, heparin is known to have anti-inflammatory properties. In addition, the 

heparin coating changes the physicochemical properties of the PET surface, which could alter 

the formation of the material-protein interface, and therefore the cell-material interaction. Our 

hypothesis was that the heparin coating would reduce the (chronic) inflammatory response to 

knitted PET, and the formation of a fibrous capsule. We found that FBGCs were surrounding 

the fibers of both the uncoated and the heparin-coated PET implants, up to 180 days after 

implantation. In addition, no differences in capsule thickness were noted among these samples. 

Small differences in the tissue reaction between uncoated and heparin-coated PET implants 

were mainly visible during the first 21 days after implantation. We therefore concluded that the 

properties of heparin-coated PET that were thought to determine the acute protein adsorption 

and tissue response play a smaller role with respect to long term performance. Aiming to better 

understand, and, secondly, to improve the tissue reaction to implanted PET, we subsequently 

investigated different determinants of the tissue response to PET. Our observation that FBGCs 

surround individual fibers of the PET implant particularly triggered an interest in the role of 

morphological and detailed compositional aspects in determining the tissue reaction. This is 

discussed in chapter 3.

STRUCTURAL / COMPOSITIONAL ASPECTS OF THE TISSUE REACTION
The morphological and detailed compositional aspects of PET appear to affect the tissue reaction 

against PET. In chapter 3, we showed that PET roughness, morphology and detailed composition 

(i.e. the amount of filler content) at least in part determine the severity of the tissue reaction. 

In contrast to woven PET, we showed that smooth and roughened PET do not trigger an FBR, 

characterized by the presence of FBGCs. Similar to the tissue reaction that was observed to 

develop to knitted PET, the individual fibers of the woven PET were surrounded by FBGCs from 

day 10 onwards. We speculated that the flexible nature of woven and knitted materials allows 

movement between the individual PET fibers, possibly causing the cells at the material interface 

to be constantly agitated. This may contribute to the formation of FBGCs. Alternatively, woven 

and knitted PET are fibro-porous materials that have a much larger surface area than PET films. 

Although we did not determine the quantity and quality of adsorbed interfacial proteins, the 

larger surface area of knitted and woven PET provides the potential for the adsorption of a 

large quantity of interfacial proteins. As a result, the increased surface area could allow more 

macrophages / FBGCs to interact and, in addition, intensify cell-material interaction. This implies 

that changing the structural appearance of PET may improve the tissue reaction, independent of 

the physicochemical surface properties. However, for a number of applications such as heart valve 

sewing rings and intraperitoneal applications, the structural appearance i.e. thin woven or knitted 

Implantation of a biomaterial triggers a host tissue response that is generally characterized by 

acute inflammation, a foreign body reaction (FBR) and fibrous encapsulation. Upon implantation 

of a biomaterial, plasma proteins adsorb on its surface and form a material-protein interface. 

This initially allows the material to be recognized by neutrophils through interaction with its 

cell membrane receptors.30 Neutrophils are activated and secrete chemoattractants, thereby 

recruiting monocytes to the site of implantation. The developing inflammatory reaction is further 

stimulated by the activated complement system as well as mast cells that secrete histamine as a 

result of the tissue damage.88,160 At the implant site, monocytes differentiate into macrophages 

and auto-amplify their recruitment. Activated macrophages contribute to the repair and 

remodeling of the tissue surrounding the implant through secretion of extracellular matrix (ECM)-

related proteins such as matrix metalloproteinases (MMPs).41 In addition, the macrophages secrete 

fibroblast-stimulating cytokines such as TGFβ.161 As a result, fibroblasts will be recruited and 

activated and will further contribute to the repair and remodeling of the tissue through secretion 

of e.g. collagen and collagen crosslinking proteins.150 Depending on the type of biomaterial, the 

target tissue and the particular medical application, this could result in the formation of a fibrous 

capsule surrounding the implant, thereby shielding the implant from the surrounding tissue. 

Formation of a fibrous capsule may prevent proper functioning of mechanical devices, such as 

artificial heart valves.162,163

In addition to the acute inflammatory response and fibrous encapsulation, the macrophages 

may become frustrated in the attempt to breakdown the biomaterial.78 As a result, macrophages 

fuse into foreign body giant cells (FBGCs) which secrete a myriad of bioreactive agents including 

reactive oxygen species, degradative enzymes, and acid. This FBR can become chronic and may 

eventually compromise the function of the implanted device.164

Although much research is being conducted into the biological mechanisms of the biomaterial-

tissue response, as well as into development of biomaterials with better biocompatibility, the 

exact mechanism of the biomaterial-tissue response is not yet completely understood. This thesis 

focuses on the host tissue reaction that develops against poly(ethylene terephthalate) (PET) 

and possible ways of improving it, thereby potentially prolonging and improving the function of 

medical implants that contain PET.

THE HOST TISSUE RESPONSE TO PET
Implantable medical devices that contain PET include sewing rings, mesh materials for 

intraperitoneal applications and vascular grafts. These devices may trigger a chronic FBR and 

subsequent fibrous encapsulation that causes device failure. In chapter 2 we show that knitted 

PET triggers a FBR, characterized by the presence of FBGCs up to 180 days after subcutaneous 

implantation in the backs of rats. We proposed to apply a heparin-based coating to knitted PET, 
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fibers, is essential to the function of the PET implant, as it facilitates anchorage of the device 

by suturing. Methods for improving the tissue reaction to these materials, therefore, are largely 

limited to potent surface modifications. The heparin surface modification that we investigated 

earlier was thought to alter PET surface characteristics, thereby improving the tissue reaction. The 

lack of a significant short and long-term improvement caused us to more closely investigate the 

formation of the protein interface and the subsequent cellular interaction to heparin-coated PET.

PROTEIN ADSORPTION / IN VITRO RESPONSE TO HEPARIN-COATED PET
Heparin coating, as described in chapter 2 was hypothesized to reduce protein / cell / tissue 

interaction with PET. Heparin is not only known to stabilize heparin-binding cytokines and 

proteins that are present as a result of material implantation, but heparin also reduces PET 

hydrophobicity, thereby changing the protein interface that forms on the material upon 

implantation. In chapter 4 we studied the in vitro characteristics of heparin-coated PET and show 

that the reduction in PET hydrophobicity by coating it with heparin is associated with a decrease 

in fibrinogen adsorption, neutrophil activation, monocyte adhesion and tissue interaction. Failure 

of the heparin coating to improve the tissue reaction during the long term in vivo response is most 

likely due to the loss of heparin coating effectiveness. As described earlier, the local inflammatory 

response, as well as heparinase action, are the probable causes of this. Our in vitro results show 

that the mechanism by which heparin was hypothesized to improve the tissue reaction may 

remain valid. However, heparin appears to lack potency and/or stability to achieve this effect 

in vivo. These results triggered an interest in developing a heparin-like coating with increased 

stability and potency.

RGTA-COATED PET
Intrinsic properties of heparin make it a suitable compound for improving the tissue reaction 

against implanted PET. Besides the potential of heparin to stabilize heparin-binding cytokines and 

growth factors, heparin coating reduces the hydrophobicity of PET. Consequently, it reduces the 

interaction and activation of monocytes and neutrophils in vitro. However, in vivo we showed that 

heparin coating does not significantly reduce the inflammatory response, FBR and encapsulation 

around knitted and woven PET. As shown earlier, the inflammatory reaction is largely determined 

by the morphological and structural aspects of knitted and woven PET. Reactive oxygen species, 

degradative enzymes, and acid that are secreted by the inflammatory cells could be responsible for 

the degradation of the heparin coating, thereby causing it to lose its anti-inflammatory potential. 

In order for heparin to maintain its anti-inflammatory potential during the tissue reaction, it 

is necessary to increase the stability and potency of heparin. ReGeneaTing Agent (RGTA) is a 

synthetic heparin-like analog with decreased anticoagulant properties and increased resistance to 

heparinase degradation. In chapter 5 we applied an RGTA coating to PET and show that this, in 

contrast to heparin, significantly reduces the inflammatory response and fibrous encapsulation 

up to 21 days after subcutaneous implantation in rats. In conclusion, our research showed that 

the tissue reaction to PET is largely determined by the morphological and structural aspects of 

PET. Furthermore we conclude that the acute tissue reaction to knitted PET can successfully be 

improved by applying an RGTA-based surface coating.




