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Populärvetenskaplig sammanfattning 
 
 
 
 
Vid komplicerade benskador kan patienten behöva få transplanterat ben eller konstgjort 
bensubstitut för att kunna läka. EU-projektet SilkBone går ut på att finna ett nytt lämpligt 
material för sådana bensubstitut, baserat på silkesfibrer. I projektet ingår bland annat att 
finna en ny och smidig metod för att testa biokompatibiliteten hos sådana material. God 
biokompatibilitet innebär att materialet inte ger någon stor immunologisk respons då det 
sätts in i kroppen. 
 
Den metod som föreslås är PCBA (Primary Cell-based Biocompatibility Assay) som 
bygger på cytokinprofilering av primära celler, det vill säga mätning av vilka mängder av 
signalsubstanser som tillverkas av celler som isolerats från kroppen individ och sedan 
odlats tillsammans med materialet. De celler som använts är mononukleära celler från 
humant blod och koncentrationerna av de pro-inflammatoriska IL-1β och IL-6 i 
cellsupernatanterna har mätts med hjälp av sandwich ELISA, en antikroppsbaserad 
metod.  
 
PCBA har använts för att testa fjorton olika material inklusive kontroller. Materialens 
immunostimulerande effekter själva, samt i kombination med LPS (endotoxin) och PHA 
(phytohemagglutinin), har undersökts. I denna studie har materialen utvärderats och 
förbättringar av metoden har föreslagits. 
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0. Terms and Abbreviations 
 
3H 3H Biomedical AB 

allograft transplant from another person 

APC antigen-presenting cell 

autograft transplant from another site of the patient’s own body 

B lymphocyte antibody producing cell in the immune system 

BMP bone morphogenic protein 

CTL cytolytic T lymphocyte, ‘killer T cell’ 

ELISA enzyme-linked immunosorbent assay 

FP6 Sixth Framework Programme funded by the European Commission 

GM-CFU granulocyte-macrophage colony forming units 

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

IFN-γ interferon-γ, cytokine that activates APCs. See Cytokines, 1.3.5. 

IL-… short for interleukin. Signal substances, different variants. See Cytokines, 1.3.5.  

LBP LPS binding protein 

LPS lipopolysaccharide, endotoxin 

MC monocyte 

MNCs mononuclear cells, the fraction of blood that contains lymphocytes, monocytes 

and NK cells 

nonunion non-healing fracture 

osteoblats, osteoclasts 

and osteocytes 

cells involved in bone formation and remodelling 

PBMC peripheral blood mononuclear cell 

PCBA primary cell-based biocompatibility assay 

PHA phytohemagglutinin 

PMB polymyxin B 

PMB polymyxin B 

T lymphocyte cell in the immune system 

TCR T cell receptor 

TGF-β tumor growth factor β 

TH helper T lymphocyte 

TH1, TH2 subsets of helper T cells 

TNF-α tumor necrosis factor α, a pro-inflammatory cytokine. See Cytokines, 1.3.5. 

U Kon InPuT Steinbeis Technology Transfer Centre for In Vitro Pharmacology and 

Toxicology at the University of Konstanz, Germany 

xenograft transplant from another species 
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1. Introduction 

1.1 Main objectives of this study 

The main objectives of this study were to evaluate a new primary cell-based 

biocompatibility assay (PCBA) that is under development, and to use it to analyse a 

number of bone graft substitute materials. The test is based on cytokine profiling of 

human peripheral blood mononuclear cells and the work is included in the FP6 SilkBone 

project described below.  

 

1.1.1 The FP6 SilkBone Project 

SilkBone is a project in the Sixth Framework Programme (FP6) funded by the European 

Commision and is performed by a consortium consisting of eight universities and 

companies[1]. The project’s primary aim is to create a novel, mineralized silk-based 

biomaterial that can be seeded with cells and osteoinductive factors, suitable to use as an 

entirely new bone graft replacement. The material will be based on a spider silk analogue 

material manufactured by Oxford Biomaterial Limited, another consortium member.  

 

Two of the consortium partners are responsible for biocompatibility testing of the 

materials that are being developed: 3H Biomedical AB, Uppsala, Sweden and Steinbeis 

Technology Transfer Centre for In Vitro Pharmacology and Toxicology (U Kon InPuT) 

at the University of Konstanz, Germany. U Kon InPuT are using a whole-blood test[2] 

while 3H Biomedical AB use the new primary cell-based biocompatibility assay. 

1.1.2 3H Biomedical AB 

3H Biomedical AB is a Swedish biotech company located in Uppsala Science Park. The 

company develops and produces primary cells, cell-based products and reagents as well 

as provides contract research.  

1.2 Bone graft substitutes 

1.2.1 Bone biology 

The bones in the body, even in adults, are not just static minerals, but rather dynamic and 

are constantly being resorbed and reformed. This reformation allows for bones to reshape 

in order to adjust to varying loading stress.[3] 

 

In bone formation and dynamics, there are three main cell types (figure 1): 

1. Osteoblasts, that are responsible for bone formation. Osteoblasts live for about 40 days 

and are differentiated from mesenchymal stem cells via preosteoblasts.[3, 4]  

2. Osteocytes, that are osteoblasts that have become surrounded by bone matrix and are 

found inside the bone mass. An osteocyte may live for 20 years. [3, 4]  

3. Osteoclasts, that are mainly found on growth surfaces of bone and are responsible for 

bone resorbtion. The osteoclasts are differentiated from granulocyte-macrophage colony 
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forming units (GM-CFU), the same hematopoietic lineage as the macrophages and 

monocytes of the immune system.[3]  

 

Osteoblasts give rise to a weight-bearing extra-cellular matrix, consisting of proteins and 

minerals. The main protein is collagen and the main mineral is hydroxyapatite, a calcium 

phosphate mineral.[5] The outer layers of bone are made of cortical, compact bone that is 

highly weight-bearing and constitutes around 80% of the total bone mass (figure 1). The 

other 20 % consists of porous (trabecular) bone.[3]  

 

Several growth factors are involved in bone regeneration and the most important are the 

bone morpogenic proteins BMP-2, -4, -6 and -7 (also called osteogenic protein-1) that 

belong to the TGF-β superfamily of proteins.[3, 5, 6]  

 

 
Figure 1: Bone cells and organisation. 

1.2.2 Why grafts/substitutes? 

Most bone injuries require no additional material than the body’s own cells and bone 

tissue to heal, although in some cases metal implants are used for fixation[6]. Sometimes 

there are complications: The injury can be caused by a trauma where bone parts are 

destroyed. Inflammation or movement of the healing tissue can also result in nonunions 

(non-healing fractures)[4]. Inflammation can even cause existing bone to be resorbed by 

the body, leaving the patient without mechanical stability in the injured area. In these 

cases, surgeons can assist healing, for example by replacing the missing bone with a bone 

graft or implant or by adding bone-inducing growth factors to the site.[4, 6]  

1.2.3 Bone grafts 

The resorbed, missing or severly injured bone can be replaced by bone material that is 

transplanted from another part of the same patient (autograft), from another person 

(allograft) or even from an animal (xenograft).[7]  
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Implants have been used for a long time, for example dental implants of wood, metal or 

seashells or even ‘donated’ teeth from slaves[8]. The first attempt of bone replacement 

was a xenograft performed in 1682 by a Dutch called Meekren who transplanted a piece 

of a dog’s skull to heal a cranial injury in a soldier. However, the church did not approve 

of this and the transplant had to be removed[9]. 

 

Since an autograft is from the same patient, no immunoreaction is expected. However, 

the patient has to go through surgery at the donor site with risks of pain and 

complications and there is only a limited supply of autograft tissue[6, 10]. There is a 

larger supply of allo- and xenograft, but there is also a greater risk for immunoreactions 

or viral infections, even if the transplanted material is necrotic (contains no living cells) 

and provide only a scaffold for the patient’s own cells to grow on. The necrotic scaffold 

is successively replaced by the host’s own bone tissue[7]. However, neither allo- nor 

xenograft is very weight-bearing, which is uncomfortable for the patient[6].  

 

About 17% of the surgical procedures in Sweden are correlated to the locomotor system 

(bone and muscle) and about 87,000 patients are subjected to these procedures each year. 

A small part of the operations require transplantations. For example 1.7% of all 

operations on knee and lower leg and 2.5% of all operations on shoulder and upper arm 

require transplantations, of which the vast majority are autologous transplantations and 

some are allografts or xenografts.[11] Even if transplantations are not very common, they 

lead to pain for the patients and cause a significant cost for society. A better availability 

of bone graft substitutes would lead to a reduction of pain as well as health care costs. 

1.2.4 Bone graft substitutes 

Due to the risks, complications and costs associated with bone grafts, the use of bone 

graft substitutes is increasing. In many cases, an implanted scaffold or matrix made of for 

example ceramic or metal is enough to accelerate bone formation because the osteoblasts’ 

extra-cellular matrix can bind to the scaffold framework and bridge the injury. This is 

however not always enough for healing of the fracture and sometimes, rigid materials can 

be too weight-bearing, causing resorption of the patient’s own bone tissue due to 

insufficient mechanical stimulation. [10]  

 

The materials that are mainly used today in Sweden as bone substitutes for mechanical 

support are injectable calcium phosphate and calcium sulfate cements that harden when 

injected and become weight-bearing rather quickly. They resemble the mineral portion of 

real bone, and can therefore become remodelled by osteoclasts[6] but the resorption is 

slow compared to real bone formation[12]. There are over 100 products of these materials 

on the market and they are usually used in combination with metal implants[6] (figure 2).  

 

The growth factors on the market so far are BMP-2 and BMP-7, which are delivered by 

carriers such as collagen sponges, to make sure that the growth factor is released in an 

even dose over time[6, 7, 13]. This has proven successful in several cases of nonunions 

(figure 2). They are however expensive and need open procedures to be delivered, since 

no injectible growth factor carrier is available on the market [6]. 
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Figure 2: The two bone graft substitutes that are used in Sweden today. Injectable cements that 

give mechanical strength comparable with real bone, and growth factors which induces bone 

formation and healing. 

1.2.5 Future bone substitutes 

An approach other than massive calcium cements is to insert a porous scaffold or matrix 

that degrades at the rate of new bone formation. Thus, the scaffold is eventually replaced 

by real bone tissue. Until then it provides an environment for host or transplanted tissue 

forming cells, acting as an artificial extra-cellular matrix for structural support and may 

also prevent unwanted cells from other tissues from reaching the area of injury.[13]  

 

The porosity allows for cell seeding and proliferation, vascular formation and transport of 

nutrients and waste[13]. It is important that the scaffold has the right mechanical 

properties to avoid unwanted scar tissue formation when implanted[8]. The scaffold’s 

microsurface is also of importance for cells to adhere[14]. Ideally, the scaffold should 

support weight in the beginning but then gradually be resorbed as the mineralized bone 

cell ECM can support the physical load[10]. Both the scaffold and its degradation 

products must be biocompatible[15]. 

 

Materials based on biopolymers, like silk worm coccoon silk or spider dragline silk, are 

suggested as biodegradable porous scaffolds  because of their biocompatible and 

mechanical properties[5, 16-18]. Silks can be made weight-bearing enough and may also 

be suitable carriers for growth factors[5, 15].  

1.2.6 In vitro bone graft production 

The principle of in vitro bone graft production, or tissue engineering, is seeding stem 

cells onto the scaffold and culturing them under suitable conditions into a massive piece 

of bone that can potentially be implanted into a patient[10, 13, 19]. The problems 
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associated with this culture procedure are for example insufficient nutrient supply inside 

the matrix pores and limited vascularization of larger grafts, but using a dynamic culture 

improves the culture conditions[10]. However, even if a bone-like organ is created, it is 

crucial that it has the same remodelling properties as ‘real’ bone or a titan implant would 

be just as useful[6]. At this moment, in vitro bone tissue engineering is far from ready for 

clinical use[6].  

1.2.7 Biocompatibility of bone graft substitutes 

Biocompatibility is a desirable property of bone grafts to minimize complications and 

immunosuppressive drug use and maximize the chance of successful implantations. It 

means that neither the material nor its degradation products are toxic or induce too much 

inflammation in the host. 

 

Even if the material itself is fairly biocompatible, contamination can induce host immune 

response if the implant is not clean enough[2]. Endotoxin, or LPS (lipopolysaccharide), is 

a common contaminant from gram-negative bacterial cell walls and is recognized by the 

toll-like receptors of some immune cells. Inflammation caused by endotoxin 

contamination can lead to severe complications such as greatly accelerated resorption of 

an implant[2, 20].  

 

Since implants into hard tissue come into contact with blood during the implantation 

surgery, blood compatibility is considered as an important factor as well [21].  

1.3 Immune system 

Distinct types of immunoactivating factors are 

• small bacteria, microbes or molecules that are found in the intercellular spaces. 

They can normally be engulfed by macrophages or monocytes and thereby killed 

or rendered harmless.   

• small bacteria or virus that infect cells and can live inside them. Certain immune 

cells can recognize most infected cells and kill them. 

• larger organisms or bacteria that invade the intercellular spaces. They are too 

large to be engulfed by phagocytes, and have to be defeated in other ways, for 

example by granulocytes that can throw out their aggressive substances onto 

them. 

 

The responses to these stimuli are usually divided into the innate immunity that reacts 

unspecifically to certain groups of antigens (such as all gram-negative bacteria), and the 

adaptive immunity that ‘adapts’ to a specific antigen (such as one specific mutating virus 

strain). But one has to remember that the two systems overlap.  

 

The three different systems of human immunity are cell responses, the complement 

system and the coagulation system. There are several different cell types involved. Some 

of them are active in innate immunity, like macrophages and monocytes, while others are 

more involved in adaptive immunity, like B and T lymphocytes. Coagulation is mediated 

by the responses of platelets, nucleus-free small cell-like bodies, while the complement 
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system is induced by certain plasma proteins. The complement and coagulation systems 

are usually considered as innate immunity, but over all, there is a complicated cross-talk 

in human immunity.[22]  

1.3.1 Innate immunity cell responses 

The cells that are involved in innate immunity are mainly monocytes (MC) in blood 

which become macrophages in tissues. They engulf microbes, cell debris and other 

molecules that are found in the intercellular spaces.  

 

MC and macrophages are antigen-presenting cells (APCs) that at all times show things 

that they have engulfed on certain molecules on their surface. Thereby, T helper cells can 

recognize intruders and activate the APCs, making them more aggressive in their 

engulfing of antigens. 

 

Macrophages and MC have certain receptors that are called toll-like receptors and are 

activated by LPS. The stimulated cells then secrete the pro-inflammatory cytokines IL-

1β, IL-6, IL-12 and TNF-α, thereby recruiting and activating other immune cells that are 

needed to fight the intruders, in that particular case probably gram-negative bacteria. 

 

Other potent stimuli of the innate immune system are for example gram-positive bacterial 

residues and viral RNA. The effects of the innate immune system are usually local 

inflammations but can also be systemic effects such as fever.[22] 

1.3.2 Specific immunity 

Cells involved in the specific, or adaptive, immunity are B and T lymphocytes. Each 

naïve B or T cell have unique receptors on its surface: Antibodies in the case of B cells 

and T cell receptors on T cells. When these receptors bind to an antigen and the cells 

receive several other signals the cell starts dividing, producing many cells with the same 

antigen specificity. Antibodies can be secreted and ‘coat’ the antigen (for example if it is 

a molecule or a large parasite) and thus label it for destruction, while TCR:s play a role in 

T lymphocytes’ binding to and killing infected cells or signalling to other immune cells 

that need to be activated. The effects of the specific immune system are normally local, 

with no systemic effects. [22] 

 

There are variants of T lymphocytes. Cytolytic T lymphocytes have the ability to kill 

cells that are infected by viruses or microbes. Helper T lymphocytes cells differentiate 

into one of the two subsets TH1 and TH2, to assist other immune cells in their effector 

activities. [22] 

 

TH1 recognize antigen-presenting cells that have engulfed antigens, and send them 

activating signals in the form of IFN-γ, telling the APCs to kill what they have engulfed. 

IL-12 is produced by MC/macrophages and is one of the signals that make T cells 

differentiate into the TH1 subset. [22] 

 

TH2 are preferred when fighting for example larger parasites, that typically activate T 

cells over a longer period (thereby giving rise to high IL-4 levels) but without a 
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significant innate immune response (no IL-12 from activated MC/macrophages). The 

TH2 cells produce more IL-4, IL-5 and IL-6, enhancing even more TH2 differentiation, B 

cells’ production of parasite-coating antibodies and making eosinophils and mast cells 

aggressive. [22] 

1.3.3 Complement 

To aid in innate immunity, there are a group of blood proteins called complement 

proteins. By binding to groups of antigens, they start a cascade of reactions that can 

induce an immune response. Complement can activate the immune system by binding to 

the surface of for example a microbe or to an antigen-antibody complex, thereby 

‘labelling’ it for phagocytosis by MC or neutrophils.[22] 

 

Biomaterials with certain surface properties are known to activate the complement 

system because they bind to or denaturate complement proteins.[21] 

1.3.4 Thrombosis 

Platelets (thrombocytes) can also be said to play a role in innate immunity. When a blood 

vessel is injured, the platelets receive signals that make them help to clot and reform the 

tissue, thus healing the wound. But when platelets misunderstand the signals and start 

clotting where there is no injury, the blood clot can cause damage. Thrombosis (severe 

blood clotting) can be induced by an antigen or foreign surface, and can then be seen as a 

kind of inflammation.[23] 

1.3.5 Cytokines 

Cytokines are peptides, usually small, that are used by the cells of the immune system to 

communicate. Many of the cytokines are called interleukins, since it was previously 

thought that they were specific signal substances between leukocytes (white blood cells). 

Now, however, they seem to be engaged in several cell signalling pathways, throughout 

the whole body.[22] 

 

The cytokines can be divided in different groups depending on which cell type they are 

mainly produced by. Here, the cytokines produced by monocytes, TH1 and TH2 cells 

will be described: 

  

Monocyte-produced pro-inflammatory cytokines:  

• IL-1β. There are two forms of IL-1, α and β. They are similar and bind to the 

same receptors[22]. IL-1β is produced by monocytes, macrophages and dendritic 

cells as one of the earliest responses to pyrogens and can lead to fever[2].  

• IL-6 is produced by TH2 cells and monocytes/macrophages, among other cell 

types. From MC/MF it is secreted as a response to LPS and other antigens and 

stimulate acute-phase proteins from the liver and induce fever. Is also produced 

by TH2, to induce proliferation of antibody-producing B cells.[22]  

• IL-8 is a chemokine (chemoattractant cytokine) that recruits neutrophils by 

inducing changes in the blood vessel endothelial cells to promote adhesion of the 

neutrophils [22, 24]. It is produced by phagocytes and mesenchymal cells as a 

response to inflammatory stimuli like TNF-α or IL-1[24]. 
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• IL-12 induces TH1 differentiation and increased cytolytic activity by cytolytic T 

cells and NK cells[22]. 

• TNF-α is mainly produced by activated monocytes and macrophages, but also by 

antigen-stimulated T cells, mast cells and NK cells. TNF-α recruites neutrophils 

and monocytes by inducing changes in the blood vessel endothelial cells to 

promote adhesion of the desired cells. Large amounts of TNF-α give systemic 

effects such as fever and septic shock. [22]  

 

TH1-produced cytokines: 

• IL-2 is produced by antigen-activated T cells to promote differentiation and 

proliferation of themselves or other antigen-stimulated T cells[22]. 

• IFN-γ is produced by T and NK cells and activates macrophages[22]. 

• TNF-β has essentially the same effects as TNF-α, but is generally produced in 

lower amounts[22]. 

 

TH2-produced cytokines: 

• IL-4 suppresses MC/macrophage activity and induces differentiation of CD4+ 

naïve cells to TH2 as well as activates B cells[22]. 

• IL-5 is produced by TH2 and active mast cells. It stimulates and activates 

eosinophils.[22] 

• IL-6 induces proliferation of antibody-producing B cells. Is also a monocytic pro-

inflammatory cytokine. [22] 

• IL-10 is anti-inflammatory, suppressing MC/macrophage activity[25, 26]. It is 

produced by activated macrophages and some TH2 cells as a signal to TH1 to 

stop producing IL-2, IL-3, TNF and IFN-γ. [22, 25]  

1.4 In vitro biocompatibility testing 

1.4.1 Primary cells or cell lines? 

In vitro cell culture tests can be performed on either primary cells or cell lines. Primary 

cells are fresh cells that are isolated from human or animal organ or tissue while cell lines 

are immortalized and usually made from cancer cells. Cell lines are homogenous (all cells 

in a culture are identical) and can survive for longer periods in vitro but may lose 

important characteristics when immortalized and cultured. On the other hand, primary 

cell populations are usually heterogenous, typically have a shorter life-span in vitro and 

are thought to more resemble the conditions in vivo.[27] Since our test requires cell 

culture for only 24-72 hours, we consider primary cells to be the superior choice. Other 

cytotoxicity tests use cell lines[28-30].  

1.4.2 The primary cell-based biocompatibility assay 

The primary cell based biocompatibility assay (PCBA) is based on cytokine profiling of 

human peripheral blood mononuclear cells (PBMCs). The outlines are described in figure 

3. Mononuclear cells (MNCs) were isolated from donated blood and cultured in contact 

with the biomaterials under consideration, with and without known activators. In cell 

supernatants, cytokine levels were measured with sandwich ELISA and cytokine profiles 
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were established for each biomaterial. In this particular study, IL-1β and IL-6 

concentrations were measured. They are early cytokines in response to inflammatory 

stimuli.  

 

The main purpose of in vitro cell-based testing of biomaterials and other substances is to 

reduce the needs for in vivo animal testing, which is expensive, time-consuming and 

ethically complicated.  

 

 
Figure 3: Schematic picture of the PCBA based on PBMC cytokine profiling. 

 

The expected information from the test was 

a) immunogenicity of the different materials 

b) the materials’ activating effects in combination with lipopolysaccharide 

c) the materials’ activating effects in combination with phytohemagglutinin 

d) whether or not a materials’ immunoactivating effect is due to LPS contamination  

e) visible effects on the cells 

 

When the PCB assay is ready and up-scaled, testing of several materials will take only 1-

2 days of analysis, which is several months shorter than in vivo animal tests. The reagents 

are fairly cheap, especially when the analysis is scaled up. With this test not only 

potential biomaterials, but also other types of substances such as drugs and naturopathic 

medicines, can be tested for toxicity or immunogenicity at an early stage.  

 

Lipopolysaccharide 

Lipopolysaccharide (LPS) is a component from the cell walls of gram-negative bacteria 

such as Escherichia coli and Salmonella. A synergistic activating effect between LPS and 

silk materials is reported[2, 20], which is why it was chosen as one of the mitogens in this 

study. Several earlier studies used LPS for PBMC activation[31-34].  

 

There are several forms of LPS but they all follow a basic pattern (figure 4): 

1. O-antigen: A variable, species-specific O-polysaccharide.  

2. Genera-specific core polysaccharide. 

3. Lipid A.[35, 36] 
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Figure 4: LPS. 

 

LPS is a pyrogen (fever inducing substance) that activates the innate immune system by 

binding to LPS binding protein (LBP) forming a complex that binds to the CD14-

molecules and toll like receptors of monocytes and macrophages, thereby activating the 

cells. LBP is promiscous and forms complexes with LPS from different strains, and all 

the complexes activate the toll-like receptors. This is why LPS stimulation is considered 

non-specific.[35] 

 

Polymyxin B 

Polymyxin B (PMB) is a cyclic decapeptide that works as an antibiotic against gram-

negative bacteria (figure 5). The proposed mechanism for this is that the PMB melts into 

the LPS and disrupts bacterial membranes and/or hinders LPS from binding to the 

LPB[35]. The result is that human immune cells’ response to LPS is inhibited. LPS + 

PMB is chosen as a negative control in this study because PMB has been used in similar 

studies to inhibit LPS activation[20].  

 
Figure 5: Polymyxin B and its mechanism of binding to lipid A of LPS.  

 

Phytohemaglutinin 

Phytohemagglutinin (PHA) is a plant protein that acts as a T lymphocyte mitogen[25, 37] 

(figure 6). In this study, it was used as an additional mitogen because it is known to 

stimulate cytokine production from PBMCs[31]. However, to us there is no known 

inhibitor to PHA. 
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Figure 6: PHA. Structure from [37]. 

 

Sandwich ELISA 

To evaluate cytokine concentrations in cell supernatants, Sandwich ELISA was used. 

ELISA, short for Enzyme-Linked ImmunoSorbent Assay, is an antibody-based assay for 

measuring the level of a certain molecule of interest in a solution. ‘Sandwich’ comes 

from the fact that the analysed molecule is trapped between two layers of antibodies. The 

basics of sandwich ELISA are (figure 7): 

 

1. A plastic plate with 96 wells is coated with monoclonal antibodies against the 

molecule. Antibodies attach to the plastic. Residue solution is washed off, which 

is also the procedure in each following step. 

2. The plate is aftercoated with bovine serum albumin (BSA), that binds to the 

plastic on every spot where no antibody is bound. The plastic is now completely 

covered. 

3. Sample solution is added. Molecules of interest in the solution will bind to the 

antibodies.  

4. Secondary antibody solution is added. This contains another monoclonal antibody 

that is specific for another epitope of the molecule of interest. The secondary 

antibodies are conjugated to biotin molecules on their non-variable part. 

5. The next solution that is added contains an enzyme, for example alkaline 

phosphatase, that is conjugated to streptavidin. Streptavidin binds strongly to the 

biotin molecules on the secondary antibodies. 

6. A substrate for the enzyme is added, for example p-NPP (p-nitrophenylphosphate) 

if the enzyme used is alkaline phosphatase. The product of the catalyzed reaction 

is in this case the yellow para-nitrophenol.    

7. Absorbance of the product at a certain wavelength (405 nm for para-nitrophenol) 

is related to the amount of enzyme, which is proportional to the amount of 

molecule in the sample. A standard curve is always created, with standards 

containing known amounts of the molecule of interest. [38] 
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Figure 7: The principle of sandwich ELISA. 

2 Materials and Methods 

2.1 Materials 

2.1.1 PBMC isolation and culture reagents and supplies 

Buffy-coats were from healthy male donors, 34-50 years of age, blood type A (donor 1 

and 2) or AB (donor 3). Phosphate buffered saline (cat. no. SS1002), heat inactivated 

fetal bovine serum (cat. no. 600-10-50), trypan blue solution (cat. no SR1007), 

RPMI1640 (cat. no. LM1002), HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic 

acid, cat. no. SR1006), L-Glutamine (cat. no. SR1001), Penicillin/Streptamycin (cat. no. 

AA000) and phytohemagglutinin were supplied by 3H Biomedical AB, Uppsala, 

Sweden. Lipopolysaccharide strain O55:B5 and Polymyxin B solution were purchased 

from Sigma-Aldrich Sweden, Stockholm, Ficoll-Paque ™ Plus from GE Healthcare, 

Uppsala, Sweden and calcium phosphate scaffolds (cat. no. 354617) from BD 

Biosciences, Stockholm, Sweden. Silk bone materials were supplied from Oxford 

Biomaterials Limited, Newbury, UK. 

2.1.2 ELISA reagents and supplies 

Human IL-6 and IL-1β ELISA kits, including primary and biotinylated secondary 

antibodies, standard solutions and streptavidin-conjugated alkaline phosphatase, were 

purchased from Mabtech, Nacka Strand, Sweden. Phosphate buffered saline and 

deionized water were supplied by Rudbeck laboratory, Uppsala, Sweden; PBS/Tween 

tablets were supplied by Medicago, Uppsala, Sweden. Bovine serum albumin, p-

nitrophenylphosphate and the ELISA substrate buffer components diethanolamine and 

magnesium dichloride hexahydrate were from Sigma-Aldrich Sweden, Stockholm, 

Sweden. The ELISA plate reader was of the brand Molecular Devices THERMO max 

with the software SOFTmax 2.32. 
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All experiments were performed in the laboratories of 3H Biomedical AB, Uppsala 

Science Park, Uppsala, Sweden. 
 

2.2 Methods 

2.2.1 Silk bone preparation 

The materials were coded with letters A-O, where K was a control scaffold from BD 

Biosciences and the rest were silk materials. The material N was degummed silk which is 

silkworm silk fibres that are only mildly processed and thought to be immunogenic. O 

was sericin from the outer sheath of silkworm silk fibres which is known to be antigenic 

and allergenic[18]. 

 

Silkbone material pieces were autoclaved and in some cases stored in 70% etanol. Dry 

samples were cut in pieces and weighed in pre-weighed Falcon tubes. The pieces were 

adjusted until they had a mass of 40-80 mg. Then they were washed four times in PBMC 

medium (formula described below) by adding 2 mL of medium, vortexing for 5 seconds, 

and removing the medium. Each material was then divided into four equal portions, that 

were added to wells in a 24-well cell culture plate and left to dry for several hours. 

Ethanol-preserved samples were weighed when still moist with the ethanol solution, and 

then treated the same way. 

 

Material L was falling apart in the liquid, and thus only ‘suspended’ in medium and 0.5 

mL of the solution was added to each well by use of a pipet. Some of the samples were so 

small that there was only enough material to use in one or two wells. The priority was 

then: 1.) No stimulus, 2.) LPS-stimulated.  

2.2.2 Mononuclear cell isolation 

Mononuclear cells (MNCs) were isolated from fresh human blood (figure 8). Buffy-coats 

(blood with most of the erythrocytes and plasma removed) were processed within 6 hours 

of collection. First, the buffy-coats were centrifuged with phosphate buffered saline 

(PBS) and plasma removed. Then the rest of the blood was centrifuged on top of Ficoll-

Paque, resulting in a characteristic pattern where erythrocytes and granulocytes are in the 

bottom. In the clear liquid was a band of mononuclear cells, namely lymphocytes and 

monocytes, as well as thrombocytes. The MNC band was collected with a pasteur pipette 

and transferred to another tube before washing several times with PBS containing fetal 

bovine serum (FBS). Washing of the cells was performed by spinning them down to a 

pellet (consisting of mainly MNCs), removing the supernatant (containing mostly 

thrombocytes) and adding new PBS/FBS solution. The main purpose of this washing 

procedure was to remove thrombocytes and Ficoll-Paque. 
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Figure 8: PBMC isolation from buffy-coat. 

 

2.2.3 Cell counting and viability control 

A small volume of the cell suspension was mixed with trypan blue solution (0.02 %). 

Then a droplet was transferred to a Bürcher chamber, which is a special object glass with 

a square pattern. When cell suspension is added to the Bürcher chamber, an exact volume 

is contained in each square, making it possible to calculate the total number of cells in the 

solution when the chamber is placed in a phase-contrast microscope. Round cells with a 

blue outline are viable, while dead cells let the trypan blue inside and appear dark blue 

(figure 9)[27]. 

 
Figure 9: Schematic picture of cells in Bürcher chamber viewed by microscope.Note the 

difference between dead and viable cells. Each square holds a fixed volume, and the mean cell 

count in the squares allow for total cell count in the cell suspension. 

2.2.4 Cell culture 

Three test cultures were performed and in total 14 different silk materials were tested. 

Most of them were only tested on cells from one donor, due to small samples available 

from the manufacturer, but some of the materials were tested on cells from two donors. 

The materials were labelled A-O. As a control, calcium phosphate scaffolds from BD 

Biosciences were included and tested on cells from the three individuals.  

 

Following cell isolation, the cells were plated at a density of 1 million cells/mL of PBMC 

medium (RPMI1640 complemented with 10% FBS, 1µg/mL penicillin/streptamycin, 2-4 

mM L-glutamine and 10mM HEPES, mixed and sterile filtered (0.2µm)) with and 

without different stimuli and silkbone materials in 24 well plates and cultured in 37°C 

and 5% CO2. 2 mL medium was added in each well. The stimuli were 20 ng/mL LPS, 20 

ng/mL LPS + 5 µg/mL PMB, and 2 µg/mL PHA respectively. Non-stimulated cells and 
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cell-free medium were used as negative controls. For an example of a culture scheme, see 

figure 10. 

 
Figure 10: Example of cell culture scheme. 

 

After 24, 48 and 72 hours, 300 µL of the supernatant in each well was collected with a 

sterile autopipette and put in a -20 freezer. The cells were also observed by inverted 

phase-contrast microscope. After 48 hours of culture, photos were taken of the cell 

cultures. 

2.2.5 Cell culture controls 

The materials N and O can be regarded as a positive control since they were thought to be 

immunogenic. The negative control was medium with only cells. The scaffolds from BD 

can also be considered as a negative control since they were produced for in vitro cell 

culture purposes and thus should be biocompatible.  

2.2.6 ELISA 

Cell supernatants were thawed at room temperature and the ELISA tests were performed 

following the protocol from the manufacturer. Standards were added to each plate, 

ranging from 10 to 1000 pg/mL for IL-1B and from 20 to 2000 pg/mL for IL-6. The 

software was used to calculate a standard curve with a R
2 

of > 0.995. If the R
2
 value was 

lower, deviating standard values (usually the lowest standards) were removed until it was 

> 0.995. Generally, 40 pg/mL was considered as detection minimum in the samples.  

 

Samples were diluted 5-67 times in the microwells (for example, a 1:5 dilution was 

achieved by adding 20 µL of sample to 80 µL of incubation buffer). If a diluted sample’s 

concentrations was outside the standard curve’s linear part, either the sample was run 

again with another dilution, or the data was labelled L for low or H for high. As negative 

control (plate blank), incubation buffer only was used. In most cases, three wells were 

used for each sample or standard concentration. Standard curves, mean values and 

standard deviations were calculated by the software. 

3 Results 

3.1 Cells without materials 

Figure 11 shows the cytokine levels of PBMCs without silkbone, but stimulated with LPS 

and LPS + PMB. Figure 12 shows the cytokine levels in PHA stimulated PBMCs without 

silkbone materials. Photographs of the cells cultured without materials are shown in 

figure 13. 
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Figure 11: Cytokine levels in supernatants from PBMCs stimulated with LPS compared to 
stimulated with LPS + PMB. Cells from the three donors. Samples collected after 24, 48 and 72h 

of incubation. n/d = not detectable. Annotation lo = ELISA signal was lower than the lowest 

standard in the linear standard curve but still detectable. h = ELISA signal was higher than the 

highest standard in the linear standard curve. Error bars represent standard deviation calculated 

by the ELISA software. 

 
 

Figure 12: Cytokine levels in supernatants from PBMCs stimulated with PHA. Cells from the 

three donors. Samples collected after 24, 48 and 72 h of incubation. n/a = data not available. n/d 

= not detectable. h = ELISA signal was higher than the highest standard in the linear standard 

curve. Error bars represent standard deviation calculated by the ELISA software. 

3.2 Biocompatibility testing 

Non-stimulated cells cultured in the presence of different silkbone materials showed 

different cytokine concentrations (figure 14). Figure 15 and 16 respectively show the 

results of LPS and PHA stimulated samples. Figure 17 show the cytokine levels in non-

stimulated samples compared with the samples with LPS + PMB. The samples cultured 

without materials or stimuli contained non-detectable levels of both cytokines (figure 17).  



M. Lundström – A Primary Cell-Based Biocompatibility Assay 

20  

 

 Donor 1 Donor 2 Donor 3 

No 
stimuli 

n/a 

LPS 

 

PHA n/a 

LPS + 
PMB 

 
Figure 13: Cell culture pictures of PMBCs cultured without materials. After 48 h culture. 10-

20x magnification. 
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Figure 14: Cytokine levels in supernatants from PBMCs cultured in the presence of different 
materials. Cells from the three donors. Samples collected after 24h of culture. n/d = not 

detectable. h = ELISA signal was higher than the highest standard in the linear standard curve. 

Error bars represent standard deviation calculated by the ELISA software.Cells cultured without 

any material showed non-detectable cytokine levels. 
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Figure 15: IL-1β levels in supernatants from PBMCs cultured in the presence of different 
materials and LPS. Cells from the three donors. Samples collected after 24h of culture. 

Annotation H = ELISA signal was higher than the highest standard in the linear standard curve. 

Error bars represent standard deviation calculated by the ELISA software. No SB = Sample with 

no silkbone material. 
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Figure 16: Cytokine levels in supernatants from PBMCs cultured in the presence of different 

materials and PHA. Cells from the three donors. Samples collected after 24h of culture. The No 

SB sample from donor 3 was collected at 48 h of culture. Error bars represent standard deviation 

calculated by the ELISA software. Annotation A = No standard deviation since only one ELISA 

sample was analysed. No SB = Sample with no silkbone material. 
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Figure 17: Cytokine levels in supernatants from PBMCs cultured in the presence of different 

materials without stimuli or with LPS + PMB. Cells from the three donors. Samples collected 

after 24h of culture. n/d = not detectable. n/a = data not available. Annotations: H = ELISA 

signal was higher than the highest standard in the linear standard curve. L = ELISA signal was 

lower than the lowest standard the linear standard curve but still detectable. Error bars represent 

standard deviation calculated by the ELISA software. No SB = Sample with no silkbone material. 
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When viewing the cells cultured with materials, no large differences from the No SB 

samples were observed, except for the material O (sericin), see figure 18. PHA stimulated 

cells always had a characteristic pattern of large aggregates with no or almost no single 

cells in between, as in cells without material (figure 3). In some cases, it was difficult to 

observe the cells because some materials were fluffy, shading the cells. However, in all 

wells where the cells were fairly visible, cells cultured with different materials looked 

pretty much like the No SB cells (data not shown), except those cultured with the 

material O (sericin). In cultures with O, more cells were disrupted (dead) than in the No 

SB-wells (figure 18). 

 

 
a. O, nonstim 

 
b. No SB, nonstim 

 
c. O, LPS 

 
d. No SB, LPS 

Figure 18: PBMCs with and without material O (sericin) and LPS. Non-stimulated cells in 

culture with a) material O (sericin), b) no material, c) O and LPS, d) no material + LPS. Cells 

from donor 2 in a) and b), from donor 3 in c) and d), after 48 hours of culture. 

4 Discussion 

4.1 Cells without materials 

The results with cells only, and no silkbone materials, show differences in responses 

between the three donors.  Donor 1 produced high cytokine amounts as a response to 

LPS, but no detectable or very low amounts when the inhibitor PMB was also present 

(figure 11). Donor 2 produced moderate to high amounts of both cytokines even when 

PMB was present, suggesting either a contamination of the LPS+PMB solution, or the 

PMB amount being too low to comletely inhibit LPS stimulation. Donor 3 produced low 

amounts of IL-1β when stimulated with LPS and no or low amounts when PMB was 

added, but high amounts of IL-6 with LPS and fairly low when inhibited by PMB. The 

pattern of donor 1 was the one that was expected (figure 11).  

 

In LPS-stimulated samples of donors 1 and 2, IL-1β concentrations were approximately 

1/10 of IL-6, while in donor 2 the same ratio was about 1/30 (figure 11). 

 

The results suggest a decreasing IL-1β level over time after LPS stimulation (figure 11). 

When considering IL-6, however, no similar conclusion can be drawn in figure 2. Several 

samples are annotated ‘h’, meaning that the ELISA signals were higher than samples in 

the linear part of the standard curve, thus these values are less accurate and the real 

concentrations may be higher than indicated. 
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PHA stimulation of cells from donor 1 result in slightly lower IL-1β concentrations but 

approximately the same IL-6 concentrations (figure 12) as in LPS stimulated. Donor 2 

PHA stimulation pattern is similar to the pattern when LPS-stimulated (in figure 11), 

while donor 3 produce IL-1β levels comparable with donor 1, which is 3-4 times more 

than when stimulated with LPS.  

 

The low IL-1β production of donor 1 as a response to LPS stimulation may be related to 

the cells’ response pathways rather than to the ability of cytokine production. Since IL-1β 

is produced mainly by the monocytes of PBMCs, and PHA is supposed to mainly activate 

T cells, this result is intriguing. However, since no inhibitor was used as negative control, 

there is the risk that the PHA solution was contaminated with LPS or alike. 

 

In figure 13, a major cell aggregation associated with PHA stimulation can be noticed. In 

donor 3, however, the LPS sample has a similar pattern. LPS samples of donor 1 and 2 

are also a little aggregated, meaning that the cells are activated. 

 

The cytokine release profile of donor 1 and 2 correlate with earlier studies in literature 

[31, 33]. The deviating profile of donor 3 can be caused by contamination of the cells or 

an on-going activation, already activating some of the immune cells. 

4.2 Biocompatibility 

The materials were tested with cells from one or two donors, except for the control 

material K that was tested with all three donors.  

4.2.1 Immunogenicity of the materials 

Several materials did not induce any detectable IL-1β or IL-6 production by themselves: 

J, K, M, B, C, H and E (figure 14). Material I resulted in a small but detectable level of 

IL-1β with cells from donor 1 but no detectable response with cells from donor 3. The 

materials that may be immunogenic or contaminated with immunogenic substances are 

D, F, L, N and maybe A and G.  

4.2.2 Synergistic activating effect with LPS 

Figure 14 and 15 suggest that the materials that are both immunogenic by themselves and 

can induce extra LPS stimulation are D, L and N, while E, H, K and O can be activating 

in synergy with LPS. M and J may inhibit LPS stimulation.  

4.2.3 Synergistic activating effect with PHA 

As seen in figure 14 and 16, materials that may both be immunogenic by themselves and 

can be extra immunogenic with PHA are D and L. H and I may have a synergistic 

activating effect with PHA (figure 16). N was immunogenic by itself but may inhibit 

PHA stimulation.  
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4.2.4 Contamination control 

PMB was added as an inhibitor of LPS. Theoretically, if a material induced high cytokine 

levels with no stimuli but induced only low levels with LPS/PMB, that would suggest 

that the activation was due to LPS contamination. However, this was not the case for any 

sample (figure 17). Thus, this test did not suggest that any of the materials was 

immunogenic due to LPS contamination alone.  

 

Theoretically, the samples that had low cytokine levels without any stimulus should have 

equally low levels when LPS + PMB was added. This is true for both cytokine levels of J, 

M and No SB samples in donor 1 and the IL-1β levels of E, No SB and maybe H and I of 

donor 3 but not for any sample tested on donor 2 (figure 17).  

 

For most of the materials, the cytokine levels are higher with LPS + PMB than without 

stimuli. This can be due to different reasons. Either the solution was contaminated, or the 

PMB dose was too small to completely inhibit LPS activation. There could also be a 

synergistic activating effect between PMB and the materials. 

4.2.5 Visible effects on the cells 

Cells cultured with O seemed less viable than without any material, both for non-

stimulated and LPS-stimulated cells (figure 18) (Cells with ‘spots’ are disrupted and 

dead.) This suggests a toxic effect of this particular sericin, which is not found in earlier 

literature. Earlier studies show however that sericins can be immunogenic [20]. All 

visible cells cultured with other materials had an appearance similar to the cells cultured 

without materials for each donor as seen in figure 13 (pictures of cells cultured with 

materials are not shown).  

5 Conclusions 

5.1 Tested biomaterials 

The materials that may be immunogenic or contaminated are D, F, L, N and possibly A 

and G. Of these, D, L and N induced higher activation of cells in presence of LPS and D 

and L induced higher activation of cells in presence of PHA. Other materials that may 

have a synergistic effect in combination with LPS were E, H, K and O, while M and J 

may be inhibiting LPS stimulation. Other materials that may have a synergistic effect in 

combinaton with PHA are H and I. N was immunogenic by itself but may inhibit PHA 

stimulation. The material O seemed toxic to the cells, but none of the other materials 

seemed to have the same effect on cell viability. 

 

The most interesting materials to proceed with in the biomaterial development are 

especially J and M since they may have an immunosuppressive effect. B and C are also 

promising. These results, however, need to be verified by further testing. 
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The results from the present study partially correlate with preliminary results from U Kon 

InPuT:s whole-blood method, with materials resembling J, L and M being evaluated as 

fairly biocompatible (data not published).  

5.2 Further testing 

To verify the results and to be able to perform statistical tests, each material should be 

tested on cells from at least three donors, but preferably even more. Therefore, we are 

now investigating a method with pooled PBMCs from several donors.  

 

In the present study, the synergistic effects of the materials together with LPS and PHA 

were evaluated. There are however other mitogens and contaminants that may be 

interesting, for example lipoteichoic acid from gram-positive bacteria or the fungal 

antigen zymosan. Different concentrations of the stimulants may be analysed. In this 

study, the LPS concentration used (20 ng/mL) was very high compared to a ‘normal’ 

contamination of an implant (SB08). In futher tests, PMB without LPS should be used as 

a negative control, as well as PMB + LPS.  

 

The present study only evaluated the monocytic pro-inflammatory cytokines IL-1β and 

IL-6 but several other cytokines would need to be evaluated to receive a full cytokine 

profile of each material. Isolated subsets of the PBMCs could also be used, such as MC, 

TH1 or TH2 cells.  

 

To measure material toxicity more accurately the cell viability should be evaluated by 

trypan blue exclusion or another quantitative method such as alamar blue assay after 

culture together with the materials. Positive controls for toxicity (known toxic 

substances) must be included.  

 

Due to the fact that many inflammatory pathways need interactions between several 

blood components, it is necessary to compare the results with for example whole-blood 

tests. Some of  the pathways might not function in the PBMC test when plasma proteins 

and some cell types are removed. 

 

3H Biomedical’s primary cell-based biocompatibility assay is still under development, 

but in its final version it will be a fast, affordable and very informative in vitro test for 

potential biomaterials and other substances for use in the human body.  
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7 Appendix: Data tables 
 

All data in tables. 

 
Material A,  
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB 230 9  2703 109  

Cells + SB + LPS 8759 119  53982 3951  

Cells + SB + LPS/PolyB 4164 63  37778 2413  

Cells + SB + PHA 9067 18  55262 4572  

        

Material B, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB n/d   n/d   

Cells + SB + LPS 8750 262  54055 2404  

Cells + SB + LPS/PolyB 3168 240  35130 463  

Cells + SB + PHA 10007 397  52795 2831  

       

Material C, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB n/d   n/d   

Cells + SB + LPS 8715 142  49679 1114  

Cells + SB + LPS/PolyB 3091 37  34682 2130  

Cells + SB + PHA 9940 682  51731 5680  

       

Material D, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   
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Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB 265 7  4805 844 h 

Cells + SB + LPS 2826 476  79936 8244  

Cells + SB + LPS/PolyB 1065 90  26675 3162  

Cells + SB + PHA 6630 28  73970 4390  

       

Material E, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   160 17  

Cells + SB + LPS 3955 173  70342 5593  

Cells + SB + LPS/PolyB 172 7  9268 1231  

       

Material F, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB 1011 31  17933 215  

Cells + SB + LPS 1414 56  64914 5353  

Cells + SB + LPS/PolyB 870 100  21471 509  

       

Material G, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB 147 18  1558 44  

Cells + SB + LPS 9567 653  56008 6167  

Cells + SB + LPS/PolyB 3939 58  36147 745  

Cells + SB + PHA 9292 561  47427 4570  

       

Material H, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   
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Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB n/d   210 11  

Cells + SB + LPS 12087 406  49657 4572  

Cells + SB + LPS/PolyB 3853 188  38664 1725  

Cells + SB + PHA 10760 420  45520 3930  

       

Material H, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   203 3  

Cells + SB + LPS 2926 138  81575 6488  

Cells + SB + LPS/PolyB 508 26  24237 5301  

Cells + SB + PHA 3871 98  59036 4894  

        

Material I, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB 54 2  652 39  

Cells + SB + LPS 9262 153  57858 5684  

Cells + SB + LPS/PolyB 4013 276  38657 3160  

Cells + SB + PHA 9141 177  48685 1105  

       

Material I, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   495 56  

Cells + SB + LPS 1626 52  67301 6451  

Cells + SB + LPS/PolyB 336 37  16831 418  

Cells + SB + PHA 5362 317  60686 5328  

       

Material J 
Donor 1 

      

  [IL-1B] +/-  [IL-6] +/-  
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Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 9276 1076  106000 4162  

Cells + LPS/PolyB n/d   298 54  

Cells + PHA 5647 245  87043 22226  

Cells + SB n/d   64 6  

Cells + SB + LPS 8540 188  97367 5654  

Cells + SB + LPS/PolyB 129 15  992 263  

Cells + SB + PHA 6470 1202  95098 10328  

        

Material J, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   n/d   

Cells + SB + LPS 1178 58  47523 4632  

       

Material K, 
Donor 1 

  K = BD scaffolds  

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 9276 1076  106000 4162  

Cells + LPS/PolyB n/d   298 54  

Cells + PHA 5647 245  87043 22226  

Cells + SB n/d   83 6  

Cells + SB + LPS 12202 966  102000 6592  

       

Material K, 
Donor 2 

  K = BD scaffolds  

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB n/d   46 10 lo 

Cells + SB + LPS 15150 458  53466 1342 h 

       

Material K, 
Donor 3 

  K = BD scaffolds  

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  
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Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   47 3 lo 

Cells + SB + LPS 7540 395  68350 1706  

Cells + SB + LPS/PolyB 1849 173  28269 1432  

       

Material L, 
Donor 1 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d  n/d 

Cells n/d   n/d  n/d 

Cells + LPS 9276 1076  106000 4162  

Cells + LPS/PolyB n/d   298 54  

Cells + PHA 5647 245  87043 22226  

Cells + SB 56 3  1786 269  

Cells + SB + LPS 11622 118  114000 3536  

Cells + SB + LPS/PolyB 596 68  14884 5538  

Cells + SB + PHA 8111 1504  88264 5004  

       

Material L, 
Donor 2 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB 595 22  5705 214  

Cells + SB + LPS 13416 502  29298 2379  

Cells + SB + LPS/PolyB 10921 73  28778 1590  

Cells + SB + PHA 13413 485  46550 2128  

        

Material M, 
Donor 1 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 9275,556 1076  106000 4162  

Cells + LPS/PolyB n/d   298 54  

Cells + PHA 5646,667 245  87043 22226  

Cells + SB n/d   n/d   

Cells + SB + LPS 7543 262  71603 16017  

Cells + SB + LPS/PolyB n/d   384 77  

Cells + SB + PHA 5077,778 720  96413 2497  

       

Material M, 
Donor 3 

      

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  
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Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB n/d   n/d   

Cells + SB + LPS 1570 154  50690 2505  

        

Material N, 
Donor 1 

  N = degummed silk  

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 9276 1076  106000 4162  

Cells + LPS/PolyB n/d   298 54  

Cells + PHA 5647 245  87043 22226  

Cells + SB 1818 163  26235 11092 h 

Cells + SB + LPS 9709 1090  130000 9898  

Cells + SB + LPS/PolyB 3984 463  71608 1214 h 

Cells + SB + PHA 5880  a 98654 4714  

       

Material N, 
Donor 3 

  N = degummed silk  

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB 1470 66  19017 475 h 

Cells + SB + LPS 2377 339  51012 4575  

Cells + SB + LPS/PolyB 2080 122  45896 1332  

Cells + SB + PHA 3965 173  48751 5551  

       

Material O, 
Donor 2 

  O = sericin   

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 8193 421  54907 3659 h 

Cells + LPS/PolyB 2478 252  42562 2445 h 

Cells + PHA 9219 728  48915 6271  

Cells + SB 1045 30  1359 43  

       

Material O, 
Donor 3 

  O = sericin   

  [IL-1B] +/-  [IL-6] +/-  

Medium n/d   n/d   

Cells n/d   n/d   

Cells + LPS 1411 62  66719 1014  

Cells + LPS/PolyB n/d   6182 887  

Cells + PHA 4398 219 48h 55627 2263 48h 

Cells + SB 1079 42  3133 358  
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Cells + SB + LPS 1938 188  7715 809  

 

Tables: Results for all materials after 24h of culture. Mean values and standard deviations 

calculated by the ELISA software. h = value was higher than highest standard in the linear 

ELISA standard curve. lo = value was lower than the lowest standard in the linear ELISA 

standard curve. 48h = sample missing, here is the sample from 48h. a = only one ELISA well, 

thus no standard deviation. 
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