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Abstract

Introduction - Osteoarthritis (OA) is the most important chronic musculoskeletal disorder in both humans
and horses. OA is a major cause of early retirement in horses. During the whole process from initiation to
the end stage of OA pain is experienced. Horses with OA can be treated systemically with anti-
inflammatory and/or pain reducing pharmaceuticals. Intra-articular (IA) administration of corticosteroids,
opioids and/or hyaluronic is used in modern-day equine veterinary practice. Treating horses IA repeatedly
bears disadvantages and risks. The use of alginate beads as a slow-release carrier for pharmaceuticals or
mesenchymal stem cells appears a promising new approach. This pilot study was designed to determine if
alginate beads can be safely injected in an equine joint. The reaction along the study raised more
guestions on what happened in the joint as a reaction to the alginate beads.

Materials and Methods - Three separate horses were selected for a pilot study. The protocols were
adjusted after each horse, according to the clinical reaction of the horses to the IA administration of solely
alginate beads. Sampling of synovial fluid and synovium took place for further investigation on presence of
biomarkers and histology. Enzyme-linked immunosorbent assays (ELISAs) against Interleukin-8 (IL-8),
Chemokine Ligand 2 (CCL2), Interleukin-1 beta (IL-18) and Tumor Necrosis Factor alfa (TNFa) were
performed on sampled synovial fluid. Haematoxylin Eosin staining was done on synovium samples. An
attempt was made to design an in vitro predictor for the in vivo reaction to biomaterials like alginate beads
using whole blood of 6 healthy blood donors. ELISA’s against IL-8 en CCL2 were performed on the
supernatant of the whole blood assay (WBA).

Results - After IA administration of alginate beads horses showed severe lameness. There were clear
increasing values of all tested biomarkers in the synovial fluid sampled from the pilot study. Histology
showed clear reaction to something present in the synovial fluid, without clear differentiation on what
type of reaction was present. The WBA showed clear increasing values of IL-8 and CCL2 in reaction to the
alginate beads that were used during the pilot study.

Discussion — Adjustments to the experimental design of this pilot study might have contributed to more
valuable results. Knowing alginate itself is immunogenic could have predicted a reaction to alginate beads
in horses, especially since it is known that horses seem particularly sensitive to a foreign body reaction in
the joint. Horses often present with (transient) lameness and elevated white blood cell counts after
injection of a biomaterial. Even materials that do not normally elicit an adaptive immune response and
have been tested in other animals, can lead to swollen and painful joints in horses.

Conclusion - More research needs to be performed before extensive in vivo testing with alginate beads in
horses can be done. The increase of biomarkers against Interleukin-8 (IL-8), Chemokine Ligand 2
(CCL2), Interleukin-1 beta (IL-1B) and Tumor Necrosis Factor alfa (TNFa) suggest a foreign body

response is active in the treated joints. An equine whole blood assay appears a promising in vitro test
to predict an in vivo reaction to biomaterials.




Introduction

Osteoarthritis (OA), also referred to as degenerative joint disease or osteoarthrosis, is the most important
chronic musculoskeletal disorder in both humans and horses. (7) OA is a major cause of early retirement in
horses. (8—11) Along with other articular diseases OA constitutes the greatest single economic loss to the
equine industry. (11) “Osteoarthritis can be described as the failed repair of damage that has been caused by
excessive mechanical stress on joint tissues.”(7,12) This definition of OA implies there are multiple factors that
can lead to OA, but mechanical impact is central to all of these. (7) In horses synovitis is seen as an important
primary event in the development of OA, and at the least as a factor that is repeatedly present in OA patients.
(13) From a neutral perspective whether there are single or multiple primary factors in the onset of OA, it is
generally agreed a vicious cycle is started off resulting in inflammation, structural damage, loss of resistance to
loading and degradation of the joint. It is important to realise articular cartilage is incapable of complete self-
repair. Damaged cartilage is replaced by fibrocartilage that is biomechanically less competent. In the articular
cartilage progressing damage leads to softening, fibrillation, ulceration and eventually loss of cartilage. The
synovial membrane and joint capsule become hypertrophic and fibrotic. There is sclerosis and eburnation of
subchondral bone and formation of osteophytes and/or subchondral cysts. During the whole process from
initiation to the end stage of OA pain is experienced. (7)

Apart from several systemic anti-inflammatory and/or pain treatments and other systemic treatments that
claim to have a disease-modifying effects, there are different topical therapies for joint pain.(7) Intra-articular
(IA) administration of corticosteroids is commonly used in the equine practice, whereas opioids and Hyaluronic
Acid (HA) have also been used in experiments. Corticosteroids inhibit de nuclear factor (NF)-kB signalling
pathway, and thus acts as a potent upstream inhibitor of inflammation. (7,14,15) There seems to be consent on
when corticosteroids are used reasonably with limited frequency and dose intervals as well as dosage, then the
advantages exceed the disadvantages and possible risks. (7,16)

Opioids are not commonly used in the equine practice and are unlikely to be used in horses with chronic joint
pain in the future, because of its short duration of action and regulatory responsibilities. (7) Whereas
hyaluronic acid has shown to have a substantial analgesic effect when administered in combination with
corticosteroids. The dose of corticosteroids can be lowered when used in combination with HA, counteracting
the possible deleterious effects of corticosteroid on the cartilage or due to the claimed ‘chondroprotective’
action of HA. (7,17) The combination of corticosteroids with HA is popular in the equine practice, even though
there are limited controlled comparable data of IA administration of corticosteroids, HA and corticosteroid plus
HA. (7)

The disadvantages and risks of repeatedly treating horses inside the joint ask for another approach. Ideally a
one time treatment that is effective long-term, for example a slow release carrier of pharmaceuticals. Or even
a more definitive treatment by which the affected cartilage can be repaired, for example with mesenchymal
stem cells (MSC’s). Alginate is seen as a possible carrier for these pharmaceuticals or MSC’s. (26)

Prior to this pilot-study, alginate beads (without pharmaceuticals or MSC’s) were injected in joint of rats. There
was no indication of response to the alginate beads in rats. Since osteoarthrosis is such a big problem in horses,
testing the beads in horses was a logical step before testing in the ultimate goal-patients; humans.

The initial aim of this study was to determine whether or not alginate beads are suitable for use in joints of
horses. There was a plan to inject eight horses stationed in England with the beads in the near future.

For ethical reasons alginate beads were injected in initially one horse’s intercarpal joints, these beads did not
contain pharmaceuticals or MSC’s and were the same beads used in rats. This horse had a severe reaction to
the beads. Therefore is was decided the alginate beads needed to be tested on a second horse before trying it
on the eight horses in England, and to determine what had caused this severe reaction. After testing on the




second horse, according to an adjusted protocol, a third horse was selected to be injected with alginate beads.
Again the protocol was adjusted. All three horses showed severe reaction to the beads in the intercarpal
joint(s). It was decided that before alginate beads would be used again in any horse, it had to be determined
what had caused the reaction in these horses.

Alginate beads clearly caused a disturbance of the dynamic equilibrium in synovial joints of the horses used in
this pilot study. This equilibrium is normally achieved by a natural balance between anabolic and catabolic
processes. This can only be understood when the anatomy and physiology of the synovial joint is
comprehended. (1) Synovial joints are also said to be the hinges of the vertebrate skeleton and enable
movement and mobility. There are many different types of synovial joints. Despite the difference in anatomy
the general structure is equivalent. The synovial joint connects long bones which ends are covered by a thin
line of hyaline articular cartilage and supported by subchondral bone. The articular cartilage is in direct contact
with synovial fluid (SF), which acts as a source nourishment for the cartilage itself as well as lubricant for the
joint in motion. A fibrous joint capsule confines the synovial cavity, this specialized continuous one- to three-
cell-thick layer forms this inner lining of the joint capsule and is known as synovial membrane or synovium. (1)
The SM is equipped with a modest supply of nerve and autonomic fibres, believed to play an important role in
joint effusion, nociception and synovial inflammation in joint disease. There is no basement membrane
present. (2) Each joint disorder, either degenerative or inflammatory, is a disruption of intra-articular
homeostasis, a disturbance of the dynamic equilibrium or ‘steady state’.

The SF is produced by movement of fluid along the synovial capillary bed due to local hydrostatic and osmotic
pressure changes. The lack of basement membrane allows great exchange of all sorts of components, except
macromolecules, between plasma and SF. (3) Therefore the term ultra filtrate is in place. Normal SF is clear,
very viscous and contains limited numbers of cells that are mostly mononuclear. Normal or healthy cell counts
are less than 25 g/L, but can dramatically increase in case of acute joint inflammation. In that case neutrophils
become the predominant cell type. Articular cartilage (AC) is aneural, avascular as well as alymphatic. The SF
makes up for the lack of these components by serving as a source of nutrients and providing the possibility of
disposing certain metabolites for the AC. The SF acts as a medium of communication between synovium and
articular cartilage, in both physiological as well as pathological processes.(1) Biomarker measurement in SF is a
method to study joint homeostasis in vivo. The term biomarker has been defined as ‘a parameter that can be
objectively measured and evaluated as an indicator of normal physiological or pathological processes, or the
response to pharmacological intervention’ by the Biomarkers Definitions Working Group. The SF provides an
accurate reflection of the local microenvironment of the sampled joint at that timepoint, making SF preferable
to blood and serum. (1,4) Crucial information on levels of inflammatory mediators, cytokines, growth-factors
and catabolic enzyme activity can be provided by research done on SF. (1) Identification of parameters in
synovial fluid (SF) is used to accurately assess intra-synovial inflammations in cases of joint disease and is still
an active area of research. (5,6)

Natural alginate is an anionic polymer that in most cases is obtained from brown seaweed or Phaeophyceae. It
has been broadly investigated and is being used for several biomedical applications. Alginate is highly
biocompatible, low toxic, relatively low-priced and transforms into a gel by addition of a divalent cation like
Ca”. There is structural similarity between alginate and extracellular matrices of living tissues which allow wide
application such as in wound healing, slow-release of bioactive agents and even cell transplantation.(18)

It is also possible to biosynthesize alginate with more defined chemical structures and physical properties than
alginate derived from seaweed. This is done by using the bacteria Azotobacter and Pseudomonas. In general
the biosynthesis can be divided into (i) synthesis of precursor substrate, (ii) polymerization and cytoplasmic
membrane transfer, (iii) periplasmic transfer and modification and (iv) export through the outer membrane.
(18,20) The regulation of alginate biosynthesis in bacteria and the possibilities of modification empower
production of tailor-made characteristics and therefore specific applications. The difference in the process of
deriving or production can result in varying levels of purity of the alginate. (18)

Alginate is determined as a biomaterial that has great utility and potential in different biomedical applications.




Especially in wound healing, drug delivery, in vitro cell culture, and tissue engineering. Some of the most
favourable features of alginate comprise biocompatibility, mild gelation conditions and the possibility to modify
to acquire certain properties. Alginate has credentials in sage clinical use as wound dressing material and
pharmaceutical and has been implanted safely in a variety of applications. (18)

Any biomaterial injected in a horse can be seen as foreign body by the immune system.

Foreign body responses are usually characterized by an acute and a chronic phase (29). The acute phase is
characterized by neutrophil influx, probably mediated by chemo attractants such as Interleukin-8 (IL-8), and
production of Interleukin-1 (IL-1B), Chemokine Ligand 2 (CCL2) and Tumor Necrosis Factor alpha (TNFa) by
monocytes, macrophages, fibroblasts and endothelial cells (30,31). In the chronic phase there are mostly
fibroblasts and macrophages that aim to either encapsulate or degrade the foreign body. (30) A foreign body
reaction can occur when injecting biomaterials into the joint. (18) Cytokines such as Interleukin-8 (IL-8),
Interleukin-1 (IL-1B), Chemokine Ligand 2 (CCL2) and Tumor Necrosis Factor alpha (TNFa) are produced by cells
in the synovium or by infiltrating leukocytes and released into the SF. Then they can reach the articular
cartilage and affect chondrocyte synthesis activities of cause direct cartilage breakdown. (41,42) IL-8 is a
chemokine. Chemokines are mediators of inflammation that can induce chemotaxis in a variety of cells;
neutrophils, monocytes, lymphocytes, eosinophils and fibroblasts. (43) IL-8 is one of the most potent chemo-
attractants for polymorphonuclear neutrophils (PMNs), they stimulate their chemotaxis and generate reactive
oxygen metabolites. It is synthesized by a variety of cells including monocytes/macrophages, chondrocytes,
fibroblasts and osteoblasts. (44) IL-8 can boost release of inflammatory cytokines like IL-13, CCL2 and TNFa in
mononuclear cells. These may further modulate the inflammatory response. IL-8 can also stimulate neutrophil
degranulation and adhere to endothelial cells by macrophage antigen-1. (45) Horses seem particularly sensitive
to a foreign body reaction in the joint. (18,32)

During the pilot-study it became clear that the intra-articular administration of alginate beads caused a severe
inflammation in the joint of horses. Therefore this pilot-study was ultimately aimed to investigate the factors
involved in the response of equine joints to alginate beads. To determine the, possible species-associated, type
of inflammation, presumably a foreign body response. Furthermore an attempt to develop an in vitro screening

tool for this reaction was tested. (33)




Materials and Methods

One by one ultimately three horses were injected with the alginate beads in the intercarpal joint. These beads
were provided by the Erasmus MC, University Medical Center Rotterdam. They were the same beads
(composition and size) as used before in rats.

The clinical presentation of the first horse showed very severe lameness to the left and right frontlegs that
were injected. There was a lot of production of synovial fluid (SF), which appeared cloudy when it was
aspirated from the joints. Because of these findings the second horse was injected in just one front leg, left.
The third horse was injected during a surgical practicum, and has therefore not walked past-injection as
opposed to the other two horses. It was chosen to inject alginate beads in both front legs for this reason. This
results in more limited clinical data collected from this third horse.

Alginate pilot-study

Selection of test animals and general design of the alginate pilot-study

The alginate pilot study was performed on three horses, at three different dates, following protocol that was
adjusted while the pilot study was on the go. The first horse P1 (=WP9) and last horse P3 (=P1) were injected in
both intercarpal joints, the second horse P2 (=WP12) was injected in only the left intercarpal joint. All horses
were sampled of synovial fluid by arthrocentesis at timepoint 0 (TO) after which they were injected with a
saline solution. This solution contained an unknown number of alginate beads and was injected by a
veterinarian of the equine department of the Veterinary Faculty, University Utrecht. The timepoints at which
synovial fluid (SF) was collected after the administration of the alginate beads differ per horse and leg due to
the protocol that was followed and due to the time the horse was alive after the administration of the alginate
beads in the joint(s). All synovium fluid samples were stored in eppendorf cups at a temperature of -80 degrees
Celsius. After the euthanasia synovium was collected from all the injected intercarpal joints and embedded in
paraffin.
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Figure 1 An overview of the treatment and sample collection protocol per horse and joint

P1

For the alginate pilot-experiment there was initially one horse selected; five years old New Forest pony stallion.
This pony was in possession of the Reproduction Department, Veterinary Faculty, Utrecht University. This pony
was selected for a chirurgical practicum, after which he would be euthanized. The reason for this selection was
lameness to his right front leg due to osteochondrosis of the sagittal ridge of the right metacarpus and cartilage
erosions of the distal metacarpal condylar cartilage. The intra-articular administration of alginate beads
dissolved in saline (3 mL) was performed in both right and left intercarpal joints. There was no information
about the condition of both intercarpal joint prior to the pilot-experiment. The pony was clinically monitored
and samples of synovial fluid were taken at time points T2, T8, T24, T72 and T168 hours after injection with the
beads in the left leg and time points T8 and T24 hours after injection with the beads in the right leg.

P2
The clinical information derived from the first pilot-experiment pony caused that the clinicians felt the need to




repeat the pilot with adjustments to the protocol. A second horse was selected. This horse was a general
educational horse from the Veterinary Faculty, Utrecht University; a 19 year old KWPN mare. This horse was
also selected for a chirurgical practicum, after which she would be euthanized. This horse was selected for this
practicum for unknown reasons. There was synovial fluid taken from this joint prior to the administration of the
alginate beads. The intra-articular administration of alginate beads in saline (1 mL) was done in solely the left
intercarpal joint. There was no information about the condition of the left intercarpal joint prior to the pilot-
experiment. The horse was clinically monitored and sampled from synovial fluid at time points T8 and T24. The
mare was euthanized for reaching the humane end point 32 hours after administration of the beads in the
joint. After euthanasia synovium was collected for histology.

P3

The clinical information derived from both prior pilot-experiments raised the need to repeat the administration
of alginate beads in the intercarpal joint in a reconstructed protocol. The Veterinary Faculty selected a third
horse for a chirurgical practicum; an 18 year old KWPN gelding. After this practicum the horse would be
euthanized. There is no further information on the condition of the intercarpal joints of this horse prior to the
pilot-experiment. Prior to the administration of the alginate beads synovial fluid was taken from the intercarpal
joints. The intra articular administration of alginate beads in saline (1mL) was done at the day of the chirurgical
practicum just prior to the anesthesia, in both intercarpal joints. The horse was sampled from synovial fluid at
time points T2 and T4 hours during the course of the chirurgical practicum. After euthanasia at timepoint T5,5
hours after administration of the alginate beads synovial fluid was sampled from both left and right intercarpal
joints and synovium was collected for histology.

Clinical evaluation

For P1 and P2 there has been a monitoring of clinical parameters. The level of lameness (1-5/5) was assessed
by a veterinarian of the equine department of the Veterinary Faculty, University Utrecht, this was the same
person that did the intra-articular administration of the alginate beads. This monitoring was done on a straight
line in walk and trot on a hard surface and on a hard surfaced circle in walk and trot. In the second horse (P2) it
was determined the humane end point was reached at T32 hours after administration of the beads; this was
done by the same veterinarian that assessed the level of lameness. The third horse (P3) was under anesthesia
in the hours post-injection, therefore no level of lameness was determined.

The assessment of the level of lameness of P1 was done on timepoints T8, T24 and T 48.

The assessment of the level of lameness of P2 was done on timepoints T4, T8, T24 and T30.

Histology

All available collected synovium samples (see figure 1 1) were embedded in paraffin and stored so they could
be stained at a later time. There was no macroscopic evaluation performed on the appearance of the inside of
the joint before the samples for microscopy were taken. For staining; synovium samples, after fixation in 10%
formalin, were dehydrated by an ethanol-series and cleared in xylene, embedded in paraffin (3x 96% EtOH-3x
100% EtOH-3x xylene-paraffin) and sectioned (5um) on a microtome (Microm). A Haematoxylin Eosin (HE)
staining was done on the synovium tissue. To visualize cells the available cut and deparaffinized synovium
sections were stained with haematoxylin (Merck 109249) and eosin (Merck 115935) following protocol
designed by the Veterinary Laboratory (Appendix |). Available HE slides have been evaluated by Drs. W.
Bergmann, veterinary pathologist at the Faculty of Veterinary Medicine, to acquire information about the
meaning of distinctive cell types present in the tissues.

Synovial fluid sampling and processing

Synovial fluid (SF) sampling of live horses was done by means of arthrocentesis (disposable needle Sterican,
size 2/green) from the intercarpal joint by a veterinarian from the Veterinary Faculty, University Utrecht. All SF
samples are centrifuged at 5000 RPM for five minutes (Hettich EBA20 centrifuge). After which the supernatant
was for the vast majority pipetted into eppendorf tubes and stored at -80°C. Some SF was directly transferred
to the laboratory of the Veterinary Faculty, University Utrecht, for total protein (TP) measurement (most
samples). The stored SF was thawed at room temperature before used for enzyme-linked immunosorbent
assays (ELISAs) against IL-8, CCL2, IL-1B and TNFa.

ELISAs SF
An ELISA is a five-step procedure, after coating of the ELISA plate with antigen and blocking all unbound sites to
prevent false positives, an antibody is added to the wells. Then an anti-goat IgG conjugated to an enzyme is




added. Reaction of a substrate with the enzyme to produce a coloured product indicating a positive reaction
takes place. After this the colouring process is stopped and de plates get measured.

A total of four biomarker assays, were performed on (almost) each synovial sample. Some synovial samples ran
out before all ELISA’s were performed.

A commercially available Kingfisher Biotech do-it-yourself ELISA-kit (KFDIYO702E003) for Equine IL-8 was used
for the quantitative determination of chemokine Interleukin-8 (IL-8) following protocol based on the
instructions provided by the supplier (Appendix II). A commercially available Kingfisher Biotech do-it-yourself
ELISA-kit for Equine CCL2 (KFDIYO694E003) was used for the quantitative determination of CCL2 following
protocol based on instructions provided by the supplier (Appendix Ill). A commercially available Kingfisher
Biotech do-it-yourself ELISA-kit for Equine IL-13 (KFDIYO699E003) was used for the quantitative determination
of Interleukin-béta (IL-1B) following protocol based on instructions provided by the supplier (Appendix IV).

A commercially available Thermo Scientific Equine TNFa ELISA reagent kit (product number ESS0017) was used
for quantitative determination of tumor necrosis factor alpha (TNFa) following protocol provided by the
supplier. (Appendix V) The plates were measured by the use of a TECAN plate reader.

Whole Blood Assay

In attempt to design an in vitro predictor for the in vivo intra-articular reaction to alginate a whole blood assay
(WBA) was performed with equine blood.

Blood of 6 equine donors was taken with heparin (Greiner Bio-One, VACUETTE® lithium heparin tubes, 9mL,
catalog number 95057-415) as anti-coagulant. The donors were clinically healthy research animals taking part
in another study. No additional health testing was performed on the blood. The horses were not treated with
medication at the time of the blood drawing or in the time before that, for that would have affected the
experiment.

Different types of alginates were tested, but the beads of interest were specifically the ‘oud kl g’ (see results
WBA) since these were the beads that were injected in the pilot study. These alginate beads were provided by
the Erasmus University Rotterdam and were rinsed according to the provided protocol. The other types of
alginate beads were of other composition and size, and were tested in this WBA for other purposes.

The different types of alginate beads were divided over the 48 wells plate (Greiner bio-one, Cellstar 48 Well
Cell Culture Plate, Cat.-No. 677 180). After which 100 pl of donors blood diluted with medium (6x/1:5) was
added. Other materials were added to the donor’s blood in the WBA as a positive control; lipopolysaccharide
(LPS) and polymethyl acrylate (PMA). In the negative control medium was added, instead of a biomaterial, to
the blood to add up to an equal total volume of 330 pl per well.

The plate was incubated for 18 hours in at 37°C. The next day the medium with blood (and liquid materials)
was pipetted into 1,5 mL eppendorf cups, and centrifuged at 1000G for 10 minutes. The supernatant was
pipetted into 1,5 ml eppendorf tubes. Per material and donor 100 ul was pipetted onto the ELISA plates.

It was decided ELISA’s on IL-8 and CCL2 should be performed on the supernatant of the WBA. A commercially
available Kingfisher Biotech do-it-yourself ELISA-kit (KFDIYO702E003) for Equine IL-8 was used for the
quantitative determination of chemokine ligand/Interleukin-8 (IL-8) following protocol based on the
instructions provided by the supplier (Appendix Il). A commercially available Kingfisher Biotech do-it-yourself
ELISA-kit for Equine CCL2 (KFDIYO694E003) was used for the quantitative determination of CCL2 following
protocol based on instructions provided by the supplier (Appendix Ill)

Statistical analysis

GraphPad Prism 7.04 was used to perform the statistical analyses over the results of the whole blood assay. To
test normality a Shapiro-Wilk test was performed. When present an ordinary one-way ANOVA with a
Bonferroni correction was performed to determine the significance of the results.




Results

Level of lameness

Two horses,P1 and P2, have been monitored on level of lameness at different time points. The third horse (P1)
was under anesthesia in the hours post-injection, therefore this clinical parameter was impossible to monitor
for this horse.
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Figure 2 Level of lameness (1-5/5) of patiénts 1 and 2 at different timepoints after intra-articular administration with
alginate beads.

For P1 there is a severe lameness of 5 out of 5 at timepoint 8, it was decided this horse needed pain
medication; oral administration of tramadol and butorphanol. This was administered for the following period
until the surgical practicum. At timepoint T24 the lameness decreased to 1 out of 5. The lameness at timepoint
T48 was 0,5 out of 5.

For horse P2 the first lameness assessment was performed at timepoint 4 and resulted in a score of 2 out of 5.
At timepoint 8 this lameness increased to a level of 3,5 out of 5. At that time tramadol (3000mg) and
phenylbutazon (2g) was orally administered. The highest level of lameness was reached at timepoint 24; 4 out
of 5. It was decided the horse needed intra-articular administration of morphine. At the last assessment, at
timepoint 30, a level of lameness of 3,5 out of 5 was assigned. At timepoint 32 it was decided the horse had
reached its humane endpoint despite the pain medication and was euthanized.

Synovial fluid
Directly after collection of synovial fluid a portion was used to measure the total protein, for most samples.
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Figure 3 An overview of the available SF samples for total protein measurement.

For some samples (P1 left TO and T2, P3 right TO) there was not enough SF left after processing to measure the
total protein. Figure 4 shows the mean and standarddeviation of the total protein (g/L). The total protein
should be lower than 25 g/L. This is seen in all samples of timepoint 8 (n=3) and 24 (n=3).
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Figure 4 Total protein (g/L) in SF; mean and standarddeviation per timepoint

The Interleukin-8 (IL-8) ELISA was performed on the SF samples shown in Figure 5.
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Figure 5 An overview of the available SF samples for IL-8 ELISA

On all SF samples that were taken, an ELISA against IL-8 has been performed. Figure 6 shows the mean and
standarddeviation of IL-8 (pg/ml). At timepoint O (before administration of the alginate beads), there was an IL-
8 value close to zero. At timepoint 2 (n=2) the value increased to almost 300 pg/ml. For timepoint 4 there was
only one sample (P3 left) that also showed a value close to 300 pg/ml. The highest value of IL-8 was measured
at timepoint 5,5 (n=2), after which it seems to decrease in following time points 8, 24, 72 and 168.
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Figure 6 Interleukin-8 (pg/ml) in SF; mean and standarddeviation per timepoint




The Chemokine Ligand 2 (CCL2) ELISA was performed on the SF samples shown in Figure 7.
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Figure 7 An overview of the available SF samples for CCL2 ELISA

On all samples that were taken, an ELISA against CCL2 has been performed. Figure 8 shows the mean and
standarddeviation of CCL2 (pg/ml). At time points 0 and 2 the CCL2 value was close to 0. From timepoint 4 to 8,
there is an increase in value of CCL2. This decreases after timepoint 8.
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Figure 8 Chemokine Ligand 2 (pg/ml) in SF; mean and standarddeviation

The Interleuking-1p ELISA was performed on the SF samples shown in Figure 9.
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Figure 9 An overview of the available SF samples for IL-13 ELISA

On all SF samples that were taken, an ELISA against IL-1B has been performed. Figure 6 shows the mean and
standarddeviation of IL-1B (pg/ml). At timepoint 8 (n=3) there is a clear increase in value of IL-1pB, at this
timepoint there is a large standarddeviation.
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Figure 10 Interleukin-1B (pg/ml) in SF; mean and standarddeviation per timepoint

The Tumor Necrosis Factor-a ELISA was performed on the SF samples shown in Figure 9.
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Figure 11 An overview of the available SF samples for TNFa ELISA

On all SF samples that were taken, an ELISA against TNFa has been performed. Figure 6 shows the mean and
standarddeviation of TNFa (pg/ml). From timepoint 2 (n=2) there is a clear increase in value of TNFa. At
timepoint 4 (n=1) the highest value of TNFa is measured. The value remains high until timepoint 8 and then
decreases after that.

TNFa (pg/ml)
50000
45000 -
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35000
30000 —
25000
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15000
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TO T2 T4 T5,5 T8 T24 T72 T168

Figure 12 Tumor Necrosis Factor-a (pg/ml) in SF; mean and standarddeviation per timepoint
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Histology

All joints treated with alginate beads have been samples on synovium for histology. All samples have been

-

2o
s
Yates

stained with the HE staining. The following pictures
represent the best sample per joint. All histology
samples have been evaluated by Drs. W. Bergmann,
veterinary pathologist at the Faculty of Veterinary
Medicine, and showed a lot of resemblance. In
general the histology shows; neutrophil influx at the
synovial borders that suggest reaction to something
present in the synovial fluid. No particular celtype was
identified that would indicate a specific foreign body
response. The neutrophil influx could also occur in
reaction to a microorganism in the synovial fluid
according to Drs. W. Bergmann.

Picture 2 P2 Picture 3 P3 left
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Whole Blood Assay + ELISA

The ELISA against IL-8 was performed on the supernatant of all 6 blood-donors. LPS and PMA were used as
positive controls, where in the negative control no substance was added in the wells.

IL-8 ELISA Negative LPS Oudkl g Oud grG OudgrM
(pg/ml) control
37,15 165,3 1732,1 446,8 33,3 39,3
P 49,65 277,75 2200,6 580,2 49,5 44

EE (89,05 219,85 1764,5 250,4 194,7 97,1

128,35 404,3 774,4 1040,5 261 275,9
48 144,4 812,7 2280,3 136,3 105,4

88,9 500,85 1285,2 3137,45 189,6 322,9
Figure 13 Results of equine WBA and ELISA against IL-8 (pg/ml)

For all donors the negative control value measured lower than the value of the positive controls LPS and PMA
and the value of ‘Oud kl g’. Therefore both LPS and PMA functioned as positive controls. The IL-8 values in
reaction to de alginate beads ‘Oud ki g’ (that were used in the pilot study) are high. As apposed to the values in
reaction to the other types of alginate beads, that had other composition and size.
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Figure 14 Mean and standarddeviation IL-8 (pg/ml)

Statistical analysis shows significant (P=0,0071) outcome when the alginate beads ‘Oud kl g’ are compared to
the negative control. This was alto the case with positive control PMA, but not for LPS.
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The ELISA against CCL2 was performed on the supernatant of all 6 blood-donors. LPS and PMA were used as
positive controls, where in the negative control no substance was added in the wells.

CCL2 ELISA Negative Oud kl g Oud gr G Oud grMm
ot P N N S S
I 17,65 2539,9 213,3 2511,2 303,9 117,5
40,25 4064,15 530,7 5169,9 1448,3 1501
253,65 6705,25 1164,8 6887,2 1705,7 1859,6
0 3297 559,9 3168,1 0 0
512,8 3561,85 986,7 3779,9 478,9 950,2

2449 1692,25 1099,2 2994,3 134,8 188,1
Figure 15 Results of equine WBA and ELISA against CCL2

For all donors the negative control value measured lower than the value of the positive controls LPS and PMA
and the value of ‘Oud kl g’. Therefore both LPS and PMA functioned as positive controls. The CCL2 values in
reaction to de alginate beads ‘Oud ki g’ (that were used in the pilot study) are high. As apposed to the values in
reaction to the other types of alginate beads, that had other composition and size.
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Figure 16 Mean and standarddeviation CCL2 (pg/ml)

Statistical analysis shows significant (P<0,0001) outcome when the alginate beads ‘Oud kl g’ are compared to
the negative control. This was also the case with positive control LPS, but not for PMA.
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Discussion

Pilot study

This pilot study was designed as a check to determine if the alginate beads that were used before in rats were
‘safe’ to use in horses, before a more broad testing would be performed in England. Therefore initially only one
horse was selected to be treated in both intercarpal joints; P1. This horse had already been selected for the
surgical practicum, which made it ethically responsible to use this horse for another scientific purpose. The first
horse was a relatively young horse (5 years old), which suffered from lameness that originated in another joint.
No evaluation on the state of the intercarpal joints was performed. This information on the state of the
intercarpal joint could have lead to the decision this horse was not suitable for this experiment.

In hindsight we would preferably have treated only one intercarpal joint, instead of two at the same time, for
ethical reasons. The lameness that developed was not expected upfront, making the decision on treating both
intercarpal joint not a wrong call. In theory it is possible that despite extensive cleaning prior to injection a
bacterium was taken in the joint at the injection-site. That this had happened in two joints would have been a
great coincidence considering the experience of the people involved.

Arthrocentesis to collect synovial fluid was performed 6 times in the left leg, and 4 times in the right leg.

After the severe clinical signs of the first horse, a second horse was selected. This horse was much older (19
years), and also selected for the surgical practicum for unknown reasons. Again no evaluation on the state of
the intercarpal joints was performed. Which would have been interesting since this horse was already 19 years
old. It was decided, in reaction to the clinical evaluation of the first horse, only one intercarpal joint would be
treated. This horse became severely lame already 4 hours after administration of the beads in the joint. Despite
pain medication it reached it’'s human endpoint 30 hours after the administration of the beads, and was
euthanized. Arthrocentesis in this horse was done on the 3 time points that seemed the most relevant in the
first horse, TO, T8 en T24. This horse already appeared lame on timepoint T4, which would have been a good
timepoint to also take SF. The horse showed clinical signs and it would have been interesting to see if the
reaction could also be seen in the SF at this timepoint.

After the first two horses it was decided, for ethical reasons, no IA administration of the alginate beads would
be repeated in a conscious horse before it was clear why the reaction was so severe in terms of lameness.

An alternative was to inject the horse just prior to the induction of anaesthesia of a surgical practicum. The
next planned practicum was performed on a 18 year old horse. No evaluation of the state of the intercarpal
joints was performed prior to the administration of alginate beads in both joints. A disadvantage was that no
level of lameness could be monitored. This was justified by the ethical arguments. Also sampling of SF could
only be done during the practicum. It was decided this would be done every two hours and at the end (TO, T2,
T4 and T5,5). In hindsight the results of the ELISA’s on different biomarkers were all increasing during this
period TO-T5,5. The results of the ELISA’s are corresponding to the results of the other two horses, by which we
can conclude this horse would have also been lame if conscious.

SF sampling of the horses was not performed at equal timepoints. Due to that the results of the ELISA’s are
difficult to read, compare and judge. Statistical analyses on these results is not possible, due to too low
numbers of testing. Since this experiment was performed as a pilot study, prior to a more extensive study in
England, this is not wrong choice.

Literature reports high M content alginates to be immunogenic and approximately 10 times more potent in the
onset of cytokine production in comparison with high G alginates. (21) Whilst others found little or no immune
response. (22) Immunogenic responses might be caused by impurities in the alginate itself, as it is obtained
from natural sources. Impurities like heavy metals, endotoxins, proteins and polyphenolic compounds could be
present in the alginate. (18) There bacterial culture performed on the alginate beads prior to injection that
turned out negative, so endotoxins were ruled out.

The exact content of M and G in the used alginate beads during this pilot study was not known. Knowing
alginate itself is immunogenic could have predicted a reaction to alginate beads in horses, especially since it is
known that horses seem particularly sensitive to a foreign body reaction in the joint. (18,32) Horses often
present with (transient) lameness and elevated white blood cell counts after injection of a biomaterial. Even
materials that do not normally elicit an adaptive immune response and have been tested in other animals, can
lead to swollen and painful joints in horses. (18,32)

The increase of biomarkers against Interleukin-8 (IL-8), Chemokine Ligand 2 (CCL2), Interleukin-1 beta (IL-1B)
and Tumor Necrosis Factor alfa (TNFa) suggest a foreign body response is active in the treated joints.
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Whole Blood Assay

The performed WBA was designed in attempt to predict the reaction to biomaterial in vitro before
experimenting in vivo.

The results of the WBA show a significant increase in IL-8 and CCL2 in reaction to the alginate beads used in the
pilot study. The reaction seen in the pilot study could, according to the results of the WBA, have been predicted
by this in vitro test.

Also two other types of alginates were tested in this WBA, which show no increased levels of IL-8 and CCL2 in
this WBA. Possibly there is a difference in composition causing this difference in response. There culture was
performed on the alginate beads used in the pilot study that turned out negative; endotoxins were not
present. Although a false negative result of this culture cannot be ruled out.

To determine whether this WBA is also a predictive test for the reaction to the other two types of alginate in
equine joint, these types of alginates would have to be injected in the joints of horses. They would have to be
clinically monitored en sampled from SF en synovium like the first two horses in the pilot study. For ethical
reasons this is not done yet.

Conclusion
The initial aim of this study was to determine whether or not alginate beads are suitable for use in joints of
horses. According to the results obtained, it is safe to say that the alginate beads used in this pilot study are not

suitable for use in joints of horses. The used beads cause severe lameness en elevated biomarker levels in the
SF.

During the pilot-study it became clear that the intra-articular administration of alginate beads caused a severe
inflammation in the joint of horses. This pilot-study was ultimately aimed to investigate the factors involved in
the response of equine joints to alginate beads and to determine the, possible species-associated, type of
inflammation, presumably a foreign body response.

The results of the different biomarker levels in the SF of the pilot study suggest it is possible a foreign body
response has taken place in the joints.

More research needs to be performed before extensive in vivo testing with alginate beads in horses can be
done. An equine whole blood assay appears a promising in vitro test to predict an in vivo reaction to
biomaterials.
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Appendix | - SOP002- Hematoxylin Eosin staining

(SOP002 UU-FVM-DGG-DGP Version 4, 26-07-2016)

1. Aim and Background

The most commonly used staining for looking at the morphology during histology is called hematoxylin and
Eosin (HE). HE contains two dyes haematoxylin and eosin. Hematoxylin can be considered as a basic dye and
stains the nuclei of cells blue and Eosin Y is an acid dye and colors eosinophilic structures in various shades of
red, pink and orange and stains the cytoplasm.

2. Chemicals

* Acetic acid, (Boom 51830)

¢ Distilled water

® Eosin (Merck 115935, centrifuge room, safety cabinet)

* Ethanol 50% and 96%, See SOP0O buffers and solutions.

* Hydrochloric acid 37% (Merck 100317, Acid cabinet, fume hood)

* Graded alcohol solutions (60%, 70%, 80%, 96%, 100%)

* Mayers haematoxylin, (Merck 109249)(re-use multiple times)

* Depex (Merck 100579)

* Xylene (klinipath 4055-9005, safety cabinet)

Materials:

* Cover glass (VWR 631-0127/631-0146, IHC bench)

* Glassware for stainings

3. Preparing Solutions

* Eosin
o Eosin Yellowish 0.2gram
o Ethanol 50% 100ml
o Acetic Acid 1 drop

* Hydrochloric acid- alcohol
o Distilled water 400ml
o Ethanol 96% 400ml

o Hydrochloric acid 37% 4ml
4. Procedure

1. Deparaffinize slides by the following steps:

Xylene-Xylene- 96% EtOH, 80% EtOH, 70% EtOH and 60% ETOH 5min each step
2. Add slides to distilled water 5min
3. Stain slides in haematoxylin solution (filter before use!) 10-20sec

(re-use multiple times)
4. Rinse the slides once with tap water and deposit this blue water
as CA. I
5. Wash slides in running tap water 10 min
6. Check the staining, if staining is too blue:
De-stain slides with hydrochloric acid- alcohol (dip) and wash again
for 10 min. in running tap water. If not, skip this step!
7. Stain the slides with eosin solution 20sec
8. Dehydrate slides by the following steps:
o - 1time 70% EtOH quick in and out (eosin dissolves in 70% EtOH)
o - 2times 96% EtOH quick in and out
o - 1time 100% EtOH 5min
o - 2times Xylene 5min
9. Cover slides with Depex mounting medium.

5. Safety and Waste management
All the staining solutions and EtOH can be discarded in the cat. lll chemical waste can (fluids) or bin (solids, e.g.
filter paper).
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Appendix Il - SOP024 - ELISA against equine IL8 (SOP024 UU-FVM-DGG-DGP)
1. Aim and background

2. Chemicals and Materials
* Carbonate-bicarbonate coating buffer 100mM
o 1LMQ
o 3.03g Na,CO;
o 6.0g NaHCO;
o Addto pH =9,6 and filter sterile
* Coating Polyclonal Goat anti-horse IL8 antibody, 1mg/ml (King Fisher, PBO433E-100)
o Dilute 1000x in carbonate bicarbonate buffer to get 1 ug/ml concentration
*  Blocking buffer PBS 1% (w/v) BSA (50 ml needed for 1 plate)

o 50 mlPBS
o 0.5gBSA

*  Wash buffer PBS 0.1% (v/v) Tween-20
o 1LPBS

o 1mlTween-20
¢ Dilution buffer PBS 1% (w/v) BSA + 0.1% (v/v) Tween-20
o 50ml Wash Buffer
o 0.5g BSA in 50 ml Wash Buffer
* Detection Biotinylated Goat anti-horse IL8 antibody 1.0mg/ml (King Fisher, PBB0434E-050)
o Concentration: 0.02ug/ml
o Dilute stock solution of IL8 biotinylated detection AB 50.000x in dilution buffer
1. 1 ul IL8 Biotinylated detection AB in 499ul dilution buffer and vortex
2.100 ul out of dilution 1 in 9.9ml dilution buffer
* Recombinant equine IL8 1ug/ml (King Fisher, RPO312E-005)
o Concentrations: 1000pg/ml
o Dilute stock solution (1ug/ml) 1000x: 1ul stock + 999ul dilution buffer
*  High sensitivity streptavidin-horseradish peroxidase, 10ug/ml (Thermo Scientific, 21134)
o Concentration 20ng/ml
o Dilute the streptavidin-HRP stock 500x in blocking buffer (needs to contain BSA, not Tween)
= 10ml = 20ul HRP + 9980ul blocking buffer
*  TMB substrate solution (Thermo Scientific, N600) ready to use
*  Stop solution, 0.18M sulphuric acid
o 100mIMQ
o 1mlH,S0,

Materials
* EIA/RIA 96-well plates, Flatt bottom (Costar # 9018)
* Plate sealers
* Reagent reservoirs
*  Multichannel
e 0,22 um filters (Merck Millipore)

*  Syringes
3. Protocol
Day 1;

1. Filter the correct amount of carbonate bicarbonate buffer sterile

2. Dilute Coating Polyclonal goat anti-horse IL8 antibody (PBO433E-100) 1000x in carbonate-bicarbonate
buffer to get 1 ug/ml concentration

3. Coat the 96-well plate with Coating Polyclonal goat anti-horse IL8 antibody (100ul/well)

4. Seal with plate sealer and incubate overnight at room temperature (RT)

1. Discard coating solution and blot blate onto paper towels
2. Rinse 1x in Carbonate-bicarbonate coating buffer (300ul/well, filter before use)
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10.

11.
12.
13.
14.
15.
16.
17.

18.

19.

Blot plate onto paper towels

Incubate in Blocking buffer (filter) 90 min at RT (300ul/well, filter before use)

Prepare in Effendorf tubes a standard curve for Recombinant equine IL8 (RP0312E-005) by making 1:2
serial dilutions in Dilution buffer (filter) ranging from 1000 15pg/ml, see scheme

Dilution of standard curve of IL8 Recombinant

Standard | Pg/ml IL8 Recombinant Dilution buffer

1 1000 1ul stock + 999ul dilution buffer
2 500 300ul standard 1 + 300ul dilution buffer
3 250 300ul standard 2 + 300ul dilution buffer
4 125 300ul standard 3 + 300ul dilution buffer
5 62,5 300ul standard 4 + 300ul dilution buffer
6 31.25 300ul standard 5 + 300ul dilution buffer
7 15.62 300ul standard 6 + 300ul dilution buffer
8 0 Oul stock + 300ul dilution buffer

Dilute synovial fluid samples 1:1 in dilution buffer
Discard Blocking solution and blot plate onto paper towels
Add 100ul of each standard (in duplo) or samples to each well. Cover plate with plate sealer and
incubate for 90min at RT
Wash 4x in Wash buffer (300ul/well)
Incubate 60 min at RT in Detection Biotinylated goat anti-horse IL8 antibody (PBB0434E-050)
(100ul/well)
Wash 4x in Wash buffer (300ul/well)
Incubate 30 min at RT in High sensitivity streptavidin-horseradish peroxidase (100ul/well)
Wash 4x in Wash buffer (300ul/well)
Incubate 30 min at RT in TMB substrate solution in the dark (100ul/well)
Stop the reaction by adding one volume of stop solution (100ul/well)
Clean plate bottom with EtOH if necessary
Measure absorbance at
a. Wavelength 1 =450 nm
b. Wavelength 2 =540 (or 570) nm
Final reading = measurement wavelength 1 — measurement 2 (this corrects for optical imperfections in
the plate)
Plot mean absorbance reading on the y-axis versus log concentrations on the x-axis using a logistic
equation (4 or 5 parameter fit). Note that the standard curve is sigmoidal and not linear.
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Appendix Il = SOP024-1 ELISA against equine CCL2 (MCP-1)

1. Aim and Background

This protocol is based on the do-it-yourself EIISA kit of KingFisherBiotech. This kit contains capture antibody,
standard and detection antibody for development of an Equine CCL2 (MCP-1) ELISA.

This ELISA is recommended to measure Chemokine (C-C motif) ligand 2 (CCL2), also known as monocyte
chemotactic protein-1 (MCP-1). It is a small cytokine belonging to the CC chemokine family, it is characterized
by two adjacent cysteines. CCL2 (MCP-1) recruits monocytes, memory T cells, and dendritic cells to sites of
tissue injury and infection and is implicated in pathogeneses of several diseases characterized by monocytic
infiltrates, such as psoriasis, rheumatoid arthritis and atherosclerosis.

2. Chemicals and Materials

Chemicals:

* Carbonate-bicarbonate coating buffer 100mM
o 1LMQ,
o 3.03g Sodium Carbonate (Merck 106392, B27)
o 6.0g NaHCO3 (Merck, B66)

o Add to pH =9.6 and filter sterile
* Coating Polyclonal rabbit anti-horse CCL2 antibody 1mg/ml (King Fisher PBO123E-100), original vial
4*C
o dilute 1000x in carbonate-bicarbonate buffer to get 1ug/ml concentration
¢ Blocking solution PBS 1% (w/v) BSA (50 ml needed for 1 plate)
o 50ml PBS (See SOP0O buffers and solutions)
o 0.5g BSA (Sigma A3059, cold room)
e Wash buffer PBS 0.1% (v/v) Tween-20
o 1L PBS (See SOP0O buffers and solutions)
o 1ml Tween-20 (Boom 76021765)
e Dilution buffer PBS 1% (w/v) BSA + 0.1% (v/v) Tween-20
o 50ml Wash Buffer
o 0.5g BSA (Sigma A3059, cold room)
* Detection Biotinylated rabbit anti-horse CCL2 antibody 1.0mg/ml (King Fisher PBB0354E-050),
original vial 4*C
o Concentration: 0.1ug/ml
o Dilute stock solution of CCL2 biotinylated detection AB 10000x in dilution buffer
= 1ul CCL2 Biotinylated detection AB in 10 ml dilution buffer and vortex
* Recombinant equine CCL2 1ug/ml (King Fisher RPO054E-005), aliquots -20C
o  Concentration: 2500pg/ml
o Dilute stock solution (1pg/ml) 400x: 2.5ul stock + 997.5ul Dilution buffer
* High sensitivity streptavidin-horseradish peroxidase 10ug/ml (Thermo scientific, 21134), original vial
4°C
o Concentration 20ng/ml
o Dilute the streptavidin-HRP stock 500x in Blocking solution (needs to contain BSA, no Tween!)
= 10ml =20ul HRP + 9980ul Blocking solution

¢ TMB substrate solution (Thermo Scientific, N600), ready to use, 4°C.
* Stop solution, 0.18M sulfuric acid , 4°C
o 100mlI MQ

o 1mlHyS04 (Merck 320501, Acid cabinet, fume hood)
Materials:

* EIA/RIA 96-well plates, Flatt bottom (Costar # 9018)
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17.

Plate sealers

Reagent reservoirs
Multichannel

0.22um filters (Merck Millipore)

Syringes 3. Protocol

Day 1:

1. Filter the correct amount of carbonate bicarbonate buffer sterile

2. Dilute Coating Polyclonal rabbit anti-horse CCL2 antibody 1000x in carbonate-bicarbonate buffer
to get 1ug/ml concentration

3. Coat the 96-well plate with Coating AB solution (100ul per well)

4. Seal with plate sealer and incubate overnight at room temperature (RT)

Day 2:

1. Discard coating solution and blot plate onto paper towels

2. Rinse 1 x in Carbonate-bicarbonate coating buffer (300ul/well, filter before use)

3. Incubate in Blocking solution 90 min at RT (300ul/well, filter before use)

4. Prepare in Eppendorf tubes a standard curve for Recombinant CCL2 by making 1:2 serial dilutions in
Dilution buffer ranging from 2500 to 39pg/ml, see scheme.

Dilution of standard curve of CCL2 Recombinant

Standard | Pg/ml CCL2 Recombinant Dilution buffer

1 2500 2.5ul stock + 997.5ul dilution buffer
2 1250 300pl standard 1 + 300ul dilution buffer
3 625 300pl standard 2 + 300ul dilution buffer
4 312,5 300ul standard 3 + 300ul dilution buffer
5 156,25 300ul standard 4 + 300ul dilution buffer
6 78,125 300pl standard 5 + 300ul dilution buffer
7 39,062 300ul standard 6 + 300ul dilution buffer
8 0 Oul stock + 300ul dilution buffer

Prepare dilution of samples in Dilution buffer if necessary ( Filter Dilution buffer before use)
a. Dilution for Serum, 1:1 in dilution buffer
b. Dilution for medium, 1:10-1:50 in dilution buffer
c. Dilution for synovial fluid, 1:1 in dilution buffer
Discard Blocking solution and blot plate onto paper towels
Incubate standards and samples in duplo in the plate for 90 min at RT (100ul/well)
Wash 4x in Wash buffer (300ul/well)
Incubate 60 min at RT in Detection AB solution (100ul/well)
Wash4xinWashbuffer(300ul/well)
Incubate 30 min at RT in Streptavidin-HRP working solution (100ul/well)
Wash4xinWashbuffer(300ul/well)
Incubate 30 min in TMB substrate solution in the dark! (100 pl/well)
Stop the reaction by adding one volume of Stop solution (100ul /well)
Clean plate bottom with EtOH if necessary
Measureabsorbanceat: wavelength 1 =450 nm wavelength 2 =540 (or 570 nm)
Final reading = measurement wavelength 1 — measurement wavelength 2 (this corrects for optical

imperfections in the plate)

18.

Plot mean absorbance readings on the y-axis versus log concentrations on the X-axis using a logistic

equation (4 or 5 parameter fit). Note that the standard curve is sigmoidal and not linear.
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Appendix IV - SOP024-2 Equine IL1B ELISA

1. Aim and Background

Based on protocol KingFisherBiotech do-it-yourself ELISA for Equine IL1B . This kit contains capture antibody,
standard and detection antibody for development of an Equine IL1B.

Interleukin 1 beta (IL1B) also known as leukocytic pyrogen, mononuclear cell factor, lymphocyte activating
factor. IL1B is a member of the interleukin 1 family of cytokines. This cytokine is produced by activated
macrophages as a proprotein. This cytokine is an important mediator of the inflammatory response, and is
involved in a variety of cellular activities, including cell proliferation, differentiation, and apoptosis.

2. Chemicals and Materials
Chemicals:

Carbonate-bicarbonate coating buffer 100mM
o 1LMQ,
o 3.03gNayCO3

o 6.0g NaHCO;3

o Add to pH = 9.6 and filter sterile
Coating Polyclonal rabbit anti-horse IL1B antibody 1mg/ml (King Fisher KP1013E-100), original vial 4°C

o Dilute 400x in carbonate-bicarbonate buffer to get 2.5ug/ml concentration

o Blocking buffer PBS 1% (w/v) BSA (50ml needed for 1 plate) o 50ml PBS o 0.5g BSA

o Wash buffer PBS 0.1% (v/v) Tween-20 o 1LPBS

o 1mlTween-20
Dilution buffer PBS 1% (w/v) BSA + 0.1% (v/v) Tween-20

o 50ml Wash Buffer

o 0.5g BSA in 50 ml Wash Buffer
Detection Biotinylated rabbit anti-horse IL1B antibody 1.0mg/ml (King Fisher KPB1014E-050), original
vial 4°C

o Concentration: 0.2ug/ml

o Dilute stock solution of IL1b biotinylated detection AB 5000x in Blocking buffer
Recombinant equine IL1B 1ug/ml (King Fisher RPOO60E-005), aliquots -20°C

o Concentration: 2500pg/ml

o Dilute stock solution (1pg/ml) 400x: 2.5ul stock + 997.5ul Dilution buffer
High sensitivity streptavidin-horseradish peroxidase 10ug/ml (Thermo Scientific, 21134), original vial
4°C

o Concentration 10ng/ml Dilute the streptavidin-HRP stock 500x in Blocking buffer (needs to

contain BSA, no Tween!)
= 10ml = 20ul HRP + 9980ul Blocking buffer

TMB substrate solution (Thermo Scientific, N600), ready to use, 4°C.
Stop solution, 0.18M sulfuric acid , 4°C

o 100mIMQ

o Iml H2504

Materials:

EIA/RIA 96-well plates, Flatt bottom (Costar # 9018)
Plate sealers

Reagent reservoirs

Multichannel

0.22um filters (Merck Millipore)
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*  Syringes
3. Protocol
Day 1:
1) Filter the correct amount of carbonate bicarbonate buffer sterile

2) Dilute Coating Polyclonal rabbit anti-horse IL1B antibody 400x in carbonate-bicarbonate buffer to get
2.5ug/ml concentration

3) Coat the 96-well plate with Coating Polyclonal rabbit anti-horse IL1B antibody (100ul/well),

4) Seal with plate sealer and incubate overnight at room temperature (RT)

Day 2:

1. Discard coating solution and blot plate onto paper towels

2. Rinse 1 x in Carbonate-bicarbonate coating buffer (300ul/well, filter before use)

3. Blot plate onto paper towels

4. Incubate in Blocking buffer (filter) 90 min at RT (300ul/well, filter before use)

5. Prepare in Eppendorf tubes a standard curve for Recombinant equine IL1B by making 1:2 serial dilutions in

Dilution buffer (filter) ranging from 2500 to 39pg/ml, see scheme Dilution of standard curve IL1B
Recombinant:

Standard | pg/ml IL1B Recombinant Dilution buffer
1 2500 2.5ul stock + 997.5ul

2 1250 300ul standard 1 + 300ul

3 625 300ul standard 2 + 300ul

4 312,5 300ul standard 3 + 300ul

5 156,25 300ul standard 4 + 300ul

6 78,125 300ul standard 5 + 300ul

7 39,062 300ul standard 6 + 300ul

8 0 oul + 300ul

6. Dilute synovial fluid samples 1:1 in Dilution buffer
7. Discard Blocking solution and blot plate onto paper towels

8. Add 100l of each standard (in duplo) or samples to each well. Cover plate with plate sealer and incubate
for 90min at RT

9. Wash 4x in Wash buffer (300ul/well)

26



10.Incubate 60 min at RT in Detection Biotinylated rabbit anti-horse IL1B antibody (100ul/well)
11. Wash4xinWashbuffer(300ul/well)

12. Incubate 30 min at RT in High sensitivity streptavidin-horseradish peroxidase (100ul/well)
13. Wash4xinWashbuffer(300ul/well)

14.Incubate 30 min at RT in TMB substrate solution in the dark! (100ul/well)

15. Stop the reaction by adding one volume of Stop solution (100ul/well)

16. Clean plate bottom with EtOH if necessary.

17. Measure absorbance at

a) wavelength 1 =450 nm
b) wavelength 2 = 540 (or 570 nm)

18. Final reading = measurement wavelength 1 — measurement wavelength 2 (this corrects for optical
imperfections in the plate)

19. Plot mean absorbance readings on the y-axis versus log concentrations on the x-axis using a logistic
equation (4 or 5 parameter fit). Note that the standard curve is sigmoidal and not linear.
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Appendix V - SOP024-3 Equine TNFa ELISA

1. Aim and Background

This protocol describes the working of the Equine TNFa ELISA reagent kit of Thermo Scientific (product number
ESS0017). This ELISA kit contains a pre-tittered coating and detection antibodies and recommended buffer and
specific assay protocol optimized for the quantitative measurement of equine TNFa.

Tumor necrosis factor alpha (TNFa) is a cell signaling protein (cytokine) involved in systemic inflammation. The
primary role of TNF is in the regulation of immune cells. It is produced chiefly by activated macrophages,
although it can be produced by many other cell types such as CD4+ lymphocytes, NK cells, neutrophils, mast
cells, eosinophils, and neurons.

2. Chemicals and materials
Chemicals:

* Carbonate-bicarbonate coating buffer 100mM
o 1LmQ,
o 3.03gNayCO3
o 6.0g NaHCO3
o Add to pH = 9.6 and filter sterile
*  Blocking buffer PBS 1% (w/v) BSA

o 50ml PBS
o 0.5gBSA

*  Wash buffer PBS 0.1% (v/v) Tween-20
o 1LPBS

o 1mlTween-20
¢ Dilution buffer PBS 1% (w/v) BSA + 0.1% (v/v) Tween-20
o 50ml Wash Buffer
o 0.5g BSA in 50 ml Wash Buffer
¢ Anti-equine TNFa Coating antibody
o Dilute 1:100 in carbonate-bicarbonate buffer
o Add 110yl coating antibody to 10.89ml of carbonate-bicarbonate buffer
* Lyophilized recombinant Equine TNFa Standard (10ng/ml), see vial label
o Dilute 1:10 in dilution buffer to get a concentration of 1000pg/ml
¢ Anti-equine TNFa Detection antibody o Dilute 1:100 in blocking buffer
o Add 110pl detection antibody in 10.89ml of blocking buffer
* Streptavidin-HRP
o Dilute 1:400 in blocking buffer
o Add 30pl of Streptavidin-HRP to 12ml of blocking buffer
¢ TMB substrate solution (Thermo Scientific, N600), ready to use, 4°C.
*  Stop solution, 0.18M sulfuric acid , 4°C
o 100mIMQ
o Iml H2504

Note: Immediately upon receipt, aliquot and freeze the coating and detecting antibodies at -20°C. Avoid
repeated freeze-thaw cycles.

Materials:

EIA/RIA 96-well plates, Flatt bottom (Costar # 9018)
- Plate sealers for 96 well plates (15036)
- Reagent reservoir

- Multichannel
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- 0.22um filters (Merck Millipore)
- Syringes
3. Protocol
Day 1
1. Filter the correct amount of carbonate bicarbonate buffer sterile
2. Dilute Anti-equine TNFa Coating antibody 100 x in carbonate-bicarbonate buffer to get 1ug/ml
concentration
3. Coat the 96-well plate with Anti-equine TNFa Coating antibody (100ul/well)
4,Seal with plate sealer and incubate overnight at room temperature (RT)
Day 2
1. Aspirate Coating antibody and blot dry on paper towel
2. Add 300 pl of Blocking buffer to each well and incubate for 1hour at RT
3. Reconstitute Lyophilized recombinant Equine TNFa Standard (10ng/ml) with dilution buffer to
prepare standard TNFa. Dilute reconstitute standard 1:10 in blocking buffer to prepare a
concentration of 1000pg/ml

4. Make a 1:2 serial dilution according to scheme underneath

Prepare Standard TNFa:

standard pg/ml Standard Dilution buffer
1 1000 100pl stock (10ng/ml)  900pul
2 500 250ul 250l
3 250 250yl 250l
4 125 250pl 250pl
- 62.5 250pl 250pl
6 31.25 250pl 250u
7 15.62 250ul 250pl
8 0 Opl 250l
5) Dilute synovial fluid samples 1:1 in dilution buffer
6. Add 100ul of each standard (in duplo) or samples to each well. Cover plate with plate sealer and

incubate for 1hour at RT
7. Aspirate and wash 3 times with Wash buffer (300ul/well)
8. Dilute Anti-equine TNFa Detection antibody 1:100 in blocking buffer
9. Add 100ul per well and incubate for 1 hour at RT
10. Aspirate and wash 3 times with Wash buffer(300ul/well)

11. Dilute Streptavidin-HRP 1:500 in blocking buffer
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12.

13.

14.

15.

16.

17.

18.

Add 100pl per well and incubate for 30min at RT
Aspirate and wash 3 times with Wash buffer(300ul/well)
Add 100pl of Substrate Solution to each well and incubate for 30min in the dark!
Stop the reaction by adding 100l of Stop Solution to each well
Measure absorbance at
- wavelength 1 =450
- wavelength 2 = 550 nm as references.

Measure plate within 30 minutes!

Final reading = measurement wavelength 1 — measurement wavelength 2 (this corrects for optical
imperfections in the plate)

Plot mean absorbance readings on the y-axis versus log concentrations on the X-axis using a logistic
equation (4 or 5 parameter fit). Note that the standard curve is sigmoidal and not linear
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