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Summary 
 
Non-healing bone injuries are generally treated using autograft techniques. These techniques 
are often invasive and painful, and the patient needs a lot of time to recover. Finding 
alternative, less invasive techniques are thus of great interest. A promising field is the use of 
scaffolds made from biopolymers for tissue engineering and tissue regeneration purposes. 
This study examined the in vivo tissue response to preformed hyaluronan-based hydrogel 
implants placed subcutaneously in rats, as a way to evaluate the biocompatibility of 
biopolymer-based scaffolds, with potential use as a bioactive scaffold in e.g., bone tissue 
engineering. 
 
To follow the tissue response over time, a series of experiments were performed where 
hydrogels were implanted for different time periods, in this case 1, 4, 7, 14, and 28 days. 
These time points were chosen to include both the immediate and the long-term tissue 
response to the material. 
 
The tissue response to the implants was evaluated using cryosections and Fluorescence-
Activated Cell Sorting (FACS), to see if cell ingrowth into the hydrogel occurred and what 
types of cells would be present in case of cell ingrowth. 
 
The results showed that cell ingrowth into the hydrogel implants had started already after 4 
days, and also indicated that the immune response to the material decreased over time, which 
in turn would indicate that the material is biocompatible and usable in tissue regeneration 
applications.  
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Introduction 
 
The skeletal system is one of the eleven major organ systems in the mammalian body, and 
consist of bones, cartilage, and ligaments. The primary anatomical and functional unit of bone 
is a structure called the osteon (or Haversian system). Each osteon consists of a central canal 
(Haversian canal) containing blood vessels and nerves, and surrounded by concentric lamellae 
of a mineralised collagen matrix (bone tissue). Among the cells present in bone, there are 
some called osteoblasts, that deposit collagen matrix and release calcium, magnesium and 
phosphate ions that combine to form the crystalline mineral hydroxyapatite (bone mineral). 
Other tissues found in bone include marrow, cartilage, endosteum (the lining of the marrow 
cavity) and periosteum (the lining of the outer surface of the bone). (Britton, 2007; Campbell 
& Reece, 2005) 
 
Bone has a number of important functions in the body. It provides mechanical support to soft 
tissues and serves as levers for muscle action, protects the brain and spinal cord, provides 
supporting haemotopoiesis, and maintains blood calcium levels. Several of these functions are 
maintained by continuous tissue renewal, called bone remodeling, where bone tissue is 
removed by specialized cells called osteoclasts (bone resorption) and new bone tissue is 
formed by osteoblasts (ossification). (Campbell & Reece, 2005; Harada & Rodan, 2003) 
 
Despite being a relatively strong tissue with a significant degree of elasticity, fractures or 
other injuries sometimes occur, from e.g., trauma, disease, or age-related bone loss. With 
modern treatment methods, most fractures heal through the formation of new bone tissue that 
connect the broken pieces. However, some broken bones do not heal, mainly due to the size 
of the fracture, and lack of adequate stability and/or blood flow. These injuries are called 
critical defects or non-unions. (Campbell & Reece, 2005; Patterson et al., 2010) 
 
The current treatment for this type of injuries is usually autografts, where bone grafts from 
some other part of the body are implanted at the injury site, to start regeneration and healing 
of bone in the damaged or diseased area. This method is invasive and often painful (i.e., at the 
sites of harvest and implantation), and takes a long time to heal. Consequently, the search for 
synthetic materials that can be used as templates for de novo formation of bone tissue is a 
research field of huge interest. (Bergman et al., 2008; Patterson et al., 2010) 
 

Hydrogels as scaffolds for bone regeneration 
 
Bone regeneration generally occurs through one or more of three well-established 
mechanisms: osteogenesis (formation and development of bone tissue), osteoinduction 
(stimulation of osteogenesis), and osteoconduction (the growth of bone tissue on and into the 
structure of an implant or a graft). A method of big interest for bone regeneration is the use of 
a osteoconductive material with incorporated osteoinductive molecules, as a scaffold to 
support and encourage cellular ingrowth and stimulate bone formation. Hydrogels are an 
appealing scaffold material, because they can be made structurally similar to the extracellular 
matrix of many tissues, as well as biocompatible (the material is able to exist inside the body 
without eliciting a response that interferes with its intended function). (Drury & Mooney, 
2003; Lee & Mooney, 2001; Patterson et al., 2010) 
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Adequate design of the scaffold and selection of the proper material for each specific tissue-
regeneration application depend on a number of variables, such as physical and biological 
properties of the tissue. Cell adhesion and gene expression are also closely related to the 
mechanical properties of the scaffold. For example, cells grown on hydrogels that mimic the 
elasticity of a tissue reveal a significant influence of matrix elasticity on adhesion, 
cytoskeletal organization, and even the differentiation of human adult derived stem cells. 
(Drury & Mooney, 2003; Lee & Mooney, 2001; Rehfeldt et al., 2007) 
 
Biopolymers are usually adequately biocompatible, even after chemical modifications. One 
such polymer is hyaluronic acid, which is a major component of the extracellular matrix 
(ECM) and other tissues; therefore it is a good candidate to create scaffolds for tissue 
engineering applications. (Drury & Mooney, 2003; Lee & Mooney, 2001) 
 
A hydrogel based on modified hyaluronic acid has been developed at the Division of Polymer 
Chemistry at Uppsala University. The hydrogel is based on two components; hyaluronic acid 
with added aldehyde groups (HAA), and hyaluronic acid with added carbazate groups (HAC). 
When aqueous solutions of the components are mixed together, the polymers crosslink 
rapidly through the reaction of the aldehydes and carbazates, with gelation occurring in the 
matter of seconds to a few minutes. 
 

Hyaluronic acid 
 
A biopolymer considered to have great potential for tissue engineering and regenerative 
medicine applications is hyaluronic acid (HA; also hyaluronan, or hyaluronate). HA has been 
shown to be non-immunogenic in vivo, it is completely biodegradable, and has a number of 
useful viscoelastic and physicochemical properties. (Bergman et al., 2008; Sall & Férard, 
2007) 
 
HA was first described by Meyer & Palmer (1934) as “a free polysaccharide acid of high 
molecular weight”. It is a linear, nonsulfated glycosylaminoglycan, consisting of repeating 
disaccharides of [-glucuronic acid-β-1,3- N-acetylglucosamine-β-1,4-] (Figure 1) (Bergman 
et al., 2008; Gerecht et al., 2007; Laurent & Fraser, 1992). 
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Figure 1. Chemical structure of hyaluronic acid.  

Modified from Nukui et al., 2003. 
 
 
HA is present in an identical form in all mammals. It is a major component of connective 
tissues, the extracellular matrix, the skin and several other tissues. HA is involved in a 
number of cellular processes, such as cell proliferation and motility. HA is also involved in 
wound healing, and has been shown to support bone growth when combined with 
osteoinductive molecules, and to have the ability to increase some markers of differentiation 
in cultured osteoblasts. (Bergman et al., 2008; Gerecht et al., 2007; Patterson et al., 2010; Sall 
& Férard, 2007) 
 

Fluorescence-Activated Cell Sorting 
 
Fluorescence-Activated Cell Sorting (FACS) is a technique for sorting, counting, and 
examining microscopic particles (e.g., cells). In the case of cells this is done by tagging them 
with fluorescent markers that bind to different places on the cell surface, suspending them in a 
stream of fluid and passing them by an electronic detection apparatus where a small laser 
beam hits the cells, and the way the light is reflected is registered by a light detector 
(Figure 2). Light that is reflected at small angles is called forward scatter (FSC), and relates to 
the size of the cell. Light reflected at all other angles is called side scatter (SSC), and relates 
to the granularity of the cell. 
 
As the cells pass through the laser, the fluorescent markers absorb light and emit a specific 
colour that is detected and quantified. The data from the different detectors is sent to a 
computer and plotted to a histogram. (Flow cytometry – How does it work? 2011) 
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Figure 2. Fluorescence-Activated Cell Sorting (FACS) 
The way light emitted by a laser is reflected of cells marked with fluorescent molecules is detected, and gives 
information about the cells physical characteristics and what types of surface markers that are present on the 

cells surface. Modified from http://www.fbs.leeds.ac.uk/facilities/flowcytometry/CellSorting.htm. 
 

  

Aims 
 
The aim of this project was to set up a method to evaluate in vivo tissue response 
(e.g., biocompatibility) to preformed hyaluronan-based hydrogel implants, in order to 
facilitate the creation of guidelines for the in vivo evaluation of similar materials, e.g., study 
of different mechanical properties of the hydrogel, the response to the incorporation and 
release of various growth factors, or the evaluation of more complex systems based on HA 
hydrogels. 
 
The method was then used to evaluate the in vivo tissue response to preformed hyaluronan-
based hydrogel implants, surgically placed subcutaneously in adult, male rats. 
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Results 
 

Enzyme Digestion and Sample Preparation 
 
Hyaluronidase from bovine testes attacks endo-N-acetylhexosaminic bonds between 2-
acetoamido-2-deoxy-β-D-glucose and D-glucuronate, i.e., the backbone bonds in HA. 
Collagenase is a protease that hydrolyses the X-Gly bond in the sequence -Pro-X-Gly-Pro-, 
where X is usually a neutral amino acid. Hyaluronidase and collagenase are regularly used in 
combination for tissue dissociation purposes. (Worthington Tissue Dissociation Guide, 2011) 
This combination of enzymes was used satisfactorily to digest hydrogel implants and the 
surrounding fascia, and obtain a cell suspension in 90-120 minutes.  
 

FACS analysis 
 
A selection of surface markers was tested by FACS, to determine the presence of cell types 
associated with tissue healing and bone regeneration. We chose to analyse the implants for 
presence of immune cells (leukocytes, macrophages, and granulocytes), mesenchymal stem 
cells (MSCs), and endothelial cells. These cell types were chosen to see how the body 
responds to the material, if there were multipotent precursor cells present, and if there were 
signs of angiogenesis, respectively. 
 
The presence of immune cells was evaluated using the HIS36 antibody, specific for the 
macrophage marker ED2-like antigen; the HIS48 antibody, specific for a granulocyte marker; 
and the anti-rat CD45 antibodies, specific for the leukocyte common antigen CD45. Presence 
of MSCs was evaluated using parts of the marker collection stated by Dominici et al., (2006); 
CD73 and CD90 (positive markers), as well as CD45 (negative marker). Presence of 
endothelial cells was evaluated using the endothelial cell marker CD31. Standard isotype 
antibodies were used to compensate for non-specific binding. (Charbonneau et al., 1988; 
Pusztaszeri et al., 2006) 
 
When evaluating the data (see Appendix for representative histograms), a parent population 
was created by plotting the forward scatter area (FSC-A) against the forward scatter height 
(FSC-H) of all hits, and considering all hits following a straight line as single cells. Gating 
between positive populations (cells presenting a specific marker) and negative populations 
(cells not presenting a specific marker) was done according to the isotype controls. 
 
The analysis showed no clear population of cells expressing the marker pattern for MSCs 
present inside or directly around the gels. Presence of immune cells (that were analysed for) 
was clearer, with a distinct population of cells expressing the leukocyte common antigen 
CD45 (Table 3). Cells expressing ED2-like antigen (macrophages) (Table 1) and the 
granulocyte marker (Table 2) was also clearly present, but not in such distinct populations. A 
small number of CD31 positive cells was also present (Table 4). The variation in immune cell 
populations and CD31 positive cells over time is shown in Figure 3. The presence of immune 
cells is clearly high immediately after implantation of the hydrogels, but decreases somewhat 
over time, especially the CD45 positive population (leukocytes). The CD31 positive 
population remains stable over the time period of these experiments. 
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Table 1. Macrophages (% of parent populationa) 
1 day 4 days 7 days 14 days 28 days 
18.3 7.5 1.9 11.4 8.0 
17.9 15.0 3.5 10.2 11.9 
12.0 19.3 15.1 19.6 7.8 
16.8 7.5 10.2 10.4 12.4 
8.7 23.6 14.0 7.7. 9.4 
9.6 5.3 2.7 14.7 12.4 
24.1 5.0 13.0 9.9 9.7 
20.4 5.1 - 11.8 - 
aParent population = All hits considered to be single cells 
 
 
Table 2. Granulocytes (% of parent populationa) 
1 day 4 days 7 days 14 days 28 days 
64.1 8.9 7.2 12.9 10.7 
83.9 17.6 55.0 13.3 16.4 
63.0 14.8 5.0 15.7 11.9 
67.1 13.4 17.9 8.5 8.2 
51.8 16.5 11.9 7.1 9.7 
43.8 20.5 34.7 13.2 11.7 
69.5 39.5 34.8 8.9 13.4 
71.4 32.6 - 11.7 - 
aParent population = All hits considered to be single cells 
 
 
Table 3. Leukocytes (CD45 positive) (% of parent populationa) 
1 day 4 days 7 days 14 days 28 days 
97.6 21.7 74.8 28.8 30.4 
95.7 47.9 83.5 29.0 29.1 
98.6 46.2 76.7 47.3 17.3 
98.9 42.3 82.8 23.1 46.7 
98.6 58.5 80.8 30.5 20.0 
83.7 57.5 82.5 29.9 46.7 
99.3 59.0 87.8 25.3 27.1 
90.2 61.7 - 21.7 - 
aParent population = All hits considered to be single cells 
 
 
Table 4. Endothelial cells (CD31 positive) (% of parent populationa) 
1 day 4 days 7 days 14 days 28 days 
4.0 10.8 0.2 2.8 1.4 
1.2 2.6 0.5 2.0 2.2 
1.5 4.0 1.3 5.8 1.5 
0,2 0.7 0.8 2.4 1.6 
1.1 12.7 3.4 1.5 1.7 
1.1 0.9 0.2 4.4 2.0 
0.7 0.4 2.6 2.6 1.6 
0.3 0.2 - 3.4 - 
aParent population = All hits considered to be single cells 
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Figure 3. Amount of cells expressing the different markers that were detected inside and directly around the 
implants at the different time points. Amount of cells are expressed as percentage of the parent population 

(all hits considered to be single cells). Data plotted using Prism 5.0 (GraphPad, Software Inc). 
 

Histological evaluation 
 
Hematoxylin and eosin staining (HE staining) was used to study the implants for cell 
ingrowth. HE staining is a very common histology staining method, that involves the 
application of hemalum (a complex of aluminum ions and oxidized haematoxylin), that stains 
cell nuclei and other acidic structures blue, followed by counterstaining with eosin which 
stains cytoplasmic and other basic structures in varying shades of red, pink and orange. 
 
A high concentration of cells could be seen surrounding the hydrogel implants already after 
1 day (Figure 4), and after 4 days cells had started to penetrate the hydrogel (Figure 5). At day 
7 (Figure 6), 14 (Figure 7) and 28 (Figure 8), cells could be seen to have penetrated even 
further into the hydrogel matrix. 
 
In most sections the actual hydrogel matrix cannot be seen. This might be due to the freezing 
making the matrix too brittle for sectioning.  
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Figure 4. 1 day implant 
HE stained cryosection of hydrogel explanted after one day. Blue areas at the border of the hydrogel are 

collections of cells surrounding the implant. The star marks the location of the implant. 
 
 

 
 

Figure 5. 4 days implant 
HE stained cryosection of hydrogel explanted after four days. Blue areas at the border of the hydrogel are 

collections of cells surrounding, and starting to infiltrate the implant. The star marks the location of the implant. 
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Figure 6. 7 days implant 

HE stained cryosection of hydrogel explanted after seven days. Blue areas at the border of and inside the 
hydrogel are collections of cells surrounding and infiltrating the implant. The star marks the location of the 

implant. 
 

 
 

Figure 7. 14 days implant 
HE stained cryosection of hydrogel explanted after 14 days. Infiltrating cells can be seen as blue dots. Remnants 

of the HA network can also be seen. The star marks the location of the implant.  
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Figure 8. 28 days implant 
HE stained cryosection of hydrogel explanted after 28 days. Infiltrating cells can be seen as blue dots. The star 

marks the location of the implant. 
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Discussion 
 
The biocompatibility of a novel hydrogel based on modified hyaluronic acid was evaluated in 
vivo by subcutaneous implantation studies in rats. The presence of immunological cell types 
was determined using FACS, and cellular infiltration was determined by histological 
evaluation. 
 
The results indicate that the new hydrogel displays good in vivo biocompatibility. At day one 
after hydrogel implantation an acute inflammatory response was detected in the proximity of 
the implants, in the form of high levels of leukocytes, especially granulocytes. But already at 
day four the levels of leukocytes had started to decrease, and after a slight increase at day 
seven, the levels of leukocytes then continued to decrease until the end point of the study at 
day 28. In no case were there any signs of necrosis, or other cutaneous reactions, such as 
persistent swelling. 
 
Implantation of e.g., hydrogels and the associated tissue injury triggers a cascade of 
inflammatory and wound healing responses, generally known as a foreign-body reaction, and 
characterized by leukocyte infiltration and formation of granulation tissue. This inflammatory 
response comprises an initial acute phase followed by a subsequent chronic phase. The acute 
phase lasts from hours to days and is marked by a neutrophilic reaction and fluid exudation. 
(Morais et al., 2010; Ramires et al., 2005; Spargo et al., 1994) The detected in vivo reponse at 
day one after implantation is thus a typical acute inflammatory response to the hydrogel 
implants and the associated tissue injury. This acute response had started to resolve at the 
following time points, indicating that the biological host response decreased with increasing 
implantation time. 
 
The histological evaluation verified that cell ingrowth into the implants occurred, and also 
that it occurred quite fast. After four days cells could already be seen inside the hydrogel area 
of the cryosection, and the depth of penetration and the amount of cells present inside the 
hydrogel area seemed to increase somewhat over time. As the ability to interact with the 
surrounding tissue and get infiltrated is one of the most important properties of a potential 
scaffold for tissue engineering/regeneration applications these results are quite promising. 
However, the evaluation of these results should be extended, to get a clearer picture of the cell 
ingrowth. The HE staining only shows presence, and approximate size and shape of cells 
present. Thus it would be interesting to use e.g., immunohistochemistry as it would be of 
value to know which specific cell types infiltrate the hydrogel. If there were different cell 
types present it would also be relevant to know at which time points different cell types 
appear in the hydrogel.  
 
Comparing the results from the histology with the results of the FACS analysis would 
indicate that the main part of the cells present inside and around the hydrogel are cells of the 
innate immune response. This seems reasonable, as the innate immune response occurs in a 
matter of hours and then decline over a matter of days, and our results also indicate that the 
amount of innate immune cells inside and around the hydrogel implants decreased over time. 
 
Combining these results would indicate that this hyaluronan-based hydrogel is a quite 
biocompatible material, as the presence of cells inside the hydrogel seem to increase over 
time, while the percentage of these cells that are innate immune cells seem to decrease. Also, 
the fact that cells infiltrate the implants rather than encapsulate them seems to be a clear 
indication of a biocompatible and bioactive scaffold by itself. Further evaluation of the results 
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will of course be needed to expand on these conclusions. It would e.g., be relevant to do 
further FACS analyses to evaluate the presence of cells of the adaptive immune response (i.e., 
B and T cells). As the adaptive immune response initiates later than the innate immune 
response, it would be interesting to compare these responses, for a more wholesome picture of 
the material’s biocompatibility. 
 
Comparing the results from this study with similar in vivo evaluations of biomaterials for 
tissue engineering/regeneration purposes (e.g., Draye et al., 1998; Hong et al., 2011; Ramires 
et al., 2005; Spargo et al., 1994) also lend some support to these conclusions, as this type of 
decreasing host response is a strong sign of good biocompatibility.  
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Materials and Methods 
 

Biological Material 
 
The study involved five individual experiments, with one animal for each experiment 
(Table 5). Animal procedures were approved by the Uppsala ethical committee (317/10). 
Male Sprague-Dawley rats, weighing 450-600 g, were obtained from Taconic Farms Inc, 
Denmark. The animals were kept by pairs in Macron 4 cages, at the animal facility at Uppsala 
Academic Hospital (Akademiska), with daily monitoring by the animal facility personnel. 
 
 
Table 5. Overview of animal study 
Experiment No.a Number of implants Volume/implant Number of daysb 
1 10 200 µL 1 
2 10 200 µL 4 
3 10 200 µL 7 
4 10 200 µL 14 
5 10 200 µL 28 
a1 experiment = 1 animal  bDay 0 = Day of implantation 
 
 

Preparation of Hydrogels 
 
For each animal 2.0 mL of hydrogel was required (10*200 µL hydrogels). Aldehyde-modified 
hyaluronic acid (HAA) and carbazate-modified hyaluronic acid (HAC) (provided by Ramiro 
Rojas, Department of Materials Chemistry, Uppsala University) were dissolved separately, in 
PBS (Dulbecco’s phosphate buffered saline, pH 7.4, Sigma), at room temperature, while 
shaking (≈200 rpm; 2-3 h), to a final concentration of 12 mg/mL. The components were 
sterilised by filtering through a 0.45 µm syringe filter (Acrodisc Syringe Filter, Pall Life 
Sciences). Hydrogel implants were prepared by transferring 100 µL HAC to a 2 mL low-
binding tube (siliconised polypropylene), and adding 100 µL HAA over 5 seconds while 
vortexing. Hydrogels were cured at 37° C over night, and then removed from the tubes by 
perforating the bottom of the tube with a needle, and pushing the hydrogel out by “injecting” 
air with a 2 mL syringe. Preformed sterile hydrogels were kept at 4° C, on a petri dish sealed 
with parafilm, and 10 µL PBS was added to the surface of each gel to keep them hydrated. All 
preparations were performed under aseptic conditions. 
 

Subcutaneous Implantation of Hydrogels 
 
Animals were anaesthetised with isofluran (Isoba® vet), beginning with 4 L/min oxygen and 
4 L/min isofluran in an induction chamber, and thereafter using a mask with continuous flow 
of 1.5 L/min oxygen, 1.5 L/min air and 3 L/min isofluran. Animals were kept on a 37° C 
heating pad during surgery. 
 
The animals were placed with the dorsal side up. The lower parts of the back and sides were 
shaved, and washed thrice with chlorhexidine (5 mg/mL). 10 implants were placed 
subcutaneously on the lower back, by making a 10-15 mm incision through the upper layers 
of the skin, and opening a small pocket between the layers of connective tissue where the 
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implant was placed. Incisions were sutured with PolysorbTM (Syneture/Covidien) (4-0; cutting 
needle). 
 
After implantation the animals were given analgesics in the form of 0.07 mL buprenorfin 
(0.3 mg/mL; Temgesic®, RB Pharmaceuticals), and given 1.0 mL saline, and 0.3 mL 
cefuroxim (Zinacef®, GlaxoSmithKline), all subcutaneously. The animals were allowed to 
move freely in Macron 4 cages directly after implantation. After 1, 4, 7, 14, and 28 days, 
respectively, the animals were sacrificed in a CO2 chamber and the implants were collected. 
 

Enzyme Digestion and Sample Preparation 
 
Collected implants were minced with a pair of scissors, and simultaneously digested with 
100 µL of 2 % hyaluronidase (hyaluronidase from bovine testes, Sigma) in PBS (Dulbecco’s 
phosphate buffered saline, pH 7.4, Sigma) and 100 µL of 0.5 % collagenase (crude 
collagenase from Clostridium histolyticum, Sigma) in HBSS buffer (Hank’s Balanced Salts, 
pH 7, Sigma) in 1.5 mL polypropylene tubes (Eppendorf), at 37° C for 90-120 min (protocol 
modified from Sall & Férard, 2007, and Peng et al., 2008). It is important to keep the enzyme 
digestion time as short as possible to keep the cells alive, as high amounts of dead cells and 
debris will interfere with the FACS analysis.  
 
Digested samples were kept on ice, and filtered through a 70 µm cell strainer (BD FalconTM) 
to separate the cells, and remove larger pieces of debris. Filters were washed with 2*1 mL 
PBS (Dulbecco’s phosphate buffered saline, pH 7.4, Sigma) to get as many cells as possible 
for further analysis. Filtered samples were spun (1500 rpm; 6 min; 4° C), the supernatant 
discarded, and the cell pellet resuspended in 500 µL MACS buffer (a standard FACS running 
buffer containing bovine serum albumin, a stabilising protein). 
 

Cell Staining and FACS Analysis 
 
Cell staining was performed in four tubes (5 mL polystyrene round-bottom tube, BD 
FalconTM) for each sample (Table 6). A cell suspension of 100 µL was added to each tube, 
and cells were incubated for 15 min on ice with 3 µL of each antibody solution/100 µL cell 
suspension. Between incubations unreacted antibodies were washed away with an excess of 
MACS buffer, tubes were spun (1500 rpm; 6 min; 4° C), the supernatants discarded, and the 
cell pellets resuspended in 100 µL MACS buffer. After the final incubation unreacted 
antibodies were washed away with an excess of MACS buffer, tubes spun (1500 rpm; 6 min; 
4° C), the supernatants discarded, and the cell pellets resuspended in 300 µL cold PBS 
(Dulbecco’s phosphate buffered saline, pH 7.4, Sigma). 
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Table 6. Overview of cell staining for FACS analysis 
Tube 1 
(MSC markers) 

Tube 2 
(angiogenesis 
marker; immuno 
markers) 

Tube 3 
(isotype control I) 

Tube 4 
(isotype control II) 

Anti-CD73a + anti-
mouse-APCa 

Anti-CD31-biotina + 
streptavidin-Per CP-
Cy5.5a 

Streptavidin-Per CP-
Cy5.5a 

Iso-mouse IgG1-APC 

Anti-CD90-FITCa Anti-CD45-APC-
Cy7b 

Anti-mouse-APCa Iso-mouse IgG2a-
FITC 

Anti-CD45-APC-
Cy7a 

Anti-Granulocyte-
FITCa 

Iso-mouse IgM-FITC Iso-mouse IgG1-PE 

 Anti-MØ-PEa   
aPurchased from BD.   bPurchased from Biolegend. 
 
FACS analysis was performed on BD FACS CantoTM II. All data was processed using the 
software BD FACSDivaTM. 
 

Statistical Analysis 
 
Seven to eight implants were used for each time-point, in order to get a firm statistical basis. 
The results were evaluated using the statistical software Prism 5.0 (GraphPad, Software Inc). 
 

Histology 
 
Implants saved for cryosectioning were frozen in polyvinylalcohol and carbowax 
(O. C. T.TM Compound, Tissue-Tek®, Sakura), at -70° C. 10 µm cross-sections were taken at 
the edges of the implant, halfway between the edge and the middle, and in the middle of the 
implant, in a cryostat (Cryo-Star HM560 Cryostat, Microm International). Sections were 
fixed on pre-cleaned microscope slides (Superfrost® Plus, Thermo Scientific) with acetone, 
and stained with hematoxylin and eosin, according to standard protocol. 
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Appendix 
 

 
Figure 11. Representative histogram from FACS analysis of markers specific for immune cells, and 

epithelial cells. 
The analysed sample was a hydrogel explanted after 4 days. 
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