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Abstract  

Skeletal development begins when mesenchymal stem cells migrate, condensate and 

differentiate into chondrocytes. The chondrocytes differentiate in one of two ways. Either the 

cells form the cartilaginous template for endochondral ossification or they form the articular 

cartilage which express proteoglycan 4. The underlying mechanisms for articular cartilage 

formation are poorly understood. The purpose of this study was to assess the effect of 

different fractions of synoviocyte-conditioned medium on chondrocyte differentiation. We 

show evidence that Synovial-like fluid contains a protein which promotes chondrocytes to 

express proteoglycan 4, thus promoting articular cartilage formation. The synovial-like fluid 

was fractionized by size exclusion chromatography and reversed phase chromatography and 

thus, with that method, this manuscript lays the foundations for further research to identify the 

putative factor. Because of this study, we are now closer in identifying the proteins that 

promote articular cartilage formation. 
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Abbreviations 

Articular cartilage – AC 

Diethyl pyrocarbonate-H2O - DEPC-H2O 

deoxyribonucleotide triphosphate - dNTP 

Dulbecco's phosphate-buffered saline – DPBS 

Dithiothreitol - DTT 

Fetal Bovine Serum - FBS  

lithium chloride solution – LiCl 

relative molecular mass - Mr 

Molecular weight cut-off - MWCO 

Osteoarthritis - OA  

Phosphate Buffered Saline - PBS 

Proteoglycan 4 - PRG4 

Reversed phase chromatography - RPC   

Size exclusion chromatography – SEC 

Standard error of the mean - SEM 

Superficial zone protein – SZP 

Trifluoroacetic acid - TFA 

Tris(hydroxymethyl)aminomethane hydrochloride - Tris-HCl 

Type-X collagen – COLX 

Quantitative Real-time PCR - qPCR 
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Introduction  

Skeletal development in the embryo begins when mesenchymal stem cells migrate, 

condensate and differentiate into chondrocytes. During endochondral bone formation, the 

chondrocytes form a cartilaginous template that subsequently is remodelled into bone tissue 

[1,2]. Hence, chondrocyte differentiation is a key process in the regulation of skeletal 

formation and growth. Starting at the centre of the template, nearly everything will eventually 

be remodelled into bone tissue via hypertrophic differentiation and endochondral ossification. 

A second ossification centre will form, and a growth plate remains until the person is fully 

grown. At the ends of the long bones, however, chondrocytes will not undergo hypertrophic 

differentiation, but will form the articular cartilage (AC) instead [3]. The underlying 

mechanisms for articular cartilage formation are poorly understood.      

 

The growth plate consists of three zones, the hypertrophic zone, the proliferating zone and the 

resting zone [4]. The resting zones, containing unevenly distributed chondrocytes, has a stem 

cell-like ability as well as the ability to inhibit the adjacent cells in the proliferating zone to 

undergo hypertrophy [5]. In the proliferating zone, the chondrocytes divide at a high rate. The 

hypertrophic zone is where the chondrocytes mineralize the extracellular matrix, producing 

vascular endothelial growth factor, leading to blood-vessel formation, and promoting the 

formation of bone. The hypertrophic chondrocytes then undergo apoptosis as a last step [6]. 

Chondrocytes in the hypertrophic zone express type-X collagen (COLX) [7] which 

consequently can be used as a marker for hypertrophic chondrocytes [8,9]. COLX is not 

expressed in the upper nor middle zones of healthy articular cartilage in adults [9].  

 

Another pathway of chondrogenesis is the differentiation of chondrocytes to form articular 

cartilage. The articular cartilage consist of three zones; the deep, the middle and the 

superficial zone [10,11]. The superficial zone of the articular cartilage consists of flattened 

cells [12] which express Proteoglycan 4 (PRG4), also termed Lubricin or superficial zone 

protein (SZP). PRG4 is not expressed by cells in any of the other zones nor in hypertrophic 

chondrocytes. PRG4 is, therefore, a useful marker for superficial chondrocytes [13–15]. The 

ability to go through terminal differentiation, as the hypertrophic chondrocytes do in the 

growth plate, is retained in articular chondrocytes, although this capability is normally 

suppressed [16,17].  
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Osteoarthritis (OA) is a degenerative joint disease that results from the destruction of articular 

cartilage and it affects nearly 10 percent of the elder population [18]. The exact pathogenic 

mechanisms are not fully understood, but it has been suggested that they may include 

dedifferentiation of articular chondrocytes to a chondroblastic state, followed by hypertrophic 

differentiation [19]. Furthermore, studies of osteoarthritic cartilage show both aberrant 

expression of type-X collagen and clusters of proliferating chondrocytes [9].  

 

It is interesting that almost all the cartilaginous templates during the embryonic period 

eventually undergo hypertrophic differentiation and remodel into bone, except for the thin 

layer of cartilage in contact with the synovial fluid, that becomes the articular cartilage. 

Articular cartilage is an avascular tissue and is in close contact with the synovial fluid of the 

joint [20] and it is not yet completely known how the articular cartilage and its zones are 

formed [17]. It is not a big leap, therefore, to hypothesize that one or several proteins in the 

synovial fluid is the reason that the articular cartilage develops, maintains its extracellular 

matrix and with that uphold the articular cartilage function, even though the cells lack a high 

metabolic activity [21]. This hypothesis can also find support in studies showing that 

chondrocytes cultured in non-synovial medium become hypertrophic and start expressing 

type-X collagen [22]. Research is needed to obtain more evidence before this hypothesis is 

confirmed or disproved.  

 

Aim 

As a first step towards identifying factors in the synovium which promotes articular cartilage 

formation, we aimed to fractionate synoviocyte-conditioned media and identify the fractions 

that inhibit hypertrophic differentiation and promote articular cartilage differentiation of 

chondrocytes pellet cultures. 

 

Materials and methods 

Overview.  

Synovial fluid, that according to our hypothesis contains the proteins we want to identify, was 

retrieved from a rabbit synovial-cell line. In this thesis I describe the purification processes of 

the synovial fluid by means of chromatography as steps towards finding the proteins we 

search for. To obtain a metric of the expression of the proteins Proteoglycan 4 and type-X 

collagen we measured the concentration of mRNA in the cytosol of specifically prepared 
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Figure 1. Flowchart over the material and methods. See corresponding subheading for more detailed 

information on the different steps.  

Conditioned medium collected from a HIG-82 cell line was fractionated by size exclusion 

chromatography for test number 1. The fractions obtained were added on chondrocyte pellets extracted 

from cartilage dissected from three to five-day old rats. The pellets were later collected for RNA 

extraction. Analysis of the relative mRNA expression of PRG4 and COLX was performed. Fractions 

where then chosen for test number two. In test number two the chosen size exclusion chromatography 

fractions was further fractionated by reversed phase chromatography.  

 

chondrocytes. Figure 1 shows a schematic overview of the different steps of the two sets of 

experiments performed, which are described in detail in coming sections. 

   

  

 

 

 

 

Chondrogenic and Synoviocyte Medium 

Chondrogenic medium was made with Dulbecco's Modified Eagle Medium: Nutrient Mixture 

F-12 (DMEM/F12) together with GlutaMax, sodium pyruvate and L-glutamine supplemented 

with 10% heat inactivated Fetal Bovine Serum (FBS), 50 μg/ml L-Ascorbic Acid, 1% (v/v) 

Penicillin/Streptomycin and 50 ng/ml Fungizone.  

 

The medium to culture the synoviocytes was made similarly to the chondrogenic medium. 

The difference being the use of Nutrient Mixture F-10 instead of DMEM/F12 and not adding 

L-Ascorbic Acid.  

 

Conditioned medium  

To produce the synoviocyte-conditioned medium, rabbit synovial-cell line, HIG-82, were 

cultured with synovial medium F10. <50kDa FBS Medium. This means that the albumin was 

eliminated from the medium. There are no known contraindications to using a rabbit cell line 

with other animal cells, such as rats. The conditioned medium was collected every other day. 

The collected medium was centrifuged multiple times and the supernatant (conditioned 

medium) was then frozen down.  
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Animal care and handling 

Sprague Dawley rats, kept under Karolinska Institutets’ standard conditions, were used in this 

study. They received standard rodent chow and water. After sacrifice, the epiphyseal cartilage 

was dissected from the distal femoral and proximal tibias of three to five-day old rats, thus 

before the development of a secondary centre of ossification. 

 

Chondrocyte isolation  

Epiphyseal cartilage was dissected from the distal femurs and proximal tibias from all the rats 

and the cartilage pieces were washed together with Phosphate Buffered Saline (PBS), 1% 

Pen/Strep, 50 ng/ml Fungizone and incubated for 30 minutes at 37oC in 0.125% trypsin mixed 

with PBS. It was then washed again before incubated in 37oC in collagenase (type IA, 3 

mg/ml) for 30 minutes. The supernatant, now containing the chondrocytes, was centrifuged at 

300 g at 4oC for 5 minutes. The chondrocytes gathered at the bottom and got resuspended in 

Chondrogenic Medium and incubated in a 37oC cell-culture incubator. The remaining 

cartilage pieces went through the collagenase process until all the cartilage pieces were 

digested. After incubation the cell suspension was filtered through a cell strainer (70 µm) and 

then centrifuged at 300 g. Chondrocytes were washed in PBS, 1% Pen/Strep, 50 ng/ml 

Fungizone and then resuspended in Chondrogenic Medium. The cells were then counted and 

frozen with 1-2 x 106 cells per vial. The different cells in each vial are a combination of all the 

cartilage dissected. That is, it is a mixture of chondrocytes from different rats. Which ensures 

that all future pellets are homogenous.  

 

Chondrocyte pellet cultures 

Frozen chondrocytes were proliferated and expanded for seven days, trypsinized, and seeded 

(200000 cells/pellet, centrifuged at 300 g for 5 min). Chondrogenic medium was refreshed 

every other day. On day seven, the chondrogenic medium was exchanged to different 

fractions of conditioned medium, refreshed as described above until day 14 when the pellets 

were collected for RNA extraction.    

 

RNA extraction  

The pellets were homogenized separately in 100 µl solution C and 300 µl of buffered 

Proteinase K solution containing Diethyl pyrocarbonate-H2O (DEPC-H2O), 

Tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl) pH 7.0 and Proteinase K in 
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glycerol was added. Every 5 minutes the tubes were vortexed. After 20 minutes, 300 µl of 

Phenol:Chloroform:Isoamylalcohol (25:24:1) was added. The tubes were centrifuged for 30 

minutes at 14000 g and 4oC. Approximately 400 µl of the aqueous layer was put into a new 

microcentrifuge tube and 40 µl of 3 M NaOAc and 440 µl of 100% isopropanol was added. 

The tubes were then incubated on dry ice and in -20oC for at least 1 hour, centrifuged again 

for 30 minutes at 14000 g and 4oC and then the supernatant was removed. The pellets were 

washed with 400 µl of ice-cold 75% ethanol and then centrifuged for 30 minutes at 14000 g 

and 4oC before the supernatant was removed again. The pellets dried for 15 minutes in room 

temperature before being dissolved in 20 µl DEPC-H2O. 20 µl 8M lithium chloride solution 

(LiCl) was added. The dissolved pellets where then incubated at -20oC, centrifuged for 30 

minutes at 14000 g and 4oC and afterwards we removed the supernatant. The pellets were 

then washed in 75% ethanol, centrifuged and the supernatant removed. The pellets were then 

dried a second time before being dissolved in 15 µl DEPC-H2O and stored at -80oC.  

 

cDNA for real-time PCR (qPCR) 

50 ng of RNA were used to prepare cDNA. The solution was supplemented with 1 µl primers 

(TaqMan or SYBR) (100 ng/µl) and 1 µl of 10 mM deoxyribonucleotide triphosphate (dNTP) 

mix. The samples were placed on a heatblock at 65oC for 5 minutes before placed on ice. 4 µl 

of 5x first-strand buffer, 2 µl 0.1 M Dithiothreitol (DTT) and 1µl of 40 U/µL RNAse Out was 

added in addition to 1 µl of 200 U/µl Superscript IV Reverse Transcriptase. The samples were 

mixed and then run through a pre-set program which was set on 25oC for 10 minutes, 50oC for 

60 minutes, 70oC for 15 minutes and on 4oC.  

 

Quantitative Real-time PCR (qPCR) 

The levels of COLX and PRG4 mRNA were quantified using real-time PCR using an ABI 

Prism 7900 Fast Sequence Detector (Thermo Fisher Scientific). Normalizing of the PRG4 and 

type-X collagen data were done to an internal calibrator gene, 18S rRNA, assumed to be 

expressed at similar levels in all chondrocytes. The relative levels of mRNA expression were 

calculated as described by Nilsson et al. previously [23].   

 

Size exclusion chromatography for the conditioned medium 

To examine the conditioned medium, it was divided into fractions through various steps. The 

first purification process was with size exclusion chromatography (SEC) using column 
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superdex 200 10/300GL. The HIG-82 conditioned medium was filtered with a 100kDa 

Molecular weight cut-off (MWCO) Corning Spin-X UF spin filter before transferred to a 

50kDa MWCO Corning Spin-X UF spin filter to be concentrated to 1 ml. This means that the 

proteins in the conditioned media weigh between 50kDa and 100kDa before fractionized. The 

sample was then diluted with Dulbecco's phosphate-buffered saline (DPBS) to 10 ml before 

condensed again to 1 ml and then to 300 µl. The samples were filtered with a 0.2 µl syringe 

filter linked to a purification system provided by GE Healthcare. DPBS was the running 

buffer with a flow rate of 0.5 ml/min. Using an isocratic elution of 1.5 column volumes, the 

samples were collected in 1 ml fractions. These fractions were used to determine what 

fractions would be fruitful to purify further by adding it to the pellet cultures. This to 

investigate what fraction induces articular cartilage differentiation (high PRG4 and low 

COLX) and inhibits hypertrophic differentiation (high COLX, low PRG4). 

 

Reversed Phase Chromatography 

The fractions that most efficiently inhibited hypertrophic differentiation and stimulated 

articular cartilage differentiation as assessed by expression of Prg4 and type-X collagen was 

purified further using reversed phase chromatography (RPC). The fractions were diluted 1:10 

into RPC buffer A containing 0.065% Trifluoroacetic acid (TFA) and 2% Acetonitrile. The 

sample was loaded on a 1 ml RPC 15 column (GE healthcare) with the running buffer of RPC 

buffer A and eluded it using a 20-column volume gradient from 0-100% RPC buffer B 

containing 0.050% TFA and 80% Acetonitrile. Chromatography was done using a purification 

system provided by GE Healthcare. The samples were then divided into 1 ml fractions.  

 

Statistical analysis 

We employed analysis of variance (one-way ANOVA), using GraphPad Prism 6, to 

investigate whether the mean values of the relative expression of mRNA relating to 

proteoglycan 4 or type-X collagen differed. All values were logarithmized before the analysis 

to better comply with the mathematical assumptions of the ANOVA. When a P-value below 

0.05 was obtained in the ANOVA we continued with pairwise comparisons using Fisher’s 

least significant difference test, setting the level of statistical significance to 0.05. Unpaired t-

test was used for comparing the means for negative and positive controls.  
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Figure 2. Fractionizing done by size exclusion chromatography. The components closer to the Y axis 

have a larger relative molecular mass (Mr). The mAU number indicates the quantity of components with 

the correlating size. 14 ml correlates with approximately Mr 67 000 and 15 ml is slightly bigger than Mr 

35000 as compared to a performance control by the manufacturer. However, the components with the 

same Mr could end up in different fractions depending on its shape.  

Results 

Synoviocyte-conditioned medium fractionated by SEC is shown in figure 2. Only fraction 4-

20 were used in the experiments as there were low concentrations of protein outside these 

fractions. Fraction 11 contains the largest amount of protein as determined by UV absorption 

(Fig. 2). There was a lower concentration of protein in fraction 4 to 7 as well as 14 to 16 and 

17 to 20; each set of fractions were therefore pooled before being tested on the pellet-culture 

differentiation assay.  

 

 

 

 

As we can see in figure 3A, there was a higher effect on the chondrocytes in the positive 

control than the negative control regarding PRG4 expression. The SEC control show that 

there is a statistically significantly (P = 0.0110) difference in relative mRNA PRG4 

expression when chondrocytes were exposed to the conditioned medium as compared to the 

chondrogenic medium.    



 
11 

 

 

In figure 3B we show the effect the fractions had on the chondrocyte pellets regarding PRG4 

expression. According to ANOVA, the mean values differed between the samples (P<0.001). 

Moreover, we obtained P-values below 0.05 when we compared fraction 11 to fractions 4-7, 

8, 9, 12, 13, 14-16 and 17-20, respectively. In comparing fraction 10 to fractions 4-7, 8, 12, 

13, 14-16 and 17-20, respectively, we also obtained P-values below 0.05.  

Figure 3: Size exclusion chromatography test plotted with mean and standard error of the mean (SEM). Each 

point in the graph represents the mean of two pellets treated with medium from the same pipette. 

 

A: Control for PRG4. Positive control using conditioned medium. Negative control using chondrogenic medium. 

Data collected from three pairs of chondrocyte pellets per control.   

B: Real-time quantitative PCR expression data of PRG4 expression in three pairs of chondrocyte pellets per 

fraction.  

 

A 
B 

Figure 4: Fractionizing done with SEC fraction 11 by reversed phase chromatography. The 

components closer to the Y axis have a lowest hydrophobicity. The mAU number indicates the 

quantity of components with the correlating hydrophobicity. The fractions 12, 13, 14 and 15 were 

used in the study. Cond stands for the buffer A and Conc B for the buffer B. The grey numbers show 

the cut off for the fractions. 
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Size exclusion chromatography fraction 9-12 were fractioned further by reversed phase 

chromatography. Results from RPC done with SEC fraction 11 is shown in figure 4. Fraction 

12 and 13 contained the largest amount of protein as determined by UV absorption. Of SEC 

fractions 10 to 12, RPC fraction 12 to 15 contained enough proteins to be selected for testing 

on the chondrocyte pellets. Whereas in SEC fraction 9, RPC fraction 13 to 15 contained 

enough proteins to be selected for testing on the chondrocyte pellets. 

 

The positive and negative controls for the RPC testing are shown in figure 5. It shows that the 

conditioned medium promotes PRG4 expression in the chondrocytes and inhibits type-X 

collagen expression. This is statistically significant with a P-value of 0.05 in fig5A as well as 

0.0012 in fig5B.  

 

 

The relative expression of PRG4 and type-X collagen mRNA from chondrocytes exposure by 

RPC fractions is shown in figure 6. P-values were above 0.05 when we compared the mean 

values for the fractions depicted in figure 6 A, B, C, D, E, F and G. Chondrocytes exposed to 

RPC fraction 13 visually had a slightly higher expression in all but one SEC fraction. 

Concerning the fractions shown in figure 6H, ANOVA yielded a P-value of <0.0122 and 

Fisher’s least significant difference gave P-values below 0.05 when fraction 12 was compared 

to each of the other three fractions.  

 

 

Figure 5. Reversed phase chromatography plotted with mean and standard error of mean (SEM). Positive control using 

conditioned medium. Negative control using chondrogenic medium. Real-time quantitative PCR expression data of 

PRG4 or COLX expression in three pairs of chondrocyte pellets per control.  Each point in the graph represents the 

mean of two pellets treated with medium from the same pipette.  

A B
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Figure 6. Reversed phase chromatography of different SEC fractions plotted with mean and standard error of mean 

(SEM). Real-time quantitative PCR expression data of PRG4 or COLX expression in three pairs of chondrocyte pellets 

per fraction. Each point in the graph represents the mean of two pellets treated with medium from the same pipette. 

A B
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Discussion and Conclusion 

We have fractionized synoviocyte-conditioned medium through size exclusion 

chromatography, which separates the proteins according to relative molecular mass and form. 

We found that SEC fractions 10 and 11 promotes the highest PRG4 expression in chondrocyte 

pellets. We then took those fractions, as well as fraction 9 and 12, and further fractionated 

them by reversed phase chromatography which separated the proteins by its hydrophobic 

affinity. Data suggests the proteins in RPC fraction 13 stimulate chondrocytes to express 

PRG4 better than proteins in the other fractions. For further fractionizing we choose to move 

forward with fraction 10 of SEC and 13 of RPC (SEC10:RPC13) as well as fraction 11 of 

SEC and 13 of RPC (SEC11:RPC13). 

 

Multiple reviews have stated that progenitor chondrocytes can differentiate into articular 

cartilage. However, the mechanisms of this differentiation is still under investigation [3,19]. 

To this date, we have not found any similar studies on PubMed and it is, therefore, not 

possible to underpin our results with findings from other research-groups.  

 

The surface of articular cartilage expresses PRG4 and it is not expressed in other chondrocyte 

cells [24]. By exposing chondrocytes to a synovial-like conditioned medium we show that this 

exposure promotes PRG4 expression in chondrocytes. We can thus draw conclusions that one 

or several proteins in the synovium play a role in articular cartilage differentiation.   

 

We are not aware of the exact size or weight nor the exact hydrophobicity of the proteins in 

the fractions retrieved in these experiments. However, since our goal is to separate the 

conditioned medium into fractions, reducing the number of proteins in each fraction this is not 

a devastating problem in terms of the overall objective. In this thesis, we searched for the best 

fraction rather than the proteins. We did that by separating the proteins by size and 

hydrophobicity, but it is not important how hydrophobic or what size the proteins tested are. 

At best, proteins end up in the same fraction each time we fractionate, but this might not 

always happen in real life. In future work, the SEC fractions may be saved for further 

fractionation to optimize the overall efficiency of the research process. Saving fractions 

requires a lot of conditioned media and will be used when all fractionation methods have been 

tested.  
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In this thesis, the SEC fractions going through RPC have not been tested on chondrocytes. It 

is therefore not possible to say that SEC fraction 11 used in the SEC experiment is identical 

with the SEC fraction 11 used for the RPC experiment. However, this is a reproducible 

method and we will use it to rule out fractions that do not promote the chondrocyte pellets to 

express PRG4. Such an approach may make the future experiments more specific and 

manageable. To make sure that the proteins we are looking for did not end up in different 

fractions we also took the precaution of testing the adjacent SEC fractions of 9 and 12, even 

though they did not promote PRG4 expression in the chondrocyte pellets as much as SEC 

fraction 10 and 11.   

 

There was not a lot of statistically significant results when analyzing the RPC fractions. This 

could be because only three values are recorded from each fraction. Or that there are more 

than one protein promoting PRG4 expression. To obtain more data would be more time-

consuming and would require a larger number of chondrocytes. To obtain more chondrocytes 

would either be time-consuming or would require more rats. It is, therefore, more ethical to 

use a smaller sample of cells during this step of the research process. Some fractions do not 

promote PRG4 expression in the pellets, they can, therefore, be excluded in future 

experiments which then require less cells. 

 

We also analyzed Type-X collagen as a marker of hypertrophic differentiation [7]. Due to the 

use of a different COLX primer during the SEC test, the RNA-levels where too low for 

analysis. We, therefore. do not have a viable COLX result from the SEC fractions. We 

consequently only used the PRG4 result in determining what fraction we would use for RPC. 

When analyzing the RPC fractions effect on the chondrocyte pellets, the COLX expression 

was as we expected in the positive and negative control. This means low in the chondrocytes 

exposed to the conditioned medium and high in the chondrocytes exposed to chondrogenic 

medium. This shows that one or several factors in the conditioned medium is inhibiting the 

hypertrophic differentiation. The COLX expression in the chondrocyte pellets promoted by 

the different RPC fractions were generally low, apart from RPC fraction 12 of all except the 

ninth SEC fractions. This means that we will not purify those fractions further, but all other 

fractions have potential of containing the putative protein, if we only take COLX expression 

into account 

.  
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What this study shows us is that one or several proteins in the synovial fluid is affecting the 

chondrocytes to express PRG4. This description involves an unknown number of proteins and 

we want to narrow that number down further before sending the fractions to mass 

spectrometry analysis.  

 

This thesis describes steps to identify protein(s) that promote(s) articular cartilage formation. 

If such protein(s) is found, there are possibilities to use that knowledge in the treatment of 

patients with osteoarthritis. The articular cartilage of osteoarthritic patients show an 

expression of type X collagen [9]. However, osteoarthritic chondrocytes can also proliferate 

and redifferentiate [25], possible implying that if exposed to the protein again, the damage 

could be reversed. To reach this potential treatment however, there are a lot more 

experimenting to be done. Firstly, the protein needs to be discovered and in the near future the 

research-group are going to take SEC10:RPC13 and SEC11:RPC13 and put them through a 

lectin column for further fractionation.  

 

In conclusion, this study show evidence that one or several proteins secreted by synoviocytes 

inhibit hypertrophic differentiation (COLX expression) and promote chondrocytes to express 

PRG4 in their mRNA, a marker for the superficial layer of articular cartilage. We also show 

that the combination of SEC and RPC is a useful method to purify the putative synovial factor 

that promote articular cartilage formation. Because of this study, we are now closer in finding 

what proteins promotes articular cartilage formation.   
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Appendix  

Cover letter  

    Örebro, Sweden, January 8, 2019 

Dear Editor  

We wish to submit our manuscript entitled “Towards Identifying Proteins in the Synovium 

Promoting Articular-cartilage Differentiation” for your consideration to be published in 

“The Journal of Bone and Mineral Research”.  This thesis describes some steps in an effort to 

identify protein(s) that promote(s) articular cartilage formation. If such protein(s) is found, 

there are possibilities to use that knowledge in the treatment of patients with osteoarthritis 

We guarantee that our work is original, has not been not published elsewhere nor is it under 

consideration for publication in any other papers and that all authors have approved the final 

version of this manuscript 

In this manuscript we show that there are factors in the synovial fluid that promotes the 

chondrocytes to express PRG4, an articular cartilage marker. We have presented a method 

that will be used to discover what protein promotes articular cartilage formation. This new 

information will lead ground to further researchers. We believe that this information will be 

useful for many research groups in this field and will benefit the future patients if published.  

 

We hope that you will consider publishing our manuscript in your journal.  

 

Yours sincerely,  

 

Martina Steineck  

Örebro University 

Örebro Sweden  
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Populärvetenskaplig sammanfattning  

 

Denna upptäckt kan leda till ny artrosbehandling 

Artros är orsaken till att många äldre får starka smärtor i vissa leder såsom knäleden och det 

beror på att ledbrosket har förstörts. Detta leder till en lokal inflammation som bidrar till 

smärta. Smärtan hos patienter med artros förvärras ofta vid aktivitet, dock är fysisk aktivitet 

en av dagens behandlingsmetoder. I dag vet vi inte hur ledbrosket utvecklas under 

fosterstadiet, men forskare tror att om vi kan få den kunskapen skulle en revolutionerande ny 

behandlingsmetod komma till vården. Därför har Karolinska institutet och Örebro universitet i 

en ny studie undersökt broskcellers förmåga att bli till ledbrosk. Vi har med hjälp av denna 

forskning upptäckt att ämnen i ledvätskan, som är den vätska som annars ger näring till 

ledbrosket, är det som gör att det bildas ledbrosk i fosterstadiet. Med vår nya kunskap kan vi i 

framtiden identifiera ämnena som bidrar till bildningen av ledbrosk och använda det för att 

förebygga eller behandla artros. Detta kommer att minska lidandet hos framtidens patienter, 

och förbättra livskvaliteten för många personer framöver. Vi kommer nu att fortsätta denna 

forskning i hopp om att identifiera dessa ämnen och därmed kunna hjälpa patienter med 

ledbrosk-sjukdomar i framtiden.     
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Etisk reflektion 

Studien involverar användandet av broskceller som extraherats från 4 dagar gamla Sprague 

Dawley råttor. Användandet av djuren har godkänts av Stockholms djurförsöksetiska nämnd, 

Jordbruksverket 2016-02-25 och gäller fram till 2021-02-25. Forskningsgruppen har vuxna 

avelspar i burar som tas hand om av Karolinska Universitetssjukhus. Vi informerades av 

djurskötaren på Karolinska Universitetssjukhus när hon-råttan ska föda. När rått-ungarna är 

fyra dagar gamla avlivas de genom dekapitering. Forskarna dissekerar sedan fram 

broskcellerna.  

Nyttan av studien behöver vara starkare än de lidande djuren utsätts för. Denna studie har 

bidragit till kunskap om broskcellers utveckling och kan eventuellt bidra till förbättrade 

metoder för att behandla artros, som är en vanlig ledbrosksjukdom hos äldre, och därmed 

potentiellt öka livskvaliteten hos de patienterna samt minska kostnaderna för samhället.  

Antalet råttor som behövts har optimerats och de som används förvaras enligt djuravdelningen 

på Karolinska Universitetssjukhus rutiner i burar. Råttorna har tillgång till mat och vatten och 

har 12 timmars mörker per dygn. De förvaras aldrig ensamma för att de ska må så bra som 

möjligt och de utsätts för så lite stress som möjligt. Den stress som råtthonorna utsätts för är 

när hennes rått-barn tas ifrån henne. Detta är ett steg som behöver göras men görs på ett så 

stressfritt sätt som möjligt.  


