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ABSTRACT

Osteoarthritis is a degenerative disease of the whole joint that affects an estimated 20.7
million Americans. Traumatic joint injury causes an increase in risk for the development
of osteoarthritis. A previously developed model system involving co-culture of injured
cartilage with joint capsule tissue or joint capsule conditioned medium was used to
simulate the interaction of injured cartilage with other joint tissues. Experiments were
carried out to characterize this model in greater detail and to quantify the release of GAG
and changes in chondrocyte biosynthesis that occur as a result of co-culture. Model
system parameters that were varied included the type of culture medium used, the
duration of culture, and the size of the joint capsule tissue that was used. Experiments
were also done to more carefully characterize properties of the joint capsule tissue such
as GAG content, DNA content and variations in these properties with location. Attempts
were also made to identify an unknown factor released by the joint capsule tissue that
was potentially responsible for the observed decrease in chondrocyte biosynthesis as a
result of co-culture. While this factor was not identified, convincing evidence suggested
that it was not IL-1 or TNF-a. Systematic evaluation of this model system led to the
conclusion that measurement of loss of total sGAG, alone, was not a definitive outcome
measure, since it was difficult to distinguish the sGAG lost from cartilage from sGAG
that was lost by the joint capsule tissue. The results suggested that more specific
outcome measures such as gene expression of the cartilage or capsule and western
analysis and biochemical analysis of matrix fragments lost to the medium would provide
a more definitive interpretation of the interaction between joint capsule tissue and injured
cartilage.

Thesis Supervisor: Alan Grodzinsky

Title: Professor of Mechanical Engineering
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Chapter 1: Background and Purpose

1.1 Background

It is estimated that osteoarthritis affects 20.7 million people in the United States with

women and adults over 45 making up the majority of those affected. 19 Osteoarthritis is a

degenerative joint disease whose hallmark is the loss of the joint's articular cartilage. In a

healthy joint the ends of the bones are covered by cartilage. The whole joint is

encapsulated by joint capsule tissue that is lined with the synovial membrane, which

produces s ynovial fluid t hat h elps a ct a s a lubricant in t he j oint.10  T he j oint c apsule

tissue itself is a dense fibrous connective tissue which is made up of parallel bundles of

collagen and is populated with fibrocytes. The direction and arrangement of the collagen

fibers depends on the loads that are applied to the tissue. Joint capsule tissue thickness

can vary greatly depending on its location within a joint. Ligaments are considered local

thickenings of the joint capsule tissue and so structurally they are the same. Joint capsule

tissue is known to contain the small leucine rich proteoglycans decorin and

fibromodulin.13 ,2 4

Figure 1 shows a sketch of a healthy joint.
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Musclos Joint caps ule

.,o lyovial

Bhi one

Caridage ,otie
Synlovial fluid

Figure 1: A healthy joint4

In a joint suffering from osteoarthritis, the cartilage no longer forms a smooth covering

on the bone. Over time the cartilage becomes degraded and the bones can rub together.

Osteophytes, small bone spurs, can also form on the bone and pieces of these can break

off. This can cause joint pain and limited movement in those suffering from the

disease. 10 Figure 2 shows a depiction of a joint suffering from osteoarthritis.

M uscls Botie spurs Sy dviaj mmbran

Wofm-awdy Cartia Crtiyage Syloviial fluld

in fl fUi

Figure 2: A joint suffering from osteoarthritis.'4
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Studies have shown that acute traumatic joint injury can cause an increase in risk for the

development of osteoarthritis.3 ,9 Because the pathways involved in this process are

poorly understood, there has been an effort to study the process through in vitro models

for acute traumatic joint injury.

Current in vitro models studying the effects of injury focus primarily on articular

cartilage. These studies have shown that an acute injury to the joint can cause cartilage

matrix damage'1 4 2 5 and chondrocyte cell death by apoptosis 2 ,1 6 They have also shown that

chondrocyte biosynthesis may be decreased11' 29 and MMP-3 expression may increase2.

While these in vitro models have been helpful in understanding how the cartilage alone

responds to traumatic injury, they may be limited in that they don't take into account the

response of other joint tissues to injury or the interaction of injured cartilage with those

other joint tissues.

It is generally believed that osteoarthritis is a disease of the whole joint and not of just the

cartilage.20 In an effort to create a more complete in vitro model, recent studies in our lab

have focused on co-culture of joint capsule tissue with injured cartilage. The joint

capsule tissue is found within the joint and contains the synovial membrane (Figure 1),

which is responsible for the release of inflammatory agents in rheumatoid arthritis. Joint

capsule tissue is removed during dissection of the joint and is punched to form disks that

are either co-cultured with cartilage disks or used to condition medium by incubating a

disk in a certain amount of medium for a given length of time. The studies done using
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this co-culture system have shown a marked decrease in the biosynthetic activity of

cartilage co-cultured with joint capsule tissue versus cartilage cultured alone and a

synergistic increase in GAG loss from the cartilage after injury.22

1.2 Goal of experiments

The goal of this thesis is to follow up on these preliminary experiments done with the

joint capsule tissue co-culture model by trying to identify the factor responsible for the

decrease in biosynthesis or at least narrow down the list of possible suspects. The other

goal of this thesis is to further characterize the joint capsule tissue co-culture model and

conditioned medium model to better understand the parameters that regulate cartilage

degradation. By doing this, it is hoped that consistent, reliable results will be able to be

obtained from these model systems.
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Chapter 2: Search for the Unknown Factor

2.1 Objective

As s tated p reviously i n the first chapter, w hen j oint c apsule t issue i s c o-cultured with

cartilage or cartilage is cultured in joint capsule tissue conditioned medium there is a

large decrease in chondrocyte biosynthesis levels. When injured cartilage is co-cultured

with joint capsule tissue there also appears to be an increase in proteoglycan loss. The

goal of the following experiments was to try and identify the factor responsible for the

decrease in biosynthesis and the increase in proteoglycan loss. The initial studies

performed with the co-culture system suggested that the unknown factor might be IL- 1

because of the decrease in biosynthesis and the increased GAG loss seen in the system7.

Dingle et al had also shown that IL- 1 was released from minced porcine synovial cells

and caused matrix degradation in cartilage 4. It is also known that IL- 1 is involved in

rheumatoid arthritis1 8 . Since the synovium is still attached to at least some of the joint

capsule tissue samples, 11-1 appeared to be the most likely suspect. TNF-a was also a

suspect because it is known to play a role in rheumatoid arthritis 18 and in previous

experiments it had been shown to cause a decrease in chondrocyte biosynthesis levels as

well as an increase in GAG loss with injury21 .

2.2 Eliminating IL-la and TNF a

Because the previous experiments done by Patwari et al.21,23 to show that IL-I a and

TNF- a were not responsible had been done using recombinant human cytokines and

blockers in a bovine system, it was necessary to show that the recombinant blockers

13



would work against bovine cytokines in order to definitively show that those cytokines

were not responsible for the decrease in biosynthesis and increase in proteoglycan loss.

2.2.1 Cross Reactivity of Etanercept with Bovine TNF- a

In order to make sure that Etanercept would block bovine TNF-a, as well as the

recombinant human TNF- a , bovine TNF- a was provided by the USDA.

2.2.1.1 Methods

Cartilage was harvested from the femoropatellar groove of one to two week old bovine

calves by using a drill press with a special bit to obtain nine millimeter diameter

cylindrical cartilage on bone cores as described previously by Sah et a127 . A microtome

was then used to slice the cartilage into 1mm thick slices. These slices were then

punched to obtain 3mm diameter by 1 mm thick cartilage disks.

The cartilage explants were allowed to equilibrate for three days in medium containing

low-glucose Dulbeco's Modified Eagle Medium (Gibco, Grand Island, NY), 10% fetal

bovine serum (HyClone, Logan, UT), and supplemented with 0.1mM non-essential

amino acids, HEPES buffer and antibiotics and 0.4mM proline and ascorbate. The

explants were incubated at 370 C and 5% CO2.

After allowing the cartilage to equilibrate for three days, cartilage plugs were placed into

one of four conditions with one plug from each slice going into each of the conditions:
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1) Control, no TNF-a, no etanercept

2) 25 ig/ml etanercept

3) 100 ng/ml bovine TNF-a, no etanercept

4) 100 ng/ml bovine TNF-a and 25pig/ml etanercept

Each plug was incubated in 0.25 ml of medium for 6 days. On day 6 after intervention,

the cartilage plugs were transferred to medium containing 1 OjCi/ml of 35S-Sulfate and

3H-Proline (proline results not shown). The disks were incubated in the labeled medium

for 7 hours and then washed three times over 45 minutes in 0.4ml of PBS supplemented

with 0.8mM sodium sulfate and 1mM proline to remove any unincorporated label. In the

future this solution will be called Rx wash solution. Next the plugs were put in 1ml of

Proteinase K and placed in a 600 water bath for two days to digest. After the disks were

completely digested, radiolabel incorporation was measured using a scintillation counter.

The counts per minute were converted to incorporation rate using the method previously

described by Sah et al.

2.2.1.2 Results:

Figure 1 shows sulfate incorporation in pmol/hr. The mean is plotted as well as the

standard error. There were 8 samples per condition.
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Sulfate Incorporation

800

Mean ±SEM'C 700 - N=8

E 600-
0.

S500-0

0 400-

0 300-

200-

n 100

0
Control Enbrel 25ug/ml bTNF 100ng/ml bTNF+Enbrel

Figure 1: Rate of Sulfate incorporation for cartilage cultured in 10% FBS medium with and without 25

pig/ml etanercept and 1 OOng/ml of bovine TNF-a. Cartilage was allowed to equilibrate for three days after

harvest before intervention and was incubated for 6 days in .25ml of medium prior to the radiolabel. '**'

represents p<0.0003 by two sided student t test.

Figure 2 shows GAG loss after 6 days.
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GAG Loss

35
Mean ±SEM

30 N=8

0020-

U)
U)o 15
-J

5

0 - -

Control Enbrel BTNF Enbrel+BTNF

Figure 2: GAG Loss (jig/plug) for cartilage cultured in 10% FBS medium with and without 25 sg/ml

etanercept and 1 OOng/ml of bovine TNF-a. Cartilage was allowed to equilibrate for three days after harvest

before intervention and was incubated for 6 days in 0.25ml of medium prior to measuring GAG Loss.

From these graphs, it is evident that etanercept is successful at blocking the effect of

bovine T NF-a thus showing that the results obtained by Fay e t a 1.7 are v alid and that

TNF-a is not responsible for the decrease in biosynthesis seen when cartilage is co-

cultured with joint capsule tissue or cultured in joint capsule tissue conditioned medium.

2.2.2 Human Joint Capsule Tissue Conditioned Medium with IL-ira and Sol-r

Because it was not possible to obtain bovine IL-1, joint capsule tissue was harvested from

a human knee joint and used to condition medium. This medium conditioned with

human joint capsule was then cultured with bovine cartilage to see if the same decrease in

biosynthesis was seen and whether or not that decrease could be reversed by applying the

recombinant human IL-I blockers. This way it would be possible to definitively rule out

IL-I as the cause of the decrease in biosynthesis.
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2.2.2.1 Methods

Joint capsule tissue was harvested from the knee joint of a human donor. The joint was

dissected in the hood in order to keep the joint capsule tissue sterile. The joint capsule

tissue was excised from the medial and lateral sides of the femoropatellar groove. The

excised pieces of joint capsule were cleaned of fat tissue and punched to form 3mm disks.

One 3 mm disk was placed in lml of medium which was conditioned for seven days.

After seven days, joint capsule tissue cell viability was checked to ensure that the capsule

was still alive. The conditioned medium was pooled and frozen for later use and then

unthawed in a 37'C water bath. Medium was kept in the incubator along with the

conditioned medium to act as a control. This medium was also frozen and unthawed like

the conditioned medium.

Bovine cartilage was harvested in the usual manner and allowed to equilibrate for four

days prior to intervention. The cartilage plugs were matched for location with the

exception of the Il-1 and IL-I + sol-r or IL-I + IL-lra treated plugs. Two separate

experiments were run. One experiment using the IL-I soluble receptor and another using

the IL-I receptor antagonist. For each experiment there were 6 conditions:

1) Control

2) 200 ng/ml IL-ira or 5 pg/ml IL IL-i solr

3) Human Joint Capsule Tissue conditioned medium

4) Human JCTCM + 200 ng/ml IL-lra or 5 pg/ml IL-isolr

5) 2 ng/ml IL-1

18



6) 2 ng/ml IL-i +200 ng/ml IL-Ira or 5 ptg/ml IL-Isolr

Cartilage plugs were incubated for four days under these conditions in 0.25ml of medium

prior to being labeled with 1 0ptCi/ml of 3 5S-Sulfate and 3H-Proline for 24 hours.

2.2.2.2 Results:

Figure 3 shows sulfate incorporation for the experiment done using 200 ng/ml IL-Ira.

Sulfate Inc.

500 -
I ' * Mean ±SEM

N=8
0 400
E
CL

.2 300

0
C.
0 200

0

100

0

Control IL-1ra HJCTCM CM+IL-1ra IL-1 IL-1+IL-lra

Figure 3: Rate of sulfate incorporation. Cartilage was allowed to equilibrate for four days before being

placed in one of the above six conditions for four days. The concentration of IL- 1ra was 200 ng/ml and the

concentration of IL-1 was 2ng/ml. Human joint capsule tissue conditioned medium was conditioned by

one 3mm piece of joint capsule tissue in lml of medium for 7 days. '**' represents p<0.01, '*' represents

p<0.02 by a two sided student t test.

Figure 3 shows that IL-ira is able to bring incorporation rates back to control levels for

IL-i treated cartilage but not for cartilage cultured in joint capsule tissue conditioned

medium.
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Figure 4 shows sulfate incorporation for cartilage treated with the IL-I soluble receptor.

Sulfate Incorporation

600 - - - -- - - - - - ----- --

Mean ±SEM

500 N=8

400
E *C.
u 300 **

0
2 200 -

100

0
Control sol-r HJCTCM CM+Sol-r IL-1 IL-1+Sol-r

Figure 4: Rate of sulfate incorporation. Cartilage plugs were allowed to equilibrate for four days prior to

being cultured in the above conditions for an additional 4 days. Joint capsule tissue conditioned medium

was conditioned using one 3mm diameter piece of human joint capsule tissue in 1ml of medium for 7 days.

IL-1 soluble receptor was used at a concentration of 5 jig/ml and IL-1 was at a concentration of 2ng/ml.

'**' represents p<0.01 by a two sided student t test.

Figure 4 shows that the IL-1 soluble receptor also has no effect in reversing the decrease

in biosynthesis for cartilage cultured in joint capsule tissue conditioned medium while it

is able to bring biosynthesis levels back for IL-1 treated cartilage. In this case, the IL-1

concentration was twice as high as what is usually used for these experiments which

probably accounts for the reason that biosynthesis levels never returned to control levels.

From Figures 3 and 4 it is possible to conclude that IL-1 is not responsible for the

decrease in biosynthesis seen when cartilage is cultured in joint capsule tissue

conditioned medium.
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2.3 Confirming the factor is a protein

In order to verify that that the factor released by the joint capsule tissue is a protein and

not an endotoxin, an experiment was done to test whether or not boiling joint capsule

tissue conditioned medium would eliminate the decrease in biosynthesis seen in previous

experiments. If the factor is a protein, boiling it should denature the protein and

eliminate any activity that it might have. However, if it were an endotoxin, boiling would

not have any effect.

2.3.1 Methods:

Cartilage was harvested as previously described. Joint capsule tissue was excised medial

and lateral to the joint and punched to form 3mm disks. The cartilage plugs were allowed

to equilibrate in 10 % F BS culture medium for three days prior to intervention. Two

pieces of joint capsule tissue were used to condition 1 ml of medium. Medium was

collected each day, pooled together and frozen.

Four milliliters of thawed joint capsule tissue conditioned medium and 10% FBS medium

were boiled for 10 minutes in separate Erlenmeyer flasks on a hot plate. After 10

minutes, the flasks were placed on ice to cool the medium. Once the medium was cool, it

was sterile filtered. Cartilage plugs were matched for location across the four conditions

and were incubated in 0.5ml of medium for three days under one of the following four

conditions. N=6 for all groups.

21



Conditions for this experiment:

1) Control

2) Conditioned Medium

3) Boiled Medium

4) Boiled Conditioned medium

After three days of culture, all groups were incubated for 18 hours in 0.5ml of medium

containing 10ptCi/ml of 3 5S-sulfate and 3H-Proline. After 18 hours the plugs were

washed 3 times for 10-15 minutes each wash in Rx wash solution and then digested in

Proteinase K. Once digested, proline and sulfate incorporation were measured using a

scintillation counter.

2.3.2 Results:

Figure 5 shows sulfate incorporation for this experiment and Figure 6 shows proline

incorporation.
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Sulfate Incorporation (Boiled Medium)

I **

1000

900

800 -

700 -

600 -

500 -

400

300

200

100 -

0
CM Boiled Medium

Figure 5: Rate of sulfate incorporation. Boiled medium and boiled conditioned medium were boiled for 10

minutes in Erlenmeyer flasks and then placed on ice to cool and sterile filtered. Cartilage was incubated for

three days in 0.5ml of medium before beginning the radiolabel. '*' represents a p value of <0.02 and '**'

represents a p value of <0.01 by a two sided student t-test.

Proline Incorporation (Boiled Medium)

Mean ±SEM
, N=6 T

T

CM Boiled Medium BCM

Figure 6: Rate of proline incorporation. Boiled medium and boiled conditioned medium were boiled for 10

minutes in Erlenmeyer flasks and then placed on ice to cool and sterile filtered. Cartilage was incubated for

three days in 0.5ml of medium before beginning the radiolabel. '**' represents a p value of <0.01

23

Mean ±SEM
N=6

0
E
.

0

0
0.
0-

0
-S
cc

T

Control BCM

1000

900 -

800 -

700 -

600 -

500 -

400 -

300 -

200 -

100 -

0-

E
0.

0

0U
0

0.

Control



From figures 5 and 6 we can see that boiling the conditioned medium was able to reverse

the effect of the unknown factor. This would indicate that the unknown factor is some

kind of protein.

2.4 Determining the permanence of the effect.

It was important to determine whether or not the decrease in biosynthesis seen after

culturing in joint capsule tissue conditioned medium was permanent. If the effect was

permanent even after the factor was removed, it would be important to make sure that the

factor was never released. However, if the effects were reversible and biosynthesis levels

could be brought back up to control levels, blocking it after it is released would be

enough to prevent further damage.

2.4.1 Methods:

Cartilage was harvested in the usual manner. Joint capsule tissue was excised medial and

lateral to the joint and punched to form 3mm disks. The joint capsule and cartilage plugs

were allowed to equilibrate in 10% FBS culture medium. Two JCT disks were incubated

in lml of medium. After three days, the joint capsule tissue conditioned medium was

collected and pooled together for use in this experiment. There were four experimental

groups:

1) Control (incubated for 3 days in normal 10%FBS medium)

2) JCTCM Control (incubated in conditioned medium for 3 days)

3) Recovery Control (Medium changed on day 3 and incubated an additional 5

days)
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4) JC TCM Recovery (incubated in conditioned medium for 3 days, washed 3

times for 10-15 minutes in 10% FBS medium and then incubated for an additional

5 days).

Each plug was incubated in 0.5ml of medium. Groups 1 and 3 were incubated in freshly

made 10% FBS medium while Group 2 and group 4 were incubated in the conditioned

medium obtained from the joint capsule tissue. After three days of incubation, groups 1

and 2 were labeled with 10pCi/ml of 3 5S-sulfate and 3H-Proline for 18 hours. After 18

hours the plugs were washed 3 times for 10-15 minutes each wash in Rx wash. Each

plug was then digested using pro K and radiolabel incorporation was measured using a

scintillation counter. Groups 3 and 4 were washed 3 times in 10% FBS medium for 10-

15 minutes a wash and then incubated an additional five days before being labeled and

digested. N=6 for all groups and the plugs were matched for location across the four

experimental groups.

2.4.2 Results:

Figure 7 shows sulfate incorporation for the recovery experiment.
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Figure 7: Rate of sulfate incorporation. Control and Conditioned medium cartilage were incubated for

three days prior to being labeled with 3 5S-sulfate and 3H-proline. The recovery control had its medium

changed on day three and was incubated an additional 5 days before being labeled with 3 5 S-sulfate and 3H-

proline. The recovery conditioned medium cartilage was washed three times for 10 minutes in 10% FBS

medium before being placed in fresh medium that had not been conditioned by joint capsule tissue for 5

days. '**' represents a p value of <0.01 by a two sided student t test.

Figure 7 shows that the rate of sulfate incorporation for cartilage that has been cultured in

conditioned medium and then cultured in fresh medium returns to control levels once the

cartilage is no longer being cultured in conditioned medium. This indicates that the

effect is not permanent and blocking it after it has been released should be sufficient to

stop its effects.

2.5 Identifying the approximate size of the Factor

Because the unknown factor was not IL-la or TNF-a, it was important to determine the

approximate size in order to begin to gather more information in an effort to identify it.
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Amicon centricon centrifuge filters were used to separate the medium components into

three separate size ranges: greater than 3 KD, greater than 30 KD, and greater than

100KD.

2.5.1 Methods:

Joint capsule tissue conditioned medium from days 1-12 after harvest were pooled

together to get a large amount of conditioned medium. One milliliter of this medium was

then filtered through one of three sizes of Amicon centricon filters,YM-3, YM-30 or YM-

100. The retentate from the 30 and 100 filters was washed three times with 250pl of DI

water in order to desalt it. The retentate left on the YM-3 filter was washed once with

250ptl of DI water and once with 100pl of DI water. Once most of the liquid had been

filtered, the filtrate vial was removed and saved and the filter was flipped over and the

retentate was reconstituted with 100p of PBS. The reconstituted retentate was then

added to 4.5ml of fresh 10% FBS medium. This solution was sterile filtered through a

0.2pm syringe filter and one milliliter of this filtered medium was put into 4 wells of a

culture plate. This was repeated for each of the three different sizes. The control for this

experiment was fresh medium which did not contain anything from the JCT conditioned

medium. C artilage d isks h arvested 7 days earlier w ere then transferred t o the culture

wells and cultured for three days. The cartilage disks were then labeled with medium

containing 10 pCi/ml of 35S-Sulfate and 3H-proline. After 6 hours the disks were

washed three times for 10-15 minutes each wash with Rx wash. The disks were then

digested in Iml of Proteinase K in a 60' water bath. Once digested, l00pl of the digested

tissue and 2ml of ethyl alcohol were added to scintillation vials and a scintillation counter
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was used to read the results. 250ptl of the conditioned medium was digested with 100pl

of Proteinase K and the GAG loss was measured.

2.5.2 Results:

Figure 8 shows sulfate incorporation for the size filtration experiment and figure 9 shows

proline incorporation for the same experiment.
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Figure 8: Rate of sulfate incorporation for cartilage plugs incubated for three days in control (10% FBS

medium) and conditioned medium which has been fractionated using Amicon Centricon YM-3, YM-30 and

YM-100 centrifuge filters. '*' represents p<0.02 '**' represents p<0.01 from a two sided student t test.
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Figure 9: Rate of proline incorporation for cartilage plugs incubated for three days in control (10% FBS

medium) and conditioned medium which has been fractionated using Amicon Centricon YM-3, YM-30 and

YM-100 centrifuge filters. '*' represents p<0.05 from a two sided student t test.

Figures 8 and 9 show that radiolabel incorporation is significantly less for the >3KD and

>30 KD samples than it is for the >100 KD samples which would indicate that the

unknown factor is between 3-100 KD in size.

Figure 10 shows GAG loss for the same experiment.
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Figure 10: GAG loss normalized to control for cartilage plugs incubated for three days in control (10% FBS

medium) and conditioned medium which has been fractionated using Amicon Centricon YM-3, YM-30 and

YM-100 centrifuge filters.

In figure 10, it is unclear why the GAG loss appears to increase as the size of the

centrifuge filter increases, perhaps this is because there are smaller proteins that are

filtered out which help block GAG loss.

The same experiment was repeated but this time non conditioned medium and medium

supplemented with lOng/ml of IL-1 were also filtered through YM-3, YM-30 and YM-

100 centrifuge filters. Because the cartilage plugs could not be matched for location for

every condition, results were normalized to DNA.

Figure 11 shows sulfate incorporation for this experiment.
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Figure 11: Rate of sulfate incorporation for cartilage plugs incubated for three days in fractionated 10%

FBS medium, Joint capsule tissue conditioned medium and 10% FBS medium + lOng/ml IL-la. Results

were normalized to DNA.

Figure 11 shows the same trends as figure 8. The filtered joint capsule tissue conditioned

medium and the IL-la treated medium have decreased radiolabel incorporation for the

>3KD and >30KD fractions while incorporation levels are up for the >100KD sample.

Because synthesis levels are down for the >30KD fraction for IL-1 treated medium and

IL-1 is only about 20KD, it would indicate that the filter is either becoming saturated so

smaller proteins cannot filter through or there is some interaction between molecules in

the retentate that won't allow some other smaller molecules to filter through the filter.

Filtering untreated 10% FBS medium appeared to have no effect on incorporation levels.

31



2.6 Isolating the unknown factor

After discovering the approximate size using centrifuge filters, an attempt was made to

isolate the protein using a size filtration column. By identifying the column fraction

which contained the protein, it might be possible to determine more information about it.

2.6.1 HPLC Separation

2.6.1.1 Method:

Joint capsule tissue was harvested in the usual manner and incubated in medium

consisting of low glucose DMEM, ITS, PSA, Ascorbate, Proline, N on-essential amino

acids and Hepes Buffer. This medium was then frozen and later unthawed and 4ml was

removed. This 4 ml was filtered through an Amicon, Centricon YM-100 centrifuge filter,

refrozen using liquid nitrogen and then lyophilized and reconstituted in 200ul of PBS. It

was then injected into a Superose 12 column and fractionated into lml fractions. PBS

was used as the running buffer. After the medium was fractionated, the ultraviolet

absorbance at 280nm was measured to determine which fractions contained proteins.

2.6.1.2 Results:

Figure 12 shows the elution pattern of proteins that was observed by measuring UV

absorbance at 280nm.
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Figure 12: UV absorbance at 280nm of joint capsule tissue conditioned medium column fractions obtained

from running concentrated conditioned medium through a Superose 12 column with PBS as the running

buffer.

Figure 12 shows that there are peaks between fractions 18-23 and fractions 27-30. This

indicates that these are the regions that contain proteins and will be the fractions that are

used in later experiments to try and isolate the unknown factor. Because these

experiments were done before IL-la had been eliminated as a suspect, the same

experiment was completed using ITS medium supplemented with 10ng/ml IL-1. Figure

13 shows the absorbance pattern for joint capsule tissue conditioned medium and IL-1

treated medium.
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Figure 12: LJV absorbance at 280nm for Superose 12 fractions of joint capsule tissue conditioned medium

and IL-1 treated medium.

Figure 12 shows that the second peak seen in the plot lines up with the peak seen in the

IL-I treated medium. This means that the proteins in this peak are around 23 KD in size.

The fractions where the peaks were seen were split in half and half of the fraction was

used to test the fraction's affect on chondrocyte biosynthesis and the other half was used

to run an SDS PAGE Gel.

2.6.2 Biosynthesis levels of cartilage cultured with column fractions

2.6.2.1 Method:

In order to test the effects of each fraction on cartilage biosynthesis the samples were

frozen, lyophilized and then reconstituted in 2.5 ml of 10% FBS medium and then sterile
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filtered. Cartilage plugs were then cultured in 0.5ml of medium for three days and then

labeled with 1 0ptCi/ml of 35S-sulfate and 3H-proline.

2.6.2.2 Results:

Figure 13 shows sulfate incorporation normalized to DNA for this experiment.

Sulfate Incorporation Normalized to Control/DNA
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Figure 13: Sulfate incorporation normalized to control for cartilage plugs incubated in 10% FBS medium

supplemented with 0.5ml of lyophilized column fractions. Column fractions were selected based on their

UV absorbance at 280nm.

From Figure 13 it appears that Sample 29 is the most likely fraction to contain the

unknown factor as it is the only fraction that appears to have any decrease in biosynthesis

levels.
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2.6.3 SDS PAGE Gel

2.6.3.1 Methods

Because it was determined that fraction 29 most likely contained the unknown factor, it

was chosen to be run on an SDS page gel. It was run along with fraction 28 of the joint

capsule tissue conditioned medium and fraction 29 of the medium supplemented with

rhIL-1. The column fractions were frozen in liquid nitrogen, lyophilized and then

reconstituted in 30 pl of de-ionized water. Thirty microliters of sample buffer was added

to the reconstituted samples. These were boiled for 5 minutes and then spun down prior

to loading. 20 pl was loaded into each lane and it was run at 175 V. It was then stained

using a silver staining kit.

2.6.3.2 Results

Figure 14 show the gel after silver staining.
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Figure 14: Silver stain of SDS page gel of column fractions identified to have the unknown factor in them

as well as Ing/ml of rh IL-1. The band at ~66KD is probably BSA and the band at 97KD is another

additive to the IL-I stock solution.

In the gel, one can see a faint line at -23 KD in the IL-I fraction, but no lines are visible

anywhere in the joint capsule tissue conditioned medium fractions. This is probably

because there is not a high enough concentration of the factor to show up by silver

staining. In order for it to show up at it's appropriate MW, it is probably necessary to
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concentrate the medium even more before running it through the column as well as

potentially combining fractions from multiple column runs.

2.7 Discussion & Conclusions:

The unknown factor appears to be about the same size as 11-1 a based on the size

fractionation that was done with the centrifuge filters and the Superose 12 column. This

means that the factor is probably between 20-30 KD in size. IL-1 itself can be eliminated

as a suspect because of the experiments done using IL-lra and the IL-1 soluble receptor

with human joint capsule tissue conditioned medium showed no success at reversing the

effects of the conditioned medium. TNF-a is also not responsible because etanercept was

shown to block bovine TNF- a and previous experiments showed that it also had no

effect on reversing the decrease in biosynthesis seen with joint capsule tissue conditioned

medium.

These experiments also show that the joint capsule tissue is releasing something that

results in a decrease in biosynthesis levels and that the decrease is not caused by nutrient

depletion in the medium. If it were because of nutrient depletion, the size fractionation

experiment should not have shown a decrease in biosynthesis levels as the retentate was

added to fresh medium.

In the future, it may be useful to run more columns to separate out the unknown factor

and then run those column fractions through a mass spectrometer to see if it is possible to

identify what proteins are in the samples. By doing this, it may be possible to narrow
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down the search to only a few suspects. Using mass spectrometry would probably also

be a more efficient way of trying to identify the protein than trying to pick likely suspects

and b lock t heir e ffect b ecause i t h as a 1 arge d atabase t o d raw o n. M ass s pectrometry

should also be able to determine whether or not the factor has been previously identified.

The other possible future direction would be to look at other cytokines that are known to

inhibit cartilage biosynthesis such as IL-6, oncostatin-M and leukemia inhibitory factor.

The drawback of this method is that unless one of these cytokines is responsible for the

decrease in biosynthesis, there is no additional information about what the factor could

be, only what it isn't. This does not significantly narrow down the field of suspects and

is very time intensive for minimal returns.
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Chapter 3: Joint Capsule Tissue Conditioned Medium Model

3.1 Background

While performing different experiments using the joint capsule tissue conditioned

medium model it was observed that certain effects such as a synergistic increase in GAG

loss with injury were seen in some experiments and not in others. It was suspected that

this effect depended on the concentration of the unknown factor or the interaction of the

joint capsule tissue and the injured cartilage. Up to this point there was no standardized

protocol for the number of days to condition medium or any standardized number or size

of punched pieces of joint capsule tissue per lml of medium. Therefore, the experiments

in this chapter were directed at standardizing the protocol for the joint capsule tissue

conditioned medium model.

3.2 Methods

Cartilage and joint capsule tissue were harvested as previously described in chapter 2.

Medium was conditioned by putting one 3mm punched piece of joint capsule tissue in

lml of either 10% FBS or ITS medium. These pieces were incubated in the medium for

one, two, three or four days. Conditioned medium was supplemented with ascorbate just

prior to use. At the same time, the cartilage was allowed to equilibrate for three days in

10% FBS medium. After three or four days of equilibrating the cartilage plugs were

placed in one of four conditions with the cartilage plugs being matched for location

across the four groups. Cartilage was injured by applying 50% strain at a strain rate of

1mm/sec. using a custom built incubator housed loading device as previously
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described8,21. After intervention, cartilage plugs were incubated for four days. After four

days, the cartilage plugs were radiolabeled with 35S-Sulfate and 3H-Proline for 24 hours

27
after which they were washed, digested and counted as previously described . On day

four after intervention, the GAG lost to the medium was also measured by DMMB

6
assay.

3.3 Number of days of conditioning necessary to obtain consistent, significant results

The goal o f t hese e xperiments w as t o d etermine w hat d ifference i t m ade c onditioning

medium for varying length of time. In this case, medium was conditioned for one day,

two days or three days.

3.3.1 Methods

For these experiments, medium was conditioned by placing one 3mm punched piece of

JCT in lml of 10% FBS medium for one, two or three days. After the appropriate

number of days, the medium was pooled and supplemented with ascorbate. This medium

was then used for two of the four groups. In this experiment each cartilage plug was

incubated in 0.5ml of medium and n=6. The four groups for these experiments were:

1) Control

2) Injury

3) Conditioned Medium (one day, two days, or three days)

4) Conditioned Medium (one day, two days, or three days) + Injury

These experiments were started three days after harvest. Injury was to 50% strain at a

rate of 1mm/sec using an incubator housed loading device.
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A fourth experiment was also done which directly compared the effect of the number of

days of conditioning on GAG Loss and radiolabel incorporation without injury. For this

experiment N=5 and the four groups were as follows:

1) Control

2) JCTCM (conditioned for one day)

3) JCTCM (conditioned for two days)

4) JCTCM (conditioned for three days)

3.3.2 Results:

3.3.2.1 Medium conditioned for one day

Figure 1 shows GAG loss for injured and uninjured cartilage cultured in medium which

had been conditioned for one day by one piece o f joint capsule tissue per milliliter of

medium.
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Figure 1: GAG loss (micrograms/plug) for uninjured and injured cartilage cultured in 10% FBS medium

and 10% FBS medium which had been conditioned with one 3mm piece of joint capsule tissue for one day.

'*' represents p value of <0.05 by two sided student t test.

The results of Figure 1 show that there is a slight increase in GAG loss in uninjured

cartilage over control cartilage, however there is really no difference between the GAG

loss of injured and uninjured cartilage that was cultured in the medium conditioned with

joint capsule tissue for one day.

Figure 2 shows sulfate incorporation for the same experiment.
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Figure 2: Sulfate Incorporation of injured and uninjured cartilage cultured in 10% FBS medium or 10%

FBS medium conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for one day.

' represents p value of < 0.05, '**' represents p value of < 0.02 by a two sided student t test.

The results of Figure 2 show that conditioning medium for one day with one 3mm piece

of joint capsule tissue is not enough to get a significant decrease in sulfate incorporation

when compared to the incorporation levels of injured cartilage. This means that a higher

concentration of joint capsule tissue should be used to condition the medium or that the

medium needs to be conditioned for longer.

3.3.2.2 Medium conditioned for two days

Figure 3 shows GAG loss from injured and uninjured cartilage cultured in 10% FBS

medium or 10% FBS medium conditioned by one 3mm piece of joint capsule tissue per

milliliter of medium for two days.
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Figure 3: GAG loss of injured and uninjured cartilage cultured in 10% FBS medium or 10% FBS medium

conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for two days. '*' represents p

value of <0.05 and '**' represents p value of <0.006 by a two sided student t test.

Like the results in Figure 1, Figure 3 shows that although the GAG loss levels are higher

for cartilage in conditioned medium, there is still not a significant increase in GAG loss

with injury.

Figure 4 shows sulfate incorporation for injured and uninjured cartilage cultured in 10%

FBS or 10% FBS medium conditioned for two days by one 3mm piece of JCT per

milliliter of medium.
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Figure 4: Sulfate incorporation of injured and uninjured cartilage cultured in 10% FBS medium or 10%

FBS medium conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for two days.

'*' represents p<0.03, '**' represents p<0.003 by a two sided student t test.

Similar to the results from Figure 2, Figure 4 shows that once again there is a significant

decrease in radiolabel incorporation for injured and uninjured cartilage that is not

cultured in conditioned medium and only a slight decrease in incorporation levels for

injured and uninjured cartilage cultured in conditioned medium, this time however, the

differences in radiolabel incorporation for injured and uninjured cartilage that is in

unconditioned medium and conditioned medium are significant. This means that two

days is probably the minimum amount of time needed for conditioning medium at this

concentration of joint capsule tissue.
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3.3.2.3 Medium conditioned for three days

Figure 5 shows GAG loss after four days for injured cartilage cultured in 10% FBS

medium and 10% FBS medium conditioned with one 3mm piece of joint capsule tissue

per milliliter for three days.
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Figure 5: GAG loss of injured and uninjured cartilage cultured in 10% FBS medium or 10% FBS medium

conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for three days.

The results in Figure 5 are different from the previous GAG loss results because this time

there appears to be a large increase in GAG loss. However the results are not quite

significant, p=0.06 by a two sided student t test, probably because the m ajority of the

GAG loss appeared to come from only a couple of the cartilage plugs.

Figure 6 shows the sulfate incorporation for the same experiment.
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Figure 6: Sulfate incorporation of injured and uninjured cartilage cultured in 10% FBS medium or 10%

FBS medium conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for three days.

'**' represent p value of <0.002 by a two sided student t test.

After three days o f conditioning the m edium, there i s finally a s ignificant d ecrease in

sulfate incorporation levels between injured cartilage in unconditioned medium and

uninjured cartilage in conditioned medium. From figure 6, it appears that if one wants to

be certain that the differences in radiolabel incorporation are significant, it is important to

condition the medium for at least two days but preferably three days at a concentration of

one 3mm punched piece per milliliter of medium.

3.3.2.4 Direct comparison of the number of days medium is conditioned.

Figure 7 is a comparison of GAG loss for uninjured cartilage cultured in unconditioned

medium and conditioned medium that has been conditioned for one day, two days or

three days by one 3mm punched piece of joint capsule tissue.
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Figure 7: Comparison of GAG loss for cartilage cultured in 10% FBS medium and 10% FBS medium

conditioned for one days, two days, three days. '**' represents p value of <0.02 by a two sided student t

test.

Figure 7 shows that there doesn't appear to be any correlation between the number of

days that the medium is conditioned and the amount of GAG loss. The three day

conditioned medium is probably higher because it has more GAG from the joint capsule

tissue than the 1 day and 2 day samples.

Figure 8 shows sulfate incorporation for the same experiment.
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Figure 8: Comparison of Sulfate incorporation for cartilage cultured in 10% FBS medium and cartilage

cultured in medium conditioned by joint capsule tissue for one, two or three days. '*' represents p value

<0.02 by a two sided student t test.

Figure 8 shows that radiolabel incorporation appears to be linearly related to the number

of d ays t hat t he m edium i s c onditioned. T his agrees w ith t he r esults from t he e arlier

experiments and suggests that three days is probably a good number of days to condition

the medium to ensure statistically significant results.

3.4 Which days after harvest can joint capsule tissue be used to condition medium?

Usually joint capsule tissue is obtained from the first three days after harvest. However,

other times joint capsule tissue is used to condition medium 9-12 days after harvest. In

these cases, there has always been a decrease in cartilage biosynthesis, results not shown,

but GAG loss has not been looked at. Because there always appears to be a significant

decrease in radiolabel incorporation, this experiment only looked at GAG loss.
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3.4.1 Method

Joint capsule tissue was harvested in the usual manner and was punched to form 3mm

disks. These disks were used to condition medium for a total of 12 days. Medium was

pooled and collected every four days. Medium from the 8 days was stored in the

incubator. Cartilage was harvested as previously described. A total of three experiments

were done to look at GAG loss. The first looked at only uninjured cartilage, the second

at injured cartilage and the third at the difference in GAG loss between uninjured and

injured cartilage cultured in joint capsule tissue conditioned medium. 10% FBS medium

was used for this experiment and cartilage was cultured in .5ml of medium after

intervention. Cartilage was allowed to equilibrate for three days after intervention and

then was cultured for an additional four days after intervention. After four days, GAG

loss to the medium was measured.

Experiment 1: No injury

1) Control

2) Joint capsule tissue conditioned medium days 1-4 after harvest

3) Joint capsule tissue conditioned medium days 5-8 after harvest

4) Joint capsule tissue conditioned medium days 9-12 after harvest

Experiment 2: All plugs are injured

1) Injury

2) Joint capsule tissue conditioned medium days 1-4 after harvest + injury

3) Joint capsule tissue conditioned medium days 5-8 after harvest + injury

4) Joint capsule tissue conditioned medium days 9-12 after harvest + injury
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Experiment 3:

1) Joint capsule tissue conditioned medium days 5-8 after harvest

2) Joint capsule tissue conditioned medium days 5-8 after harvest + injury

3) Joint capsule tissue conditioned medium days 9-12 after harvest

4) Joint capsule tissue conditioned medium days 9-12 after harvest + injury

Experiment 3 did not look at the GAG loss for the first four days after harvest with and

without injury because several previous experiments have already done that. As in

previous experiments plugs were matched for location across the four groups in each

experiment.

3.4.2 Results

Figure 9 shows the results for experiment 1.
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Figure 9: GAG loss after four days for uninjured cartilage cultured in 0.5ml of 10% FBS medium and 10%

FBS medium conditioned by joint capsule tissue in the first four days after it was harvested, days 5-8 after

it was harvested and days 9 -12 after it was harvested. '**' indicates p value of <0.02 by a two sided

student t test.
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Figure 9 shows that the only group that had a significant increase in GAG loss was the

group cultured in medium conditioned days 5-8 a fter harvest. This experiment would

need to be repeated if one is concerned about the increase seen with the days 5-8

medium, otherwise it appears that it doesn't really matter which days after harvest you

use for looking at GAG loss without injury.

Figure 10 shows the results for experiment 2.
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Figure 10: GAG loss after four days for injured cartilage cultured in 0.5ml of 10% FBS medium and 10%

FBS medium conditioned by joint capsule tissue in the first four days after it was harvested, days 5-8 after

it was harvested and days 9-12 after it was harvested. '*' indicates p value of <0.04, '**' indicates p value

of <0.01 by a two sided student t test.

In figure 10, only days 9-12 is significantly higher than the injured cartilage in normal

medium and the injured cartilage in days 1-4 of conditioned medium. This would seem
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to indicate that like the results in figure 19, it is probably reasonable to assume that they

are all roughly equivalent.

Figure 11 shows the results for experiment 3.
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Figure 11: GAG loss after four days for injured and uninjured cartilage cultured in 0 .5ml of 10% FBS

medium conditioned by joint capsule tissue days 5-8 after it was harvested and days 9-12 after it was

harvested. '*' indicates p value of <0.03 by a two sided student t test.

In figure 11, there is a significant increase in GAG loss when cartilage is injured with

medium conditioned on days 5-8. However, this was not seen in previous experiments

and i s p robably n ot a c onsistent r esult w hich w ould i ndicate t hat i t p robably d oes n ot

matter which days after harvest are used to condition the medium. Also, combining the

GAG loss results for uninjured cartilage in figure 11 with those in figure 19 shows that it

doesn't really matter which days are used to condition medium because the overall GAG

loss is pretty much the same.
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3.5 Does human joint capsule tissue affect bovine cartilage?

Very few cytokine blockers have been made to work against bovine cytokines whereas

there are a lot of available blockers for the human version. Because of this, it is very

difficult to rule out possibilities for the unknown factor using a bovine system because

there is always a question of cross species reactivity. Unfortunately, it is difficult to

obtain human tissue and the tissue does not come on a regular schedule. This makes it

difficult to use human tissue on a regular basis. However, if joint capsule tissue

conditioned medium made using human joint capsule tissue were to have the same effect

on bovine cartilage as bovine joint capsule tissue conditioned medium, it might be

possible to make large quantities of conditioned medium using human joint capsule tissue

and then use that conditioned medium to culture bovine cartilage. Human cytokine

blockers could then be used without worrying about cross species interaction.

3.5.1 Methods

Human joint capsule tissue was harvested from the medial and lateral side of the

femoropatellar groove, similar to the way bovine joint capsule tissue is harvested. The

human joint capsule tissue was covered in a layer of fat which had to be cleaned off prior

to culture in 10% FBS medium. Three millimeter punched pieces were cultured in 10%

FBS medium for 3 days before the medium was collected and changed. One piece of

joint capsule tissue was cultured per milliliter of medium. Left over 10% FBS medium

was put in a 48 well plate in iml aliquots to serve as a control. This unconditioned

medium was also left in the incubator for three days before being pooled and collected.

Bovine cartilage was harvested in the usual manner and allowed to equilibrate for two
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days prior to intervention. Two days after harvest some of the cartilage plugs were

injured to 50% strain as previously described while others were left uninjured. Cartilage

plugs were placed into one of four conditions:

1) Control

2) Injury

3) Human joint capsule tissue conditioned medium

4) Human joint capsule tissue conditioned medium + Injury

Cartilage plugs were incubated for three days in 0.5 ml of medium per plug prior to being

radiolabeled for 24 hours with 3 5S-Sulfate. Plugs were then washed and digested as

previously described.

3.5.2 Results

Figure 12 shows sulfate incorporation for bovine cartilage cultured with human joint

capsule tissue conditioned medium.
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Figure 12: Sulfate incorporation for injured and uninjured bovine cartilage cultured in 10% FBS medium

or 10% FBS medium conditioned with one 3mm piece of human joint capsule tissue per milliliter of

medium for three days. Cartilage was cultured under these conditions for three days prior to being

radiolabeled with 3 5S-Sulfate for 24 hours. '**' represents p value of <0.0005 by a two sided student t test.

Figure 12 shows that there is still a significant decrease in radiolabel incorporation when

bovine cartilage is cultured in medium conditioned by human joint capsule tissue instead

of bovine joint capsule tissue. This would indicate that it should be possible to use

medium conditioned by human joint capsule tissue on bovine cartilage in future

experiments that make use of human blockers.

Figure 13 shows the result for GAG loss after three days.
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Figure 13: GAG loss for injured and uninjured bovine cartilage cultured in 10% FBS medium or 10% FBS

medium conditioned with one 3mm piece of human joint capsule tissue per milliliter of medium for three

days. Cartilage was cultured under these conditions for three days prior to being radiolabeled with 35S-

Sulfate for 24 hours. '*' represents p value of <0.05 '**' represents p value of <0.0002 by a two sided

student t test.

Figure 13 shows that there is an increase in GAG loss when bovine joint capsule tissue is

cultured with human joint capsule tissue, however, injury seems to have no effect on

GAG loss.

3.6 Does dead joint capsule tissue have the same effect?

The next goal was to determine whether or not the same decrease in biosynthesis would

be seen if dead joint capsule tissue was used to condition medium instead of live joint

capsule. Because the tissue is dead, any decrease in biosynthesis would be attributed to

something that was coming out of the tissue and not to nutrient depletion.
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3.6.1 Methods

Joint capsule tissue was harvested as previously described and was punched using a 3mm

dermal punch. These joint capsule tissue pieces were placed in a conical tube and frozen

in the -80' C freezer for at least three days. The tissue was then thawed in a 370 C water

bath. After being frozen for at least three days, one piece of joint capsule tissue was

placed in iml of 10% FBS medium and incubated for three days. At the end of the three

days, the medium was pooled together and supplemented with ascorbate. Cartilage was

incubated in 0.5ml of medium for this experiment and N=6. The groups for this

experiment were as follows:

1) Control

2) Injury

3) Co-Culture or Dead JCT Conditioned Medium

4) Co-Culture or Dead JCT Conditioned Medium + Injury

3.6.2 Results:

Figure 14 shows GAG loss from conditioned medium that was conditioned for three days

by one 3mm piece of dead joint capsule tissue per milliliter of medium.
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Figure 14: GAG loss for injured and uninjured cartilage cultured for four days in medium conditioned for

three days with one 3mm piece of dead joint capsule tissue per one milliliter of 10% FBS medium. '*'

represents p value of <0.05 by a two sided student t test.

Figure 14 shows there is no difference in GAG loss for injured and uninjured cartilage

that was cultured in medium conditioned by dead joint capsule tissue. As will be

discussed later in chapter 5 the increase in GAG loss seen between control cartilage and

cartilage cultured in the dead joint capsule tissue conditioned medium is probably due to

GAG loss by the joint capsule tissue.

Figure 15 shows sulfate incorporation for the same experiment.
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Figure 15: Sulfate incorporation for injured and uninjured cartilage cultured for four days in medium

conditioned for three days with one 3mm piece of dead joint capsule tissue per one milliliter of 10% FBS

medium. '*' represents p value of <0.05, '**' represents p value of <0.002 by a two sided student t test.

There appears to be a decrease in biosynthesis from culturing cartilage in medium

conditioned by dead joint capsule tissue, however, there is no difference between

incorporation levels for injured cartilage cultured in conditioned medium or non

conditioned medium. This means that using dead joint capsule tissue to condition

medium for an injury experiment may not be a good idea. There is also the danger that

what is being released from the dead joint capsule tissue to cause the decrease in

biosynthesis may not be the same as what is being released by the live joint capsule tissue

because the cell membranes may have ruptured when the tissue was killed releasing other

things into the medium.
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3.7 ITS versus FBS medium

Because some experiments were done with 10% FBS medium and some experiments

were done with ITS medium, it was important to see if the same trends in radiolabel

incorporation a nd GAG loss w ere s een w hen t here w asn't any se rum. To d o t his, an

experiment was done with ITS supplemented medium instead of 10% FBS medium.

3.7.1 Methods

3.7.1.1 ITS Conditioned Medium

ITS medium was conditioned for three days and the experiment was broken down into

four groups like the previous experiments. The cartilage plugs were incubated in 0.5ml

of medium for four days. N=6 for this experiment. The four groups for this experiment

were:

1) Control

2) Injury

3) Conditioned Medium

4) Conditioned Medium + Injury

3.7.1.2 Comparison of FBS and ITS medium

In order to compare the absolute values of GAG loss and radiolabel incorporation,

another experiment was done doing a direct comparison of ITS and 10% FBS medium

conditioned by one 3mm piece of joint capsule tissue per milliliter of medium for three

days. After intervention each plug was incubated in 0.5ml of medium for four days. In

this case the four groups were:
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1) ITSCM

2) ITSCM+Injury

3) FBSCM

4) FBSCM+Injury

3.7.2 Results:

3.7.2.1 ITS Conditioned Medium

Figure 16 shows GAG loss for injured and uninjured cartilage cultured in ITS medium or

ITS medium conditioned by one 3mm piece of joint capsule tissue for three days.
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Figure 16: GAG loss for injured and uninjured cartilage cultured in ITS medium and ITS medium

conditioned for three days with one 3mm punched piece of joint capsule per milliliter of medium.

represents p value of <0.05 by a two sided student t test.

Figure 16 shows that there appears to be no difference in GAG loss for conditioned

medium with and without injury. Figure 17 shows radiolabel incorporation for the same

experiment.
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Figure 17: Sulfate incorporation for injured and uninjured cartilage cultured in ITS medium and ITS

medium conditioned for three days with one 3mm punched piece of joint capsule per milliliter of medium.

'*' represents p<0.04, '**' represents p<0.001 by a two sided student t test.

The differences in sulfate incorporation don't appear to be as large as those seen with

10% FBS medium but the differences are still significant. The only difference that wasn't

significant was the difference between injured cartilage in unconditioned medium and

uninjured cartilage in conditioned medium.

3.7.2.2 Direct Comparison of ITSCM and FBSCM

Figure 18 shows a comparison of GAG loss for injured and uninjured cartilage cultured

in ITS joint capsule tissue conditioned medium and 10% FBS joint capsule tissue

conditioned medium.
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Figure 18: Comparison of GAG loss for injured and uninjured cartilage cultured for four days in ITS

medium conditioned with joint capsule tissue for three days and 10% FBS medium conditioned with joint

capsule tissue for three days. '*' represents p<0.03 by a two sided student t test.

There is higher initial GAG loss between ITS conditioned medium and 10% FBS

conditioned medium. However the difference in GAG loss after injury is not significant

between the two conditions.

Figure 19 shows a comparison of sulfate incorporation for ITS conditioned medium and

10% FBS conditioned medium.
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Figure 19: Comparison of sulfate incorporation for injured and uninjured cartilage cultured for four days in

ITS medium conditioned with joint capsule tissue for three days and 10% FBS medium conditioned with

joint capsule tissue for three days. '**' represents p value of <0.0002 by a two sided student t test.

As can be seen from Figure 19, there is significantly less sulfate incorporation for

cartilage cultured in 10% FBS joint capsule tissue conditioned medium. Although

cartilage cultured in ITS medium tends to have slightly higher incorporation levels than

cartilage cultured in 10% FBS medium, this does not account for the dramatic difference

seen in F igure 19. One possibility could be that there is something in the serum that

interacts with either the joint capsule tissue to cause it to release more of the factor or it

makes the cartilage more sensitive to the factor.
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3.8 Effect of supplementing the medium with ascorbate vs. not supplementing the

medium

In some experiments the joint capsule tissue conditioned medium had been supplemented

with ascorbate and in other experiments it was not. Because of this it was important to do

an experiment that looked at what differences supplementing vs. not supplementing the

medium would cause. Because there has always been a significant decrease in radiolabel

incorporation on GAG loss was measured.

3.8.1 Methods

Cartilage and joint capsule tissue was harvested in the usual manner. One 3mm piece of

joint capsule tissue per milliliter of 10% FBS medium was used to condition medium for

three days. Cartilage was allowed to equilibrate for three days prior to intervention and

was cultured an additional three days after intervention in 0.5ml of medium before GAG

loss was measured. The groups for this experiment were:

1) FBS (no ascorbate)

2) Joint capsule tissue conditioned medium (no ascorbate)

3) FBSS (ascorbate added)

4) Joint capsule tissue conditioned medium supplemented (ascorbate added)

Another experiment was done trying to compare the differences in 10% FBS medium and

ITS medium when they were supplemented with ascorbate and when they were not. This

experiment followed the same protocol as the first experiment except for in this case

plugs were matched for location across the four groups without ascorbate in them.
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1) FBS (no ascorbate)

2) FBSCM (no ascorbate)

3) ITS (no ascorbate)

4) ITSCM (no ascorbate)

5) FBSS (ascorbate)

6) FBSCMS (ascorbate)

7) ITSS (ascorbate)

8) ITSCM (ascorbate)

3.8.2 Results

Figure 19 shows GAG loss for supplemented and unsupplemented conditioned and

unconditioned 10% FBS medium.
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Figure 19: Comparison of GAG loss after three days for cartilage cultured in 10% FBS medium and joint

capsule tissue conditioned medium that has and has not been supplemented with ascorbate. '*' represents p

value of <0.04, '**' represents p value of <0.01 by a two sided student t test.
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Figure 19 shows that supplementing the conditioned medium does not have an effect on

the GAG loss measured. However, there is a large increase in GAG loss seen with

unconditioned medium when it is supplemented with ascorbate.

Figure 20 shows the results for both ITS and FBS medium

GAG Loss Days 1-3

30 - - - - -

25

S15-

0T

5-

20T 7

FBS FBSCM ITS ITSCM FBSS FBSCMS ITSS ITSCMS

Figure 20: Comparison of GAG loss for 10% FBS and ITS Medium that has or has not been supplemented

with ascorbate and 10% FBS medium and ITS medium conditioned by joint capsule tissue that has and has

not been supplemented with ascorbate. '*' represents p value of <0.05 by a two sided student t test.

Once again there really is not any difference between the joint capsule tissue conditioned

medium that has been supplemented with ascorbate and the medium that has not been

supplemented. There is also still a large increase in GAG loss for cartilage cultured in

10% FBS medium that has been supplemented with ascorbate as opposed to medium that
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has not been. ITS medium did not appear to be as sensitive to supplementation as the

10% FBS medium.

3.9 Effect of freezing joint capsule tissue conditioned medium

Another important thing to determine was whether or not freezing conditioned medium

was a viable way of storing it. This was important for experiments that use human joint

capsule tissue as it is very difficult to get and does not come on a regular schedule. If it is

possible to store conditioned medium in the freezer, it would be possible to make up large

quantities of conditioned medium, freeze it and then use it in later experiments. As many

of the experiments done in chapter two which looked at biosynthesis levels had made use

of previously frozen conditioned medium and still seen a large decrease in biosynthesis

levels, this experiment looked only at the effect freezing the conditioned medium had on

GAG loss.

3.9.1 Methods

Cartilage and joint capsule tissue were harvested as previously described. One 3mm

piece of joint capsule tissue was used to condition lml of 10% F BS medium for four

days. After four days of conditioning, some of the medium was quickly frozen in the

minus 80' freezer and then unthawed in the incubator. The other part of the medium was

stored in the incubator for later use. Cartilage was cultured for four days after

intervention before GAG loss was measured. For these experiments all plugs were

matched for location and N=6. The groups for the first experiment were as follows:
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1) Control

2) Injury

3) Frozen conditioned medium

4) Frozen conditioned medium + Injury

The second experiment compared GAG loss of cartilage cultured in conditioned medium

that had been frozen and conditioned medium from the same batch that had not been

frozen. The groups for the second experiment were:

1) Joint capsule tissue conditioned medium (unfrozen)

2) Joint capsule tissue conditioned medium + injury (unfrozen)

3) Frozen joint capsule tissue conditioned medium

4) Frozen joint capsule tissue conditioned medium + injury.

3.9.2 Results

Figure 21 shows those results for GAG Loss.
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Figure 21: GAG Loss in injured and uninjured cartilage that was cultured in 10% FBS medium or 10%

FBS medium which was conditioned for four days with one 3mm piece of joint capsule tissue/ml of

medium, frozen, and thawed in a 370 water bath. '*' represents p value of <0.03, '**' represents p value of

<0.007 by a two sided student t test.

Figure 21 shows that there is basically no difference in the amount of GAG lost from

injured and uninjured cartilage cultured in conditioned medium which had been

previously frozen. This means that if one is only interested in looking at radiolabel

incorporation, freezing the medium is still a viable option. However, previously frozen

conditioned medium should probably not be used for injury experiments where GAG loss

is of interest.

Figure 22 shows a comparison of GAG loss from joint capsule tissue conditioned

medium that had been previously frozen and joint capsule tissue conditioned medium that

had not been frozen.
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Figure 22: GAG Loss in injured and uninjured cartilage that was cultured in 10% FBS medium conditioned

by conditioned for four days with one 3mm piece of joint capsule tissue/ml of medium, frozen, and thawed

in a 370 water bath or stored in the incubator. '*' represents p value of <0.05, '**' represents p value of

<0.02 by a two sided student t test.

Figure 22 shows that there is a significant increase in GAG loss with injury in the non

frozen medium, whereas there was no increase in medium that had been previously

frozen. Like figure 21 it indicates that if one is interested in looking at GAG loss it is

probably wise not to freeze the medium. This could be because GAG loss is less

sensitive to the unknown factor and when it is frozen and thawed, too much of it becomes

denatured and there is not enough left to see an effect.

3.10 Using cartilage conditioned medium as a control

Because the joint capsule tissue is alive when medium is being conditioned it is eating up

the nutrients that are in the medium, possibly making the medium nutrient deficient for

the cartilage and being partly responsible for the decreased levels of biosynthesis. From
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previous experiments, it is known that nutrient depletion is not responsible for all of the

decrease seen. However, it is important to determine what portion of the decrease, if any,

is c aused b y nutrient d epletion. A p reliminary experiment w as done which c ompared

unconditioned m edium, cartilage c onditioned m edium, j oint c apsule t issue c onditioned

medium and frozen joint capsule tissue conditioned medium to make sure that all

differences w ere s till s ignificant. T his e xperiment w as followed up b y 1ooking at the

effect of injury when using cartilage conditioned medium as a control. Also, because

joint capsule tissue is much more cellular than cartilage and is also thicker than the

cartilage slices used, a higher concentration of cartilage per milliliter of medium was used

to t ry and a ccount for t hat d ifference. It i s h oped t hat b y u sing cartilage c onditioned

medium as a control, it might be possible to isolate the effect of the unknown factor and

not the combination of nutrient depletion and the unknown factor.

3.10.1 Comparison of different types of conditioned medium

3.10.1.1 Methods

Cartilage and joint capsule tissue were harvested in the normal manner. One 3mm piece

of joint capsule tissue or one 3mm piece of cartilage was used to condition lml of 10%

FBS medium for three days. After three days of conditioning the cartilage conditioned

medium and the joint capsule tissue conditioned medium were each pooled separately.

Some medium was separated out from the joint capsule tissue conditioned medium and

was frozen overnight in the -80' freezer. The experiment was begun four days after

harvest and plugs were allowed to incubate in 0.5ml of medium under the following
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conditions for an additional four days. All plugs were matched for location and N=8.

The four groups for this experiment were:

1) Control (10% FBS medium)

2) Cartilage conditioned medium (3mm piece cartilage/lml medium for 3 days)

3) JCTCM (3mm piece of JCT/lml medium for 3 days)

4) Frozen JCTCM (3mm piece of JCT/lml medium for 3 days and then frozen &

unfrozen)

3.10.1.2 Results

Figure 23 shows sulfate incorporation for cartilage cultured in10% FBS medium and 10%

FBS medium conditioned by cartilage or joint capsule tissue and joint capsule tissue

conditioned medium that had been previously frozen.

Sulfate Inc.

1000 ------- --- -----

900 *

** Mean ±SEM
800 IN=8

ET
0. 700

o 600

500

0 400

300
0

.~200

100

0

Control CCM JCTCM FJCTCM

Figure 23: Sulfate incorporation for cartilage cultured for four days in 10% FBS medium, cartilage

conditioned medium, joint capsule tissue conditioned medium, and joint capsule tissue conditioned medium

which had been previously frozen. '**' represents p<0.000I by a two sided student t test.
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As can be seen in figure 23, it appears that freezing the joint capsule tissue has little

effect on the rate of sulfate incorporation and there is still a significant drop in radiolabel

incorporation when cartilage cultured in joint capsule tissue conditioned medium is

compared to cartilage cultured in cartilage conditioned medium.

3.10.2 Cartilage conditioned medium follow up

3.10.2.1 Methods

Because cartilage is less cellular than the joint capsule tissue and is not as thick as many

of the pieces of joint capsule tissue, cartilage conditioned medium was obtained by

placing four 3mm punched pieces of cartilage in lml of 10% FBS medium for four days.

Joint capsule tissue c onditioned medium was obtained by c ulturing one 3mm piece of

joint capsule tissue per milliliter of medium for four days. Injured and uninjured

cartilage plugs were then cultured in either cartilage conditioned medium or joint capsule

tissue conditioned medium and GAG loss and sulfate incorporation were measured after

four days in culture. The groups for this experiment were:

1) Cartilage conditioned medium (4, 3mm plugs/lml medium)

2) Cartilage conditioned medium (4, 3mm plugs/lml medium) + Injury

3) Joint capsule tissue conditioned medium (1, 3mm piece/lml medium)

4) Joint capsule tissue conditioned medium + Injury

3.10.2.2 Results

Figure 24 shows the results for GAG loss once the GAG loss from the cartilage used to

condition the medium was accounted for.
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Figure 24: Comparison of GAG loss for injured and uninjured cartilage cultured for four days in 10% FBS

medium that was either conditioned with cartilage (Four 3mm punched pieces/ml for 4 days) or joint

capsule tissue (one 3mm punched piece/ml for 4 days). '*' represents p value <0.05 by a two sided student t

test.

From figure 24 it appears that the same trends in GAG loss are seen for both cartilage

conditioned medium and joint capsule tissue conditioned medium. The trends for the

GAG loss w ith t he c artilage c onditioned m edium a ppear t o b e t he s ame a s w hen i t i s

cultured in unconditioned medium. GAG loss from the cartilage used to condition the

medium is probably responsible for the high amount of GAG loss seen in the cartilage

conditioned medium samples. In the future, medium samples of conditioned medium

should be saved so that GAG already present in the medium at the start of the experiment

can be subtracted out of the results.
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Figure 25 shows sulfate incorporation for cartilage cultured in cartilage conditioned

medium and joint capsule tissue conditioned medium.
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Figure 25: Rate of sulfate incorporation for injured and uninjured cartilage cultured for four days in 10%

FBS medium that was either conditioned with cartilage (Four 3mm punched pieces/ml for 4 days) or joint

capsule tissue (one 3mm punched piece/ml for 4 days). '**' represents p<0.000 2 by a two sided student t

test.

Figure 25 shows that cartilage cultured in joint capsule tissue conditioned medium still

has significantly less sulfate incorporation than cartilage cultured in cartilage conditioned

medium. Combining the results in Figure 25 with the results in Figure 23, this means that

cartilage conditioned medium may be a better control when doing blocking experiments

because it is probably not reasonable to expect that radiolabel incorporation levels will

ever reach those of cartilage cultured in fresh 10% FBS medium because of nutrient

depletion. For a comparison of radiolabel incorporation of cartilage cultured in fresh

medium versus cartilage cultured in cartilage conditioned medium see Appendix A.
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3.11 Discussion and Conclusions

While doing these e xperiments, it was discovered that joint capsule tissue conditioned

medium contained a significant amount of GAG. This GAG was released by the joint

capsule tissue itself and in some cases could account for as much as a third of the total

GAG Loss m easured. U nfortunately, m edium samples w ere n ot s aved a s c ontrols for

these experiments, so this information should be kept in mind when interpreting all of the

GAG loss results. In the future conditioned medium samples need to be saved for every

experiment so that the GAG in the joint capsule tissue conditioned medium can be

subtracted from the total GAG measured in each well at the end of the experiment so that

the amount that is lost by the cartilage can be isolated. Chapter 5 will go into more detail

about how much GAG is in the joint capsule tissue, how much is released and when it is

released. In addition, data in Chapter 6 will provide more information about the structure

of the joint capsule tissue itself.

In almost all of the joint capsule tissue conditioned medium experiments, there was more

GAG seen in the conditioned medium without injury than was seen in the control wells.

This difference is associated with the GAG that was lost by the joint capsule tissue when

the medium was conditioned. The most surprising result is that for injured cartilage

cultured in joint capsule tissue conditioned medium, very rarely is the GAG lost from this

condition any higher than the GAG measured in the uninjured sample cultured in

conditioned m edium. 0 n t he o ther h and, t here i s a d efinite t rend i n almost a11 o f t he

experiments for there to be an increase in GAG loss with injury when the cartilage is

79



cultured in unconditioned medium. This would seem to indicate that there might be

something in the conditioned medium that is inhibiting GAG loss after injury.

It also appears from GAG loss data and other experiments that joint capsule tissue can be

used to condition medium for up to two weeks without substantial change in the results

seen. As an example several of the experiments in chapter two which looked at

radiolabel incorporation made use of medium conditioned by joint capsule tissue that was

almost t wo w eeks o ld. Red/Green live d ead a ssays w ere d one o n t wo w eek o ld j oint

capsule tissue and almost all of the tissue was still alive. (Unfortunately, no photograph

was taken of that tissue.)

Because sulfate incorporation decreases linearly with the number of days that medium is

conditioned, it indicates that the factor is probably released by diffusion and that the joint

capsule tissue is depleting the nutrients in the medium at a constant rate which is another

indicator that large amounts of cells are not dying.

If one is interested in making sure that there is a significant decrease in radiolabel

incorporation for cartilage cultured in joint capsule tissue conditioned medium compared

to control and injured cartilage in unconditioned medium, it is important to make sure

that the medium is conditioned for at least two days, but preferably three at a

concentration of one 3mm punched piece of joint capsule tissue per milliliter of medium.

If three days is too long, increasing the number of pieces of joint capsule tissue per
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milliliter of medium would probably give the same results as conditioning for longer

periods of time with a lower concentration of joint capsule tissue to medium.

One exciting result was that culturing bovine cartilage in medium conditioned by human

joint capsule tissue gave the same results as those seen when medium was conditioned by

bovine joint capsule tissue. Because most cytokine blockers available are made to react

with human cytokines, by using medium conditioned with human joint capsule tissue it

will be possible to use these blockers on bovine cartilage, which is easier to get and more

sensitive to change, to get definitive results. This will simplify future attempts that might

try to identify the unknown factor.

While the human joint capsule tissue showed the same trends in GAG loss as bovine joint

capsule tissue conditioned medium, it appeared that there was a lot more GAG loss in the

uninjured cartilage. Unfortunately, none of the human joint capsule tissue conditioned

medium that was used in the experiment included in this chapter was saved so there is no

way to determine if the increase seen in GAG loss is because of GAG in the conditioned

medium or because of some reaction with the cartilage. When human joint capsule tissue

becomes available again, the amount of GAG that is lost to the medium should be

measured as well as the total GAG found in the tissue.

Dead j oint c apsule t issue c onditioned m edium s hows t he s ame t rends a s t he live j oint

capsule tissue conditioned medium. This is good because it shows that nutrient depletion

is not the cause for the decrease in radiolabel incorporation. Unfortunately because it
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was killed by freezing, the cell membranes could have ruptured releasing other factors

into the medium that are different then what is released by live tissue.

Another positive result was that both ITS and 10% FBS medium showed the same trends

for GAG loss and radiolabel incorporation. It is interesting to note though that there is a

much more drastic decrease in radiolabel incorporation for cartilage cultured in 10% FBS

medium. This means that one might want to condition ITS medium for longer or at a

higher concentration in order to see more of a decrease. Another interesting thing to note

was that supplementing either 10% FBS or ITS joint capsule tissue conditioned medium

with ascorbate did not have any effect on GAG loss. The same was true for

unconditioned ITS medium. Unconditioned 10% FBS medium was very sensitive to the

addition of ascorbate as GAG loss increased significantly when it was added. 10% FBS

medium seems to be much more sensitive to changes than ITS medium.

Freezing the conditioned medium appears to have little effect on radiolabel incorporation

although it is unknown how it would react to multiple freeze/thaw cycles. This means

that if one is only interested in looking at radiolabel incorporation freezing the medium

should not be a problem. Freezing the conditioned medium might have an effect on GAG

loss however more repeats would have to be done to determine whether or not that really

is the case.

If one is interested in doing blocking experiments it appears that cartilage conditioned

medium may serve as a better control because it can account for the decrease in
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radiolabel incorporation that is caused by the depletion of nutrients. There is still a

significant difference in radiolabel incorporation between cartilage conditioned medium

and joint capsule tissue conditioned medium and because of nutrient depletion it seems

more reasonable for a blocker to only return incorporation levels back to the cartilage

conditioned medium levels. Four 3mm punched pieces of cartilage per milliliter of

medium is probably a very safe concentration to condition medium with cartilage as it

should compensate or possibly overcompensate for the differences in cellularity between

the two tissues. As will be shown in chapter 5, cartilage has between 4-5gg of DNA for a

3mm by 1mm punched piece and joint capsule tissue can have between 5-25pg of DNA

for a 3mm punched piece with the average being closer to 15. As with the joint capsule

tissue since cartilage releases GAG to the medium, it is important to save a sample of the

cartilage conditioned medium so that the GAG that was released during the conditioning

process can be subtracted from the total amount measured at the end of the experiment.

The cartilage conditioned medium experiments as well as the dead conditioned medium

experiments and the boiling experiments in chapter two show that there is definitely some

factor released into the medium which is responsible for a good portion of the decrease in

biosynthesis.

Overall the results in this chapter show that the conditioned medium model is fairly

robust. It is important to make sure that the medium is conditioned for a long enough

period of time to get a significant decrease in radiolabel incorporation and to save

samples of the conditioned medium in order to subtract out the GAG lost by the joint
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capsule tissue during the conditioning process from the total GAG measured at the end of

the experiment.
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Chapter 4: Joint Capsule Tissue Co-culture Model

4.1 Background and Purpose

Previously, some experiments were done using medium that had been conditioned by

joint capsule tissue and some experiments had been done co-culturing joint capsule tissue

and cartilage in the same well. It had been assumed that both models were equivalent

since both resulted in a decrease in chondrocyte biosynthesis levels. Also, some previous

experiments involved joint capsule tissue harvested with a 5mm dermal punch instead of

a 3mm dermal punch. The experiments of this chapter were to determine whether or not

conditioned medium yielded the same results as co-culturing joint capsule tissue with

cartilage. In addition, experiments were performed to identify any differences seen when

using 5mm versus 3mm diameter explants of joint capsule tissue.

4.2 General Methods

Cartilage and joint capsule tissue were harvested as previously described in chapter 2,

however, some of the joint capsule tissue was punched using a 5mm dermal punch

instead of a 3mm punch. These pieces were allowed to equilibrate for three to four days

in 10% FBS medium prior to the beginning of the experiment. After equilibrating the

cartilage plugs were placed into one of four conditions with the cartilage plugs being

matched for location across the four groups. Cartilage was injured by applying 50%

strain at a strain rate of 1mm/sec. using a custom built incubator housed loading device as

previously described 2 1. After intervention, cartilage plugs and joint capsule tissue were

co-cultured for four days. After four days the cartilage plugs were labeled with 35S_

85



Sulfate and 3H-Proline for 24 hours after which they were washed, digested and counted

as previously described 27 . On day four after intervention, the GAG lost to the medium

6was measured by DMMB assay.

4.3 Three millimeter co-culture and five millimeter co-culture models

The goal of these experiments was to look at the co-culture models and determine

whether there was any difference in the trends of radiolabel incorporation and GAG loss

when cartilage plugs are co-cultured with a 5mm punched piece of joint capsule tissue or

a 3mm punched piece of joint capsule tissue.

4.3.1 Methods

Joint capsule tissue was harvested and punched using either a 3mm dermal punch or a

5mm dermal punch. For these two experiments N=7. Cartilage plugs were incubated in

lml of 10% FBS medium for each of the four conditions. The four groups for each

experiment were:

1) Control

2) Injury

3) 3mm or 5mm Co-culture

4) 3mm or 5mm Co-culture + Injury

4.3.2 Results

Figure 1 shows GAG loss for injured and uninjured cartilage co-cultured with a 3mm

punched piece of joint capsule tissue.
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Figure 1: GAG Loss (micrograms/plug) for cartilage cultured with and without 3mnm piece of joint capsule

tissue and with and without injury. '*' indicates p value <0.05 by a two sided student t test.

From Figure 1, it appears that there is no difference in GAG loss for cartilage cultured

with and without a 3mm piece of joint capsule tissue when directly comparing those left

in free swell and those that were injured. The only significant difference was seen

between the cartilage cultured alone and the cartilage that was injured and co-cultured

with joint capsule tissue.

Figure 2 shows GAG loss after four days for injured and uninjured cartilage cultured with

and without a 5mm punched piece of joint capsule tissue.
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Figure 2: GAG Loss (micrograms/plug) for cartilage cultured with and without 5mm piece of joint capsule

tissue and with and without injury. '*' represents p<0.05 by two sided student t test.

From figure 2 it appears that the combination of injury and co-culture with a 5mm

punched piece of joint capsule tissue causes a large increase in GAG loss. Figure 3

shows sulfate incorporation for injured and uninjured cartilage cultured with and without

a 3mm piece of joint capsule tissue for four days.
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Figure 3: Sulfate Incorporation for cartilage cultured for four days with and without a 3 mm piece of joint

capsule tissue and with and without injury. '*' represents p<0.008, '**' represents p<0.0001 by a two sided

student t test.

Figure 3 shows the expected result that radiolabel incorporation decreases with both

injury and co-culture. All results are significant except the difference between co-culture

and co-culture plus injury.

Figure 4 shows sulfate incorporation for injured and uninjured cartilage cultured with and

without a 5mm piece of joint capsule tissue.
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Figure 4: Sulfate Incorporation for cartilage cultured for four days with and without a 5 mm piece of joint

capsule tissue and with and without injury. '*' indicates p value <0.05 by two sided student t test.

The results from Figure four are surprising because there is not a large decrease in sulfate

incorporation with co-culture of the joint capsule tissue and the incorporation levels for

co-culture plus injury are at the same level as control cartilage. While a slight increase in

incorporation levels is often seen with co-culture and conditioned medium, it is usually

still a lot less than the incorporation for control cartilage. More follow up experiments

would have to be done to see how reproducible this result is before it can be taken too

seriously. However, since the large increase in GAG loss is not seen in all co-culture

experiments with a 5mm piece of joint capsule tissue, and sulfate incorporation is an

indication of proteoglycan synthesis it is possible that either the injury or the joint capsule

tissue triggered the chondrocytes to produce more GAG which was then lost into the

medium.
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4.4 Number of pieces of joint capsule tissue per well

All of the co-culture experiments that had been done in the past had co-cultured one piece

of joint capsule tissue with one piece of cartilage. This experiment looks at whether or

not there are different trends in GAG loss when two pieces of joint capsule tissue are co-

cultured with one piece of cartilage.

4.4.1 Methods

Joint capsule tissue was harvested in the usual manner and was punched to form 5mm

disks. Cartilage was also harvested in the usual manner. Both joint capsule tissue and

cartilage were allowed to equilibrate for three days before intervention. After

intervention, joint capsule tissue and cartilage were allowed to incubate an additional four

days after which GAG loss was measured. Two experiments were done so as to compare

the trends seen in GAG loss for co-culture with one piece of joint capsule tissue as

opposed to two pieces of joint capsule tissue. By running two experiments with joint

capsule from the same joints it was hoped to minimize differences in results that would

be caused by variation in joint capsule tissue structure. In both experiments plugs were

matched for location. One experiment had one 5mm punched piece of joint capsule

tissue co-cultured with one piece of cartilage and the other experiment had two 5mm

punched pieces of joint capsule tissue co-cultured with one piece of cartilage. The groups

for the experiments were:
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1) Control

2) Joint capsule tissue co-culture (one or two pieces)

3) Injury

4) Joint capsule tissue co-culture + injury (one or two pieces)

4.4.2 Results

Figure 5 shows the results for co-culture of one piece of joint capsule tissue with one

piece of cartilage.
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Figure 5: GAG loss for injured and uninjured cartilage co-cultured with one 5mm punched piece of joint

capsule tissue for four days in iml of 10% FBS medium. '*' represents p value < 0.05, '**' represents p

value of <0.007 by a two sided student t test.

These results are similar to the results seen in figure 2 except for there i s much more

GAG loss seen with co-culture than was seen in figure 2.
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Figure 6 shows the results for co-culture of two pieces of joint capsule tissue with one

piece of cartilage.
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Figure 6: GAG loss of injured and uninjured cartilage co-cultured for four days in iml of 10% FBS

medium with two 5mm punched pieces of joint capsule tissue. '*' represents p value of <0.02, '*'

represent p value of <0.008 by a two sided student t test.

The results seen in figure 6 show the same trends as the results seen in figure 5. This

would i ndicate t hat t here i s n o n eed t o i ncrease t he n umber o f p ieces o f j oint c apsule

tissue used in the co-culture experiment. The differences seen in these results as

compared to the results seen in figure one and two could be due to differences in joint

capsule tissue structure or variations from animal to animal.

4.5 Dead joint capsule tissue co-culture

The next goal was to determine whether or not the same patterns would be seen if dead

joint capsule tissue was co-cultured with articular cartilage. If the same patterns were

seen with dead joint capsule tissue, it would suggest that whatever is responsible for the
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GAG loss and the decrease in biosynthesis is not released by a cellular response. It

would also mean that it would be possible to harvest joint capsule tissue and then freeze it

for use in later experiments.

4.5.1 Methods

Joint capsule tissue was harvested as previously described and was punched using a 3mm

dermal punch. These joint capsule tissue pieces were placed in a conical tube and frozen

in the -80' C freezer for at least three days. The tissue was then thawed in a 370 C water

bath. C artilage w as h arvested a s and a llowed t o e quilibrate a s d escribed a bove. T he

thawed pieces of joint capsule tissue were cultured in lml of medium along with articular

cartilage. Cartilage plugs were incubated in 0.5ml of 10% FBS medium for this

experiment. N=6. The groups for this experiment were:

1) Control

2) Injury

3) Dead joint capsule tissue co-culture

4) Dead joint capsule tissue co-culture + Injury

A follow up experiment was done to compare GAG loss of dead joint capsule tissue co-

culture, live joint capsule tissue co-culture and joint capsule tissue conditioned medium.

For this experiment c artilage plugs were incubated in 1ml of 10% F BS m edium for 3

days after intervention. All plugs were matched for location and N=5.
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1) Control

2) Live joint capsule tissue co-culture

3) Dead joint capsule tissue co-culture

4) Joint capsule tissue conditioned medium.

4.5.2 Results

Figure 7 shows GAG loss as a result of co-culturing injured and uninjured cartilage with

a 3mm punched piece of dead joint capsule tissue.
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Figure 7: GAG loss for injured and uninjured cartilage cultured with and without a 3mnm punched piece of

dead joint capsule tissue for four days. '**' indicates p value <0.02 by a two sided student t test.

Once again, the GAG loss results are similar to those seen in the previous experiments,

with no significant difference seen between injured and uninjured cartilage that was co-

cultured with the dead joint capsule tissue.
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Figure 8 shows sulfate incorporation for the same experiment.
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Figure 8: Sulfate incorporation for injured and uninjured cartilage cultured with and without a 3mn

punched piece of dead joint capsule tissue for four days. Joint capsule tissue was killed by being frozen in

a -8 0 ' C freezer for three days. '*' indicates p value of <0.05 and '**' indicates p value of 0.002 by a

two sided student t test.

Figure 8 shows that there is still a dramatic decrease in radiolabel incorporation. This

indicates t hat t he t issue does n ot n eed t o b e a live t o r elease t he f actor t hat c auses t he

decrease in biosynthesis levels or because it was killed by being frozen, the cell

membranes ruptured and are releasing other factors into the medium which are causing a

decrease in biosynthesis.

Figure 9 shows GAG loss for cartilage cultured without joint capsule tissue, cartilage co-

cultured with live joint capsule tissue or dead joint capsule tissue, and cartilage cultured

in joint capsule tissue conditioned medium for three days.
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Figure 9: Direct comparison of GAG loss for cartilage cultured without joint capsule tissue, co-cultured

with live joint capsule tissue or dead joint capsule tissue, and cartilage cultured in joint capsule tissue

conditioned medium. Cartilage was allowed to equilibrate for three days before intervention and was

cultured an additional three days after intervention. ' **' represents a p value of <0.005 by a two sided

student t test.

Figure 9 shows a significant increase in GAG loss in the dead joint capsule tissue co-

culture and the joint capsule tissue conditioned medium. This result is different than the

results in figure 7 and could be due to differences in the joint capsule tissue composition

or the amount of damage that was done to the cell membranes of the joint capsule tissue

when it was killed.

4.6 Direct comparison of joint capsule co-culture and conditioned medium

Because all of the previous experiments had been done with either the co-culture system

or using conditioned medium, it was important to do an experiment that did a direct
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comparison of the co-culture model and the conditioned medium model in order to

determine which trends were the same and which were different.

4.6.1 Methods

Joint capsule tissue was punched to obtain 3mm punched pieces of joint capsule tissue.

One piece of joint capsule tissue was incubated in one milliliter of medium for four days.

Joint capsule tissue conditioned medium was then pooled together, supplemented with

ascorbate and lml of medium was transferred to wells in a culture plate. Fresh 10% FBS

medium was added to the other wells of the culture plate and the same pieces of joint

capsule tissue which had been used to condition the medium were placed into those

wells. There was one piece of joint capsule tissue per well. Cartilage w as either left

alone or injured to 50% strain as previously described. All plugs were matched for

location across the four conditions. After four days of culture in either conditioned

medium or with joint capsule tissue, cartilage plugs were radiolabeled 3 5S-sulfate and

GAG loss was measured. N= 6 for this experiment. The conditions for this experiment

were:

1) Joint capsule tissue co-culture

2) Joint capsule tissue co-culture + injury

3) Joint capsule tissue conditioned medium

4) Joint capsule tissue conditioned medium + injury
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4.6.2 Results

Figure 10 shows a comparison of GAG loss from cartilage cultured in conditioned

medium and cartilage co-cultured with joint capsule tissue.

GAG Loss

70

60

.2 50
0.

R2 40

0
10

0

10

0

F**

JCTCC JCTCC+Inj

Mean ± SEM
N=6

JCTCM JCTCM+Inj

Figure 10: Comparison of GAG loss for injured and uninjured cartilage cultured with joint capsule tissue

and cartilage cultured in joint capsule tissue conditioned medium. Cartilage cultured for four days under

these conditions. '*' represents p<0.05, '**' represents p<0.001 by a two sided student t test.

Figure 10 shows that there is a significant increase in GAG loss when cartilage is injured

in the co-culture system and no difference in the conditioned medium system. It is also

interesting to note that the uninjured levels of GAG loss in the conditioned medium

system are a lmost as high a s the injured levels o f GAG loss in the c o-culture system.

Figure 11 shows sulfate incorporation for the same experiment.
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Figure 11: Comparison of sulfate incorporation for injured and uninjured cartilage cultured with joint

capsule tissue and cartilage cultured in joint capsule tissue conditioned medium. Cartilage cultured for four

days under these conditions. '**' indicates p value of <0.01 by a two sided student t test.

There is no significant difference in sulfate incorporation for conditioned medium and co-

culture without injury and conditioned medium and co-culture with injury which means

that if the only measurement one is interested in is radiolabel incorporation, it really

doesn't make any difference whether one uses conditioned medium or co-culture to run

the e xperiment. F rom figures 1 0 and 11 i t a ppears t hat o nce again in t he c o-culture

system a significant increase in GAG loss with injury is associated with an increase in

sulfate incorporation.

4.7 Joint capsule tissue co-culture with joint capsule tissue cultured alone control

During one of the conditioned medium experiments it was discovered that the joint

capsule tissue itself releases GAG into the medium and this amount is not always

insignificant. In some cases it can account for as much as a third of the total GAG lost.
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In the conditioned medium model, a sample of conditioned medium can be saved and the

GAG in it can be measured so as to figure out how much GAG belongs to the cartilage

and how much belongs to the joint capsule tissue. In the co-culture system, this becomes

more difficult because both the cartilage and the joint capsule tissue are cultured together

in the same well and there is no way to account for how much GAG comes from the joint

capsule tissue and how much GAG comes from the cartilage. The goal of this

experiment was to try using a piece of joint capsule tissue cultured alone as a control for

the GAG lost by the joint capsule tissue.

4.7.1 Methods

Cartilage and joint capsule tissue were harvested in the usual manner. Joint capsule

tissue was punched to form 5mm pieces. Both cartilage and joint capsule tissue were

matched for location across the different conditions. They were both allowed to

equilibrate for three days prior to intervention. After intervention they were incubated in

Iml of 10% FBS medium for three days at which time the medium was changed and

GAG loss was measured. They were then allowed to incubate for an additional 3 days

after which GAG loss was measured a second time. The groups for this experiment were:

1) Cartilage alone

2) Joint capsule tissue alone

3) Joint capsule tissue + cartilage

4) Injured cartilage alone

5) Injured cartilage + joint capsule tissue
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4.7.2 Results

Figure 12 shows GAG loss for the first three days after intervention.
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Figure 12: GAG loss for injured and uninjured cartilage cultured with and without a 5mm punched piece of

joint capsule tissue and joint capsule tissue cultured alone for days 1-3 after intervention. The two bars on

right are the mathematical sum of the experimental results on the left for cartilage cultured alone + joint

capsule tissue cultured alone, and injured cartilage cultured alone + joint capsule tissue cultured alone.

represents p value of <0.04, '**' represents p value of <0.004.

For the first three days after intervention, it appears that there must be some interaction

between the joint capsule tissue and the cartilage that causes inhibition of GAG loss in

one or both of the tissues. If there were no interaction at all, we would expect the

cartilage plus joint capsule tissue group and the injury plus joint capsule tissue group to

be higher as can be seen on the right. Instead, they appear to be at about the same level

as the cartilage that is cultured alone -1.5 to 2 pg higher.

Figure 13 shows GAG loss for days 4-6 after intervention.
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Figure 13: GAG loss for injured and uninjured cartilage cultured with and without a 5mm punched piece of

joint capsule tissue and joint capsule tissue cultured alone for days 4-6 after intervention. The two bars on

right are the mathematical sum of the experimental results on the left for cartilage cultured alone + joint

capsule tissue cultured alone, and injured cartilage cultured alone + joint capsule tissue cultured alone.

represents p value of <0.03.

Figure 13 shows the same trends as in figure 12 except for this time it appears that the

wells that have cartilage co-cultured with joint capsule tissue actually has less GAG loss

than the cartilage cultured alone. While the GAG loss is practically equivalent, it is

surprising to see that it is slightly less by about 1 gg in figure 13 whereas it had been

slightly higher by about 1.5-2 pg in figure 12. Granted these differences are really too

small to mean something without more repeats of the experiment, however, if they hold

up in multiple repeats, it would mean that the joint capsule tissue and the cartilage

interact in a way that inhibits GAG loss.
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Figure 14 shows the combined GAG loss for days 1-3 and 4-6 after intervention.

GAG Loss
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Figure 14: GAG loss for injured and uninjured cartilage cultured with and without a 5mm punched piece of

joint capsule tissue and joint capsule tissue cultured alone for days 1-6 after intervention. The two bars on

right are the mathematical sum of the experimental results on the left for cartilage cultured alone + joint

capsule tissue cultured alone, and injured cartilage cultured alone + joint capsule tissue cultured alone. The

lighter bars on the bottom are the results for days 1-3 and the darker bars on top are the results for days 4-6.

' represents p value of <0.02, '**' represents p value of <0.003.

Figure 14 shows that the cumulative GAG loss for cartilage cultured alone and the co-

culture system ends up being the same over six days. This is surprising since the joint

capsule tissue cultured alone lost on average about 8 tg of GAG in those six days. If the

two tissues were not interacting with each other to inhibit GAG loss in some way, the co-

culture system should have had significantly higher GAG loss than the cartilage cultured

alone.

104

60

50

0
c. 40

0

020

10

0

I**



4.8 Discussion and Conclusions

The results for section 4.3 do not definitively say whether or not one should use a 3mm

punched piece of joint capsule tissue or a 5mm punched piece of joint capsule tissue. It

appears that depending on what outcome measures one is interested in, either one may be

preferable. If one is interested in trying to obtain more GAG loss after injury, the 5mm

co-culture system is preferable however the results using the 5mm co-culture system are

more variable from experiment to experiment although there are only a limited number of

outcomes which are seen. On the other hand, using a 3mm punched piece of joint

capsule tissue gives much more consistent results although they rarely include the large

increase in GAG loss with injury. The 3mm punched pieces probably yield more

consistent results because they are more tightly grouped as far as where they were

harvested in the joint and therefore are more consistent in structure and thickness giving

more consistent results with tighter error bars. Often, all of the joint capsule tissue

harvested is used when using the 5mm punch whereas only a small portion of the joint

capsule tissue is used when using the 3mm punch.

Another good piece of information is that adding an additional piece of joint capsule

tissue to the well does not affect the results and so there is no need to use a larger piece of

tissue than the 5mm punched piece.

The co-culturing dead joint capsule tissue should not be considered a viable alternative to

using live tissue because its results looked more similar to the results of the conditioned
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medium model. Also, there is no way to be certain that the decreases seen in radiolabel

incorporation are not due to other factors released from damaged cell walls as a result of

freezing the tissue.

It appears that the majority of the GAG loss is seen during the first three days after

harvest and there is no reason to go out to four days or longer. From the last experiment

it looks like the same amount of GAG loss was seen no matter what the conditions were

for days 4-6 so there is no need go longer than three days although going longer did not

affect the trends seen.

Experiment 4.7 showed that it was good to have joint capsule tissue cultured alone as a

control for GAG loss. If radiolabel incorporation is done on joint capsule tissue

conditioned medium in the future, it will also serve as a useful control for that. By

having the joint capsule tissue as a control it showed that there must be some kind of

tissue-tissue interaction going on. A follow up to experiment 4.7 might want to look at

GAG loss days 7-9 after intervention as it would be interesting to see if the amount of

GAG loss in the co-culture wells continued to decrease and if that decrease would

become statistically significant. If it did, it would show that there is some inhibitory

response due to the interaction of the two tissues.

The results in this chapter also confirm that there are some differences in the results seen

with the co-culture system as opposed to the conditioned medium system. The most

striking difference is the difference in the amount of GAG measured in the medium. In
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the co-culture system, the GAG loss tends to be the same whether or not joint capsule

tissue is present in the medium. The exception appears to be when something triggers an

increase in sulfate incorporation and there is a large increase in GAG loss to the medium.

In the co-culture system a significant increase in GAG loss is often seen with injury over

uninjured cartilage co-cultured with joint capsule tissue. Although there is rarely any

difference statistically between the two different injured groups, there is usually no

difference statistically for the GAG loss measured injured and uninjured cartilage

cultured in conditioned medium. These results as well as the results presented in section

4.7 indicate that there is some interaction between the joint capsule tissue and the

cartilage that is affecting GAG loss. An interesting follow up to this might be to do co-

culture experiment using cyclohexamide to block the cellular response of both tissues and

compare the results to the previous co-culture and conditioned medium experiments.

Another result that should be investigated further is what is responsible for the increase in

sulfate incorporation after injury. While this increase was not always statistically

significant, the trend was seen in many of the co-culture experiments and a few of the

conditioned medium experiments. It would be interesting to see if it had something to do

with the location either tissue was harvested from or the amount of damage received from

the injury.

In future experiments involving the co-culture system and radiolabel incorporation, it

would be a good idea to radiolabel joint capsule tissue as well as cartilage to get an idea

of what is happening with regards to biosynthesis and proteoglycan synthesis in the joint
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capsule tissue itself. It would be interesting to see if these levels also fall or increase

depending on the conditions.

Total GAG for the cartilage should also be measured to determine if all of the extra GAG

that is being made is being released into the medium or is staying in the tissue.

Because it appears that there is some kind of interaction between the two tissues, the joint

capsule tissue co-culture model and the joint capsule tissue conditioned medium model

should be treated as two different models and should not be assumed to be the same. The

differences in the two models may be unimportant for some experiments yet important in

others. The model used should be picked based on what outcome measures are going to

be used and what the experiment is trying to test.
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Chapter 5: Joint Capsule Tissue Characterization

5.1 Background

It had been previously assumed that all GAG loss found in joint capsule tissue

conditioned medium experiments and joint capsule tissue co-culture e xperiments came

from the cartilage. However, while doing the experiments documented in chapter 3 it

was found that the joint capsule tissue conditioned medium contained a significant

amount of GAG before any cartilage had been cultured in it. This meant that the joint

capsule tissue contributed to the GAG that was measured. It was also observed while

harvesting the joint capsule tissue, the medial side capsule tissue was much smaller and

much more elastic than the joint capsule tissue on the lateral side. The lateral side

capsule tissue was about twice as large and, structurally, it resembled ligament tissue as

well as the more elastic membranous joint capsule tissue found on the medial side of the

joint. This meant that the lateral side was much easier to punch than the medial side and,

therefore, was used more often in experiments. This chapter examines the mechanism of

GAG loss from the joint capsule tissue, total GAG of the tissue as well as the correlation

of GAG loss, total GAG, total DNA, location, and size to the wet weight of the tissue.

5.2 GAG loss measured in conditioned medium

While doing the experiments found in chapter three, it was discovered that joint capsule

tissue itself loses a significant amount of GAG into the medium. This section looks at the

amount of GAG that was measured in a variety of conditioned medium samples that had
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been saved. Unfortunately, there is no way to match the samples to the experiment they

were used with.

5.2.1 Methods

Left over joint capsule tissue conditioned medium that had been conditioned for varying

numbers of days and by different sizes of joint capsule tissue had been left in the

incubator for use with future experiments. Three aliquots were taken from each of these

conditioned medium samples and the GAG in the medium was measured by DMMB

assay.

5.2.2 Results

Figure 1 shows the GAG that was measured in the various conditioned medium samples

as well as how long each sample was conditioned, unless otherwise stated the

concentration was one 3mm piece of joint capsule tissue per milliliter of 10% FBS

medium.
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GAG Loss from Joint Capsule Tissue to Medium
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Figure 1: GAG measured in left over medium samples that had been stored in the incubator. Three aliquots

were taken from each medium sample and GAG was measured for those aliquots. The average GAG loss

is an average of the GAG measured in all of the different conditioned medium samples.

Figure 1 shows that there is a substantial amount of GAG that is lost to the medium by

the joint capsule tissue. The values range from 9 gg per piece of joint capsule tissue to as

much as 17 pg with the average being around 12 pg. In most of the conditioned medium

and co-culture experiments, the GAG loss for the control cartilage was about 30 gg and

uninjured cartilage cultured in joint capsule tissue conditioned medium was about 40 pg.

This means that the joint capsule tissue could be responsible for a quarter to a third of the

GAG that is being measured in each well. As was stated in chapter three, this means that

samples of conditioned medium need to be saved so that the GAG lost by the joint

capsule tissue can be subtracted from the GAG lost by the joint capsule tissue.
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5.3 GAG loss vs. Wet Weight

In order to have a better idea of how much GAG was being lost into the medium and if

there was any correlation between that amount and the size, location and wet weight of

the joint capsule tissue an experiment was done that recorded that information as well as

measured GAG loss after 24 hours, 48 hours, 72 hours and 144 hours.

5.3.1 Methods

Joint capsule tissue was harvested in the usual manner from three separate joints. This

time the medial side and the lateral side were kept separated and six 3mm punched pieces

were taken from the medial side and the lateral side. An additional six 5mm punches

were taken from the lateral side. Wet weight of all joint capsule tissue pieces was

measured. Each piece of joint capsule tissue was then placed in .5ml of 10% FBS

medium for culture. After 24 hours, 48 hours, 72 hours and 144 hours the medium was

changed and the GAG loss was measured.

5.3.2 Results

The results presented in this section are presented as an average of 6 samples from each

of three joints. The data was also analyzed for each joint individually and while the

values varied some, the trends were all the same and the differences were small.

Appendix B contains the plots which break the data down by individual joints as well as

additional GAG loss vs. wet weight plots for each of the days.
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5.3.2.1 GAG loss vs. Location and Punch Size

Figure 2 shows GAG loss for the first 24 hours, 24-48 hours, 48-72 hours and 72-144

hours as well as the total GAG loss based on the location of harvest and punch size.

GAG Loss

35

30

R 25
E.
0)20

15
-j

EO M 3mm Mean +/- SEM
EL3mm N=18
O L 5mm

0

Day 1 Day 2 Day 3 Days 4-6 Total GAG
Loss

Figure 2: GAG loss as a function of time and location. All results p<0.02 by a two

except for the difference between the M 3mm and L 3mm for the Day 2 time point.

sided student t test

Figure 2 shows that there is a significant difference in GAG loss at each time point for

the different locations and punch sizes. The only non significant difference was for the

day 2 time point when there wasn't a significant difference between the GAG loss for the

Medial 3mm piece and the Lateral 3mm piece.

Figure 3 also shows GAG loss as a function of location and time.
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Figure 3: GAG loss as a function of time and location.

Figure 3 shows that GAG loss is pretty much constant for the first three days after harvest

and then appears to taper off for the last three days with the cumulative GAG loss being

similar to that seen for the first three days. Because GAG loss appears to be fairly

constant, this would be consistent with the GAG being lost by diffusion as opposed to

some other mechanism which might result in a spike in GAG loss for one of the days.

5.3.2.2 GAG loss vs. Wet Weight

Figure 4 shows total GAG loss over the 6 days as a function of the tissues wet weight. It

has been fit with a best fit line.
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Total GAG Loss (6 days) vs. Wet Weight
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Figure 4: GAG loss over six days as a function of wet weight. Data fit by a linear regression. It is

important to note that the line does not go through zero and can not be taken as an accurate predictor of

GAG loss for tissue weighting less than 8mg.

Figure 4 shows that the total GAG loss increases linearly as the wet weight of the tissue

increases. It is important to note that the best fit line does not go through zero as the best

fit line that went through zero underestimated the GAG loss of the lower weight pieces of

tissue. This plot indicates that in general it is the tissue weight that determines how much

GAG is lost to the medium. It also shows that as the wet weight of the tissue increases,

so does the variability in the amount of GAG that is lost. Using smaller pieces of tissue

will decrease this variability and yield more consistent GAG loss results.

5.3.2.3 Wet Weight vs. Location and Punch Size

Figure 5 shows joint capsule tissue wet weight based on location of harvest and punch

size.
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JCT Average Wet Weight
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Figure 5: Joint capsule tissue average wet weight based on location and punch size. '**' represents p value

of <0.0007.

Figure 5 shows that the medial side has the lowest wet weight and the lateral side has the

largest wet weight. This is most likely due to the differences in structure between the two

sides. The 5mm punch is about 2.5 times as heavy as the 3mm punch for the lateral side

which is what is expected based on the difference in volume of the pieces.

5.4 Total GAG, DNA and wet weight of joint capsule tissue and cartilage

Since little was known about how much total GAG was in joint capsule tissue as well as

how that compared to cartilage, an experiment was done to look at the relative wet

weights and amounts of GAG and DNA in joint capsule tissue and cartilage. At the same

time it was possible to look at what effect location and size had on these parameters for

joint capsule tissue.
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5.4.1 Methods

Joint capsule tissue and c artilage w ere harvested in the usual manner from two joints.

Cartilage was sliced to form 1mm thick slices and punched with a 3mm dermal punch.

The location of each slice was recorded as well as its thickness and wet weight. Cartilage

plugs were digested in 1ml of proteinase K for two days in a 60' C water bath. Joint

capsule tissue location was also recorded. Four 3mm punches were taken from the

medial side of each joint. Four 3mm punches and four 5 mm punches were taken from

the lateral side of each joint. Wet weight was measured and the joint capsule tissue was

digested in proteinase K at a concentration that was 10 X the concentration used for the

cartilage. After the joint capsule tissue and the cartilage were fully digested, total GAG

and total DNA were measured. See Appendix D for more detail on how to perform GAG

assays and DNA assays.

5.4.2 Results

The data in this section came from combining the results from two different cows.

Twelve samples were taken from each cow. The joint capsule tissue results are presented

for each individual joint. The cartilage results are presented as an average of the two

joints as there was very little variation between the two joints and the number of samples

from the lateral side was two small to do any kind of statistical comparison.

5.4.2.1 Joint Capsule Tissue Results

Figure 6 shows joint capsule tissue total GAG vs. total DNA.
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JCT Total GAG vs. Total DNA

y = 28.473Ln(x) - 36.082
R 2 = 0.8957 +

100

90

80

70

60

50

40

30

20-

10-

0
30 40 50 60 70 80

Total DNA (ug)

Figure 6: Joint capsule tissue total GAG plotted as a function of

fit with a logarithmic approximation.

total DNA. Results are

Figure 6 shows that although a logarithmic approximation gave the best fit for all of the

data, the total GAG appears to vary linearly for lower amounts of total DNA and then

remain constant for higher values. The total GAG appears to top off at around 90pg.

Figure 7 shows joint capsule tissue total GAG as a function of wet weight.
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JCT Total GAG vs. Wet Weight

y = 40.223Ln(x) + 199.13
R= 0.9368
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Figure 7: Joint capsule tissue total GAG as a function of wet weight fit with a logarithmic best fit

approximation.

Figure 7 shows that the total GAG appears to vary logarithmically with the wet weight of

the tissue and once again top off at around 90pg for the highest wet weight samples.

Figure 8 shows joint capsule tissue total DNA as a function of the wet weight.
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JCT Total DNA vs. Wet Weight
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Figure 8: Joint capsule total DNA as a function of wet weight. Data is fit with the best fit linear

approximation.

Figure 8 shows that the total DNA varies linearly with the wet weight of the sample.

Figure 9 shows joint capsule tissue average total DNA by location and size.
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Figure 9: Joint capsule tissue total DNA by location and size. All differences are significant p<0.05 by a

two sided student t test except for the difference in Total DNA for the 5mm lateral samples for joints 1 and

joints 2.

Figure 9 shows that there is a significant increase in total DNA on the lateral side of the

joint as compared to the medial side of the joint with the lateral side having about twice

the amount of DNA as the medial. It also shows that there can be significant differences

in the total DNA from joint to joint so a one size fits all approximation for every joint

may not be possible.

Figure 10 shows joint capsule tissue total GAG by location and size.
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Total GAG by Location and Size
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Figure 10: Joint capsule tissue total GAG as a function of location and size. All differences within

individual joints are significant as well as the difference in total GAG for the 3mm Medial samples from

joint 1 to joint 2. p<0.0I by a two sided student t test.

Figure 10 shows that there are even more significant differences in total GAG based on

where the tissue is harvested from. The lateral side has as much as three times the

amount of GAG that the medial side has and these values can vary greatly between joints,

-2x for the medial side.

Figure 11 shows wet weight by location and size.
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Figure 11: Wet weight as a function of location and size. There are no significant differences from joint to

joint.

Figure 11 shows that the wet weight of the tissue appears to remain fairly constant from

joint to joint and that the variation from the medial side of the joint to the lateral side of

the joint is much smaller than for total GAG and total DNA.

Table 1 shows average wet weight, total GAG and total DNA by size and location for the

two joints.

Table 1: Average wet weight, total GAG and total DNA by size and location
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Medial 3mm Lateral 3mm Lateral 5mm

Wet Weight 12.2 mg 16.8 mg 57.3 mg

Total GAG 16.4 ptg 39.6 tg 82.4 pg

Total DNA 7.9 gg 18 pg 53.5 pg



5.4.2.2 Cartilage Results

Figure 12 shows cartilage total GAG as a function of total DNA.

Cartilage Total Gag vs. Total DNA
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Figure 12: Cartilage total GAG as a function of total DNA

Figure 12 shows that unlike the joint capsule tissue, total GAG in the tissue appears to

remain constant at around 500pg despite variations in the amount of total DNA.

Figure 13 shows cartilage total GAG as a function of its wet weight.
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Cartilage Total GAG vs. Wet Weight
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Figure 13: Cartilage total GAG as a function of wet weight

Similar to the results for figure 12, it appears from figure 13 that the wet weight of the

tissue does not affect the amount of total GAG.

Figure 14 shows total DNA vs. wet weight.

Cartilage Total DNA vs. Wet Weight
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Figure 14: Cartilage total DNA vs. Wet Weight
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Similar to the results in figures 12 and 13, figure 14 shows that the amount of total DNA

does not appear to depend on the wet weight of the tissue.

Figure 15 shows cartilage wet weight normalized to the volume of the tissue.

Cartilage Wet Weight Normalized to Volume
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Figure 15: Cartilage wet weight normalized to volume. Results are presented as the average of data

collected from two joints.

Figure 15 shows that the average wet weight remains constant from the medial to the

lateral side of the joint.

Figure 16 shows cartilage total GAG normalized to volume for the medial and lateral side

of the joint.
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Cartilage Total GAG Normalized to Volume
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Figure 16: Cartilage total GAG for the medial and lateral side of the joint normalized to volume. Results

are presented as the average of data taken from two joints.

Figure 16 shows that total GAG does not appear to vary from the medial side of the joint

to the lateral side of the joint.

Figure 17 shows cartilage total DNA normalized to volume.
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Cartilage Total DNA Normalized to Volume
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Figure 17: Cartilage total DNA for the medial and lateral side of the joint normalized to volume. Results

are presented as the average of data taken from two joints. '*' represents p value of <0.05.

Figure 17 shows that the lateral side appears to have less total DNA/volume than the

medial side of the joint.

Table 2 shows the average wet weight, total DNA and total GAG for the cartilage plugs.

Table 2: Average wet weight, total DNA, and Total GAG
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Wet Weight 8.4 mg

Total DNA 4.8 ptg

Total GAG 530 ptg
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5.4.2.3 Comparison of Results

Table 3 shows the data from tables 1 and 2 combined.

Table 3: Average wet weight, total DNA, and Total GAG

Cartilage Medial 3mm Lateral 3mm Lateral 5mm

Wet Weight 8.4 mg 12.2 mg 16.8 mg 57.3 mg

Total DNA 4.8 pg 7.9 jig 18 pg 53.5 pg

Total GAG 530 pg 16.4 jig 39.6 jig 82.4 pg

Table 4 shows the average values

values of the joint capsule tissue.

for the joint capsule tissue divided by the average

Table 4: Average JCT values/Average Cartilage Values

Medial 3mm Lateral 3mm Lateral 5mm

Wet Weight 1.5 2 6.8

Total DNA 1.6 3.75 11.1

Total GAG 0.03 0.07 .16

Tables 3 and 4 show that joint capsule tissue has

lot less total GAG than the cartilage.

higher wet weight and total DNA but a

5.5 Superose 6 column fractionation

Because joint capsule tissue was known to contain small leucine rich proteoglycans such

as decorin and fibromodulin,1 3 it was thought that it might be possible to separate out the

GAG that was lost by the joint capsule tissue from the GAG that was lost by the cartilage.
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If this was not possible running samples through the superose 6 column would at least

provide information about the relative size of the proteoglycans.

5.5.1 Methods

Medium was conditioned by joint capsule tissue and cartilage as previously described in

chapter 3. This conditioned medium was frozen, lyophilized and reconstituted in 2ml of

ammonium acetate running buffer. The reconstituted samples were sterile filtered through

a 0.2[tm syringe filter. 250 pl of the filtered samples were then run individually on a

Superose 6 column at a rate of 0.5ml/min. Fractions were collected every minute and

GAG was measured by DMMB assay. Cartilage and joint capsule tissue extracts were

prepared by freezing the tissue (3mm punched pieces) in the minus 800 C freezer and

then w ere c rushed t o c reate a fine p owder u sing t he p ulverizer u sed f or p reparing t he

PCR samples. Liquid nitrogen was used to keep the pulverizer and the samples cool

during this process. An equal wet weight of each tissue was powdered. The

proteoglycans were extracted using a guanidine extraction with protease inhibitors, after

the extraction was complete, they were ethanol precipitated at -20' C overnight, spun for

20min, and dried. See appendix D for more details. The dried precipitate was separated

into two samples. The samples that were to be run down the Superose 6 column were

reconstituted in 250pl of ammonium acetate running buffer and run individually down

the c olumn. F ractions w ere c ollected a t t he s ame r ate a s f or t he c onditioned m edium

samples. 200 pg of pure aggregan was run down the column to calibrate the column and

to determine which fraction would contain it.
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5.5.2 Results

Figure 18 shows the results of fractionating tissue extracts, conditioned medium and

aggrecan using a Superose 6 column.

Superose 6 Column Fractions

Cart. Extracts

u-JCT Extracts

CCM

JCTCM

-+-Aggrecan

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

Fraction Number

Figure18: GAG content of Superose 6 column fractions for cartilage and joint capsule tissue extracts and

conditioned medium samples as well as pure aggrecan. Y axis has no meaning as all measurements were

taken at different concentrations.

Figure 1 8 s hows t hat a11 o f t he fractions p eaked a t fraction 1 5 i ncluding t he a ggrecan

fractions. This would indicate that Aggrecan or another large proteoglycan is being

released from the joint capsule tissue. Another interesting thing is that there is a wide

peak for the cartilage extract that extends from fraction 29-37. Appendix B contains a

plot in which this peak is more visible. Figure 18 also shows that it will be impossible
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separate the GAG released by the joint capsule tissue from the GAG released by the

cartilage using any kind of size filtration.

5.6 Western Analysis

Because all of the peaks for the joint capsule tissue samples run down the Superose 6

column h ad a p eak w here a ggrecan c ame o ut, i t w as i mportant t o d etermine i f i t w as

aggrecan that was being released or another large proteoglycan that was about the same

size. One definitive way to determine whether or not aggrecan was being released was to

run a western blot and probe with the anti-GI antibody as it ought to pick up any

aggrecan fragments that might be in the tissue.

5.6.1 Methods

Tissue extracts were prepared using the same method as for the Superose 6 column.

Once the ethanol precipitated samples had dried they were digested with protease-free

chondroitinase ABC for two hours and keratanase II and endo-B-galactosidase for four

more hours. These samples were then dried and resuspended in sample buffer and run on

a 4-15% gradient Tris-HCL gel from BioRad. The proteins were then transferred to a

nitrocellulose membrane and probed with an anti-Gi antibody.

5.6.2 Results

Figure 19 shows the results of the Western Blot with the anti-G1 antibody.
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Figure 19: Western blot with anti-Gi antibody. First lane is standards, the second lane is joint capsule

tissue extracts, the third lane is cartilage extracts and the last 2 lanes are medium samples obtained from a

joint capsule tissue and cartilage co-culture experiment done by Jenny Lee.

Figure 19 shows that there are two faint bands in the joint capsule tissue extract lane at

200 KD, and between 60-80 KD. These two bands match up well with two of the bands

seen in the lanes that are medium from a JCT and cartilage co-culture experiment done

by Jenny Lee. These two bands indicate that there are aggrecan fragments in the tissue

extract which means that the peak seen in the superose 6 column fractions is most likely

aggrecan. The western should be repeated using a higher concentration of tissue in order

to get verify the result seen in figure 19.

5.7 Discussion and Conclusions

It was surprising to discover that the average amount of GAG loss to the conditioned

medium samples that were saved was 12 jig/plug. This is not an insignificant amount of
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GAG that can be neglected as it can account for as much as a third of the total GAG loss

that is measured in an experiment.

It was not surprising that the medial side loss less GAG than the lateral side because it

was thinner than the lateral side and lacked the structural integrity of the lateral side. The

structure of the joint capsule tissue on the lateral side looked more like a flattened

ligament, whereas the medial side bore more resemblance to a thick membrane.

GAG loss was pretty much constant for the first three days after harvest and then

decreased for the last three days. This indicates that the GAG is probably lost through

diffusion and there is no need to worry about a spike in GAG loss on a certain day when

collecting conditioned medium samples. GAG loss also appeared to be linearly

proportional to wet weight which would indicate that it may be possible to guess the

amount of GAG that a given piece of joint capsule tissue will lose based on its wet

weight.

There appears to be an upper limit of ~90 pig for the amount of total GAG found in the

pieces of joint capsule tissue. Because of this upper limit, a logarithmic equation

provided the best fit for the relationship of total GAG to DNA and wet weight. However,

it appeared that for lower amounts of DNA and to a lesser extent wet weight, that there

was a linear relationship.
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Because total GAG of joint capsule tissue appeared to vary from side to side and joint to

joint, a one size fit all approximation will probably not work. Instead, it is probably

preferable to develop some kind of control as was discussed in chapters three and four.

While total GAG in joint capsule tissue appeared to vary as a function of DNA and wet

weight, the total GAG in cartilage appeared to remain constant for varying wet weights

and amounts of total DNA. It is important to note though that the variations in wet

weight for cartilage were very small compared to the variations seen for joint capsule

tissue as it was only punched with a 3mm punch. It is possible that there might be some

kind of relationship over a larger range of wet weights or that it might solely be

dependent on the size punch that is being used.

Total GAG for cartilage as well as wet weight appeared to be constant from the medial to

the lateral side of the femoropatellar groove. It was surprising though that the lateral side

appeared to have less DNA than the medial side. It is unknown why this might be and

more experiments would have to be done to make sure that this result holds up over more

joints with a larger N.

Overall the results of sections 5.2, 5.3 and 5.4 showed that the GAG loss and amounts of

GAG in the joint capsule tissue are not as unpredictable as they first appeared because

there were definite relationships between wet weight, total GAG and total DNA. While

the results were not totally unpredictable, they reiterated the need for keeping controls to
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account for joint capsule tissue GAG loss in future conditioned medium and co-culture

experiments.

The results that were surprising were the results of the Superose 6 column and the

western blot. As was stated earlier, it was expected that the joint capsule tissue

conditioned medium and the joint capsule tissue extracts would have peaks that

corresponded to lower molecular weight proteoglycans such as decorin and fibromodulin

since it was known to contain those proteoglycans. Instead, the peaks for both samples

lined up perfectly with the peak for pure aggrecan, the cartilage tissue extract and

cartilage conditioned medium. As a follow up to that, the western was run with the GI

antibody in hopes of determining whether or not aggrecan was present in the joint capsule

tissue. A lthough t he r esults o f t he g el a re v ery f aint, t hey i ndicate t hat t here i s s ome

aggrecan present in the joint capsule tissue. Another western should be done with a

higher concentration of joint capsule tissue extract to make sure that the bands get darker

and see if any other bands appear. It might also be good to repeat the gel and use other

antibodies to look for other aggrecan fragments.

After reviewing the literature, it appears that it is not unreasonable for joint capsule tissue

to contain aggrecan although this has not been shown before. More experiments would

need to be done to show that aggrecan really is present in the tissue.

Joint capsule tissue is a broad term that applies to all of the tissue that surrounds the joint

cavity. As stated in chapter 1, ligaments are just local thickenings of the joint capsule
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tissue and some even include tendons as part of the capsule, especially the patellar tendon

and the quadriceps tendon.24 This does not seem unreasonable as ligaments have a very

similar structure to tendon except for ligaments have fewer collagen fibers, higher

percentage of proteoglycan matrix and more elastin.1 7

Compressively loaded tendons have been shown to become fibrocartilaginous and

contain aggrecan. ,28,30,31,32 However, this process does not appear to begin until after

birth.5 The bovine deep flexor tendon is an example of a tendon which has been shown

to contain aggrecan.3 1 A version of aggrecan that is missing the GI domain has also been

shown to be present in areas of adult tendon which are in tension.32 Also, ligament was

shown to contain a large unknown proteoglycan capable of forming aggregates with

hyaluronan and decorin like aggrecan can.1 In addition to this, joint capsule has been

shown to become fibrocartilaginous where it attaches to the bone and in regions where it

articulates with the joint.24 Joint capsule tissue in the proximal interphalangeal joint has

also been shown to contain chondroitin 6 sulfate which is associated with aggrecan.15 In

some animals such as the mouse, rat, dog and rabbit, the capsule forms a structure called

the suprapatella which is a thick fibrocartilage that has been shown to contain

aggrecan. 24,28 This suprapatella, which is not present in cows or humans, is located in

approximately the same location as the joint capsule tissue used in the experiments

presented in this chapter and earlier chapters. Combining all of this information together,

it does not seem unreasonable for there to be some aggrecan in the joint capsule tissue as

it is present in similar locations of the capsule in other animals. Also, since tendon,

ligament and capsule appear to be difficult to separate structurally and often combine
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together in the joint to form the capsule, the fact that aggrecan appears in tendon in

tension and compression indicates that it could also be present in the joint capsule even

though it is not necessarily compressively loaded. Finally, since joint capsule tissue

structure has been shown to vary drastically from joint to joint and from location to

location within a joint, it does not seem unreasonable for there to be areas of joint capsule

tissue which contain aggrecan and areas that do not.
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Chapter 6

GAG Loss from Free Swelling and Injured Cartilage

by Location and Depth

6.1 Background and Purpose

The purpose of experiments in this chapter is to characterize the variations in GAG loss

from free swelling and injured cartilage with location and depth in the tissue. Cartilage

was harvested from the femoropatellar groove of 1-2 week old bovine calves, cored, and

then sliced to form 1mm thick slices. Currently the number of slices taken and how deep

those slices are taken from is partly a function of the number of samples needed to

perform a particular experiment or set of experiments. If location and depth do affect the

amount of GAG loss seen after injury or the change in GAG loss with injury, it might

indicate that more care needs to be taken in choosing the location and depth of the

cartilage samples harvested for use in experiments or more care may need to be taken in

selecting which slices to assign to a particular experimental groups in order to ensure

consistent results across a set of experiments.

6.2 Methods

Cartilage was harvested as previously described and was allowed to equilibrate for three

days prior to intervention. One plug from each slice was injured to 50% strain as

previously described and one plug was placed in free swell conditions. Plugs were

cultured in 10% FBS medium for four days. After four days GAG loss was measured.

GAG loss was then correlated to the side of the joint the tissue was harvested on, the
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depth and location on each side of the joint as well as the shape of the plug after injury.

Cartilage explants used in this analysis came from a total of 7 joints.

6.3 Results

For interpreting results by location, L denotes the lateral side of the joint and M denotes

the medial side of the joint. MI denotes the core that was furthest away from the

chondyle with M4, M5, or M6 being the core closest to the chondyle depending on the

size of the joint. The same is true for the lateral side. Top slice indicates the first slice

taken from each core and the 4th slice is the last slice that was taken indicating that it was

closer to the bone.

6.3.1 Free Swell

Figure 1 shows GAG loss of free swelling cartilage based on whether the tissue was

harvested on the lateral or medial side of the joint.
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Figure 1: GAG loss for free swelling cartilage harvested from either the medial or the lateral side of the

joint and cultured in 10% FBS medium for four days. Cartilage was allowed to equilibrate for three days

prior to intervention.

From figure 1 it appears that there is no difference in the GAG lost to the medium if the

cartilage is harvested from the lateral or medial side of the femoropatellar groove.

Figure 2 shows free swelling cartilage GAG loss separated by medial and lateral side as

well as whether the plug was from the first, second, third or fourth slice. The first slice is

the slice closest to the surface.
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Free Swell GAG Loss by Side and Depth
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Figure 2: GAG loss of free swelling cartilage after four days of culture in 10% FBS medium. Results are

separated by the side of the joint the cartilage was harvested on and whether the cartilage came from the

first, second, third or fourth slice.

From figure 2 it also appears that there is no difference in the GAG loss based on the side

or depth of the slice taken. It is important to note for this graph and subsequent graphs

that include depth information that due to variations in cartilage thickness, it is possible

for a second slice to be closer to the bone than a fourth slice.

Figure 3 shows the same data except for separated only by depth.
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Free Swell GAG Loss by Depth
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Figure 3: GAG loss by depth of free swelling cartilage after four days of culture in 10% FBS medium. Top

slice indicates the top most slice taken, with the second, third and fourth slices getting progressively closer

to the bone.

Once again, it appears that there is no difference in free swelling GAG loss based on

depth.

Figure 4 shows GAG loss based on the surface location from which it was harvested. M

and L denote medial and lateral sides and the numbers indicate distance away from the

femur. A one denotes a plug from a core that was taken at the bottom of the

femoropatellar groove and closest to the femur and a four indicates a core that was taken

on the upper portion of the groove or the section closest to the chondyle.
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Free Swell GAG Loss by Location
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Figure 4: GAG loss of free swell cartilage after based on location on the joint. LI indicates the lateral side

furthest from the chondyle and closest to the femur whereas L4 indicates the lateral side and position

closest to the chondyle. The same is true for the medial side. Because of differences in joint size, many

times only three cores were taken from the lateral side and four cores were taken from the medial side.

Figure 4 shows that there does not appear to be any difference in GAG loss based on the

location of harvest. Although L4 is significantly higher than the other bars, there are only

two samples and so it can not be taken as an indication of what would happen if there

were more samples.

6.3.2 Injury

Figure 5 shows GAG loss by side for injured cartilage.
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Injured Cartilage GAG Loss by Side
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Figure 5: GAG loss for injured cartilage harvested from either the medial or the lateral side of the joint and

cultured in 10% FBS medium for four days. Cartilage was allowed to equilibrate for three days prior to

intervention.

The results of figure 5 mirror the results from the free swelling cartilage and show no

difference in GAG loss based on the side of the joint the tissue was harvested from.

Figure 6 breaks down the information further and looks at GAG loss by side and depth of

injured cartilage.
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Injured Cartilage GAG Loss by Side and Depth
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Figure 6: GAG loss of injured cartilage after four days of culture in 10% FBS medium. Results are

separated by the side of the joint the cartilage was harvested on and whether the cartilage came from the

first, second, third or fourth slice.

The results of Figure 6 also mirror the results seen for free swelling cartilage and indicate

that side and depth don't affect the GAG loss seen.

Figure 7 shows GAG loss by depth for injured cartilage.
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Figure 7: GAG loss by depth of injured cartilage after four days of culture in 10% FBS medium. Top slice

indicates the top most slice taken, with the second, third and fourth slices getting progressively closer to the

bone.

Once again, depth does not seem to affect the GAG lost to the medium.

Figure 8 shows GAG loss of injured cartilage by location.
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Injured Cartilage GAG Loss by Location
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Figure 8: GAG loss of injured cartilage after based on location on the joint. Li indicates the lateral side

furthest from the chondyle and closest to the femur whereas L4 indicates the lateral side and position

closest to the chondyle. The same is true for the medial side. Because of differences injoint size, many

times only three cores were taken from the lateral side and four cores were taken from the medial side.

Once again there appears to be no difference in GAG loss based on the location of

harvest.

Figure 9 shows GAG loss based on the shape of the plug after injury. Elliptical denotes

plugs that were deformed after injury and round denotes plugs that retained their shape.
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GAG Loss by Shape
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Figure 9: GAG loss of injured cartilage explants after four days of culture in 10% FBS medium based on

their shape after injurious compression. Elliptical denotes deformation of the cartilage plugs, whereas

round denotes that the plugs kept their original shape.

Figure 9 shows that there is no difference in the amount of GAG lost by plugs that were

deformed during injury and those that weren't although at 50% strain, the majority of the

plugs retained their round shape.

Table 1 shows the percentage of plugs which experienced deformation based on the side

of the joint they were harvested from.

Table 1: Percent of plugs which experienced deformation by side of harvest.

Side
Lateral
Medial

%Elliptical
4 4.44

23.7
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Table one shows that the lateral side had a higher incidence of deformed plugs than the

medial side.

Table 2 shows the percentage of plugs which experienced deformation broken down by

both the side the plug was harvested from as well as the depth of the slice the plug was

taken from.

Table 2: Percept of plugs which experienced deformation

Side and Depth % Elliptical
L Top 25
L 2nd 50
L 3rd 75
M Top 15.4
M 2nd 15.4
M 3 rd 333
M 4th 66.7

by side and depth of harvest.

Table 2 shows that both the medial and the lateral side follow the same trend of an

increasing percentage of deformed plugs as the depth of the slice from which the plugs

were taken increases.

Table 3 shows that same information presented only by depth.

Table 3: Percent of plugs which experienced deformation by depth

Depth % Elliptical
Top Slice 19
Second Slice 26.3
Third Slice 46.1
Fourth Slice 66.7
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Table three shows that there is a clear trend of increasing deformation as the depth of the

slice increases.

6.3.3 Difference between Injury and Free Swell

Figure 10 shows the difference in GAG loss of injured and free swelling cartilage based

on the side of the joint from which the cartilage was harvested.

Difference in GAG Loss by Side
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Figure 10: Difference in GAG loss for injured and free swelling cartilage harvested from either the medial

or the lateral side of the joint and cultured in 10% FBS medium for four days. Cartilage was allowed to

equilibrate for three days prior to intervention.

Figure 10 shows that there is no significant difference in the change in GAG loss seen

between injured and uninjured plugs that were harvested on either the medial or the

lateral side.
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Figure 11 shows the difference in GAG loss between injury and free swelling cartilage

based on the side of harvest as well as the depth.
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Figure 11: Difference in GAG loss of injured and free swelling cartilage after four days of culture in 10%

FBS medium. Results are separated by the side of the joint the cartilage was harvested on and whether the

cartilage came from the first, second, third or fourth slice.

From Figure 11 it appears that side and depth do not affect the difference in GAG loss

seen between injury and free swelling cartilage.

Figure 12 shows the difference in GAG loss based on the depth of the slice from which

the cartilage was harvested.
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Figure 12: Difference in GAG loss by depth of injured and free swelling cartilage after four days of culture

in 10% FBS medium. Top slice indicates the top most slice taken, with the second, third and fourth slices

getting progressively closer to the bone.

Figure 12 also shows that depth does not appear to affect the difference in GAG loss seen

between injured and uninjured cartilage.

Figure 13 shows the difference in GAG loss for injured and uninjured plugs based on

location.
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Figure 13: Difference in GAG loss of injured and free swelling cartilage after based on location on the

joint. Li indicates the lateral side furthest from the chondyle and closest to the femur whereas L4 indicates

the lateral side and position closest to the chondyle. The same is true for the medial side. Because of

differences in joint size, many times only three cores were taken from the lateral side and four cores were

taken from the medial side.

From Figure 13 it appears that location may have an effect on the difference in GAG loss

measured for free swell and injured cartilage although the trends appear to be reversed for

the lateral and medial side. Unfortunately there were very small N for many of the

locations so more experiments would have to be done to see if these same trends hold up

for a larger number of samples.

6.4 Discussion and Conclusions

Based on the results presented in this chapter, it appears that GAG loss does not seem to

vary much for free swelling and injured cartilage based on the side of the joint that the

cartilage is harvested from, the location with respect to the chondyles and the depth of the
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tissue from the surface of the joint. This is good news because it means that across an

experiment, one does not need to make sure that all of the plugs come from a certain

depth or a certain location to get consistent GAG loss results.

The results for cartilage deformation were surprising because in the absence of outside

factors, increased deformation after injury did not result in an increase in GAG loss. This

was good news because it indicated that having an abnormally high number of deformed

plugs in an experiment should not change the results and should not be cause for concern.

It was also interesting that the lateral side was more susceptible to deformation and that

the occurrence of deformation increased as the depth increased. This probably has to do

with the structure of the cartilage in the deeper zones. Also, the lateral side is probably

more susceptible because it is not as thick as the cartilage on the medial side and so it

doesn't take as many slices to get to the middle and deep zones of the cartilage.

Just because the results indicated that location, depth and deformation did not affect GAG

loss does not mean that they do not have an affect on other outcome measures such as

gene expression. Further experiments looking at this would have to be done to rule this

possibility out. Also, future experiments would need to be done to ensure that the

increased deformation of the lateral side and the deeper zones does not affect GAG loss

when the cartilage is injured and cultured in the presence of outside factors such as

cytokines. The increased deformation may make it easier for these factors to diffuse into

the matrix causing increased GAG loss that isn't seen in tissue that does not have the

same amount of deformation.
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It would also be a good idea to do more follow up experiments that look at the difference

in GAG loss between injury and free swell based on location as the number of samples in

figure 13 was too small to draw any conclusions. This would just involve keeping track

of location and GAG loss for free swelling and injured cartilage in future injury

experiments that are done and could be done in conjunction with other studies.

156



Chapter 7: Conclusions and Recommendations

An important conclusion that can be drawn from the data presented in Chapters 2-5 is

that the DMMB GAG assay is not a good outcome measure to use for joint capsule tissue

co-culture and joint capsule tissue conditioned medium experiments. In the joint capsule

tissue co-culture model, it is difficult to separate the contribution of the joint capsule

tissue to the total GAG loss since there is currently no way to determine what GAG came

from the cartilage and what GAG came from the joint capsule tissue. With both models,

the trends seen can be inconsistent. In one experiment there may be a large increase in

GAG loss while in another there may be no difference. Better outcome measures may be

looking at gene expression or doing western analysis on the medium.

One problem with the conditioned medium model is nutrient depletion. While it appears

that using cartilage conditioned medium as a control might account for this, it might be

preferable to fractionate the conditioned medium using centrifuge filters. For example

medium could first be filtered through a large centrifuge filter to remove any excess

pieces of tissue in the medium as joint capsule tissue conditioned medium has a tendency

to clog filters when it is syringe filtered. Next, the medium could be filtered using a very

small filter. Once the medium has been filtered through a smaller filter, the molecules

stuck on the filter could be reconstituted in fresh medium. This way, the unknown factor

should still be present in the medium, but the effects of nutrient depletion should be

negated. This also ought to provide a way to run a more controlled experiment.
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Because joint capsule can be digested by using a higher concentration of proteinase K,

IOX the concentration used for cartilage, future radiolabel experiments for the co-culture

system should also label the joint capsule tissue to see what effect co-culture has on it.

The combined results of joint capsule tissue radiolabel incorporation and chondrocyte

radiolabel incorporation might yield some interesting and possibly unexpected results.

By adding new outcome measures to the co-culture and conditioned medium experiment

as well as by using human joint capsule tissue instead of bovine tissue, it may be possible

to learn additional information about the effects of the unidentified factor or factors

which might aid in their identification.

Chapter 5 raised the concern about differences in the outcome of experiments performed

using joint capsule tissue from the medial side versus the lateral side. As stated

previously, most experiments made use of the lateral side. However, it is possible due to

structural differences in the two tissues that the two sides might give different results

given the same experimental setup. A control experiment should be done to determine if

this should be a concern or not.

One way to help keep track of this would be to keep more detailed notes about the

appearance of the joint capsule tissue and the location of harvest. It is also important to

note that in many of the joints, there appeared to be some inflammation of the synovium

which might also have an effect on the results of conditioned medium and co-culture
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system experiments. This should also be incorporated into the protocol for all future

experiments.

Follow up experiments should also be done to determine whether or not aggrecan or other

large proteoglycans are present in the joint capsule tissue that is used for the conditioned

medium and co-culture experiments and if it is present, what form these are in. The

identification of specific large proteoglycan species in joint capsule tissue would be an

interesting discovery.

Finally, experiments should be done to look at whether or not the increased deformation

seen after injury in cartilage harvested further from the surface of the joint has an effect

on GAG loss when cartilage is cultured in the presence of outside factors. If there is a

difference in the results seen for deformed versus undeformed cartilage, it would be

important to make sure that there was a consistent level of deformation across all of the

injured samples.
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Appendix A: Miscellaneous other experiments

GAG Loss
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Figure 1: GAG loss (tg/plug) for cartilage injured at 40%, 45%, 50% and 55% and

cultured in .5ml of ITS medium or ITS medium treated with 1 ng/ml of IL-1. Cartilage

plugs were allowed to equilibrate for two days prior to intervention and were allowed to

culture for three days before GAG loss was measured.
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Gag Loss

Mean ±SEM
N=8

Figure 2: GAG loss (ptg/plug) for cartilage cultured in 10% FBS medium cultured under

one of the following six conditions. 1) 10% FBS medium 2) Joint capsule tissue

conditioned medium 3) Medium treated with lng/ml of IL-1 4) Medium treated with

10pM p38 inhibitor 5) Joint capsule tissue conditioned medium + p38 inhibitor and 6) IL-

1 + p38 inhibitor. Cartilage was allowed to equilibrate for two days prior to intervention

and was cultured under these conditions for three days prior to measurement of GAG

loss.

164

120-

100 -

80 -

60 -

40-

20-

IL-1 SB-203580 JCT+SB- IL-1+SB-
203580 203580

(I)

E
M

0
L.

U

0

C0

0-
Control JCT



Sulfate Incorporation Normalized to Control

1.20 ,-

Mean ±SEM
N=8

Tr

JCT P38 JCT+P38 IL-1+P38
Inhibitor Inhibitor Inhibitor

Figure 3: Sulfate incorporation for cartilage cultured in 10% FBS medium cultured under

one of the following six conditions. 1) 10% FBS medium 2) Joint capsule tissue

conditioned medium 3) Medium treated with ing/ml of IL-1 4) Medium treated with

1 OpM p38 inhibitor 5) Joint capsule tissue conditioned medium + p38 inhibitor and 6) IL-

1 + p38 inhibitor. Cartilage was allowed to equilibrate for two days prior to intervention

and was cultured under these conditions for three days prior to being radiolabeled.
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Sulfate Incorporation
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Figure 4: Sulfate incorporation for cartilage cultured under one of the following four

conditions 1) Control, 10% FBS medium, 2) Joint capsule tissue co-culture 3) Medium

treated with 200pg/ml of chondroitin sulfate and 4) Joint capsule tissue co-culture plus

200pg/ml of chondroitin sulfate. Cartilage plugs were allowed to equilibrate three days

before intervention and then were cultured for three days .5ml of medium before being

radiolabeled.
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Figure 5: Sulfate incorporation for different joint tissues co-culture experiment. Cartilage

was allowed to equilibrate for three days and then cultured for three days in 10% FBS

medium under one of the following conditions before being radiolabeled: 1) Ligament

co-culture 2) Tendon Co-culture 3) Muscle Co-culture 4) Co-culture and 5) 10% FBS

medium. None of the pieces of tissue were the same size due to difficulty cutting after

harvest.
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Figure 6: Normalized GAG loss for different joint tissues co-culture experiment.

Cartilage was allowed to equilibrate for three days and then cultured for three days in

10% FBS medium under one of the following conditions before GAG loss was measured:

1) Ligament co-culture 2) Tendon Co-culture 3) Muscle Co-culture 4) Co-culture and 5)

10% FBS medium. None of the pieces of tissue were the same size due to difficulty

cutting after harvest.
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Muscle Co-Culture Sulfate Inc.
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Figure 7: Sulfate incorporation for muscle co-culture experiment. Muscle was sliced

into 2mm thick sheets and punched using a 3mm dermal punch. Both cartilage and

muscle explants were allowed to equilibrate for three days prior to being co-cultured

together in Iml of 10% FBS medium for three days before being radiolabeled.
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Figure 8: Sulfate incorporation for Etanercept dose response with 25ng/ml of TNF-a.

Cartilage was allowed to equilibrate for three days prior to intervention. Cartilage was

then cultured in .25ml of medium for an additional three days under one of the conditions

listed above before being radiolabeled.
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Figure 9: GAG loss (pg/plug) for cartilage co-cultured under one of the following three

conditions for three days: 1) control, 10% FBS medium; 2) Joint capsule tissue co-

culture; 3) Synovium co-culture. All cartilage plugs were allowed to equilibrate for three

days prior to intervention.
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Figure 10: Sulfate Incorporation for cartilage co-cultured under one of the following three

conditions for three days: 1) control, 10% FBS medium; 2) Joint capsule tissue co-

culture; 3) Synovium co-culture. All cartilage plugs were allowed to equilibrate for three

days prior to intervention.
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Figure 11: Sulfate Incorporation for injured and uninjured cartilage cultured in 10% FBS

medium and 10% FBS medium conditioned by one 3mm piece of cartilage per milliliter

of medium for three days. Cartilage was allowed to equilibrate for three days prior to

intervention. Injury was to 50% strain at a strain rate of 1mm/sec. Cartilage plugs were

cultured for three days after intervention before being radiolabeled. '*' represents p value

of <.02, '**' represents p value of <.004 by a two sided student t test.
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Figure 12: GAG Loss for injured and uninjured cartilage cultured in 10% FBS medium

and 10% FBS medium conditioned by one 3mm piece of cartilage per milliliter of

medium for three days. Cartilage was allowed to equilibrate for three days prior to

intervention. Injury was to 50% strain at a strain rate of 1mm/sec. Cartilage plugs were

cultured for three days before GAG loss was measured. These results do not account for

GAG loss to the medium during the conditioning process.
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Figure 13: GAG loss for cartilage cultured for four days in 10% FBS medium that had

previously been conditioned for three days by one 3mm punched piece of cartilage that

was either alive or dead. Cartilage was killed by freezing in the minus 800 C freezer.

Cartilage was injured to 50% strain at a strain rate of 1mm/sec. '*' represents p value of

<.002 by a two sided student t test.
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Figure 14: GAG loss for cartilage cultured in conditioned and unconditioned ITS medium

supplemented with 200 tg/ml of cyclohexamide over four days. Cartilage was cultured in

medium containing cyclohexamide for 6 hours prior to injury. Injury was to 50% strain

at a strain rate of 1mm/sec. Conditioned medium was made by culturing two 3mm

punched pieces of joint capsule tissue/milliliter of ITS medium for four days.

represents p value of <.05, '**' represents p value of <.002
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Appendix B: Addition Joint Capsule Tissue Data

Appendix B contains additional data from characterization of the joint capsule tissue that

was not included in Chapter 5.

Superose 6 Column Fractions

0.35

-+-Cart. Extracts
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Figure 1: DMMB Assay of Superose 6 Column fractions for cartilage tissue extract, joint

capsule tissue extract, cartilage conditioned medium, joint capsule tissue conditioned

medium and pure aggrecan.
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Figure 2: GAG loss for days 1,2,3,4-6 as a function of the joint that it was harvested

from, the location within the joint and the size of the punch. Joint capsule tissue pieces

were cultured in .5ml of 10% FBS medium. The medium was changed at every time

point.
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Figure 3: GAG loss for each joint, location and size as a function of the day after harvest.

Joint capsule tissue was incubated in .5ml of 10% FBS medium. Medium was changed

after every time point.
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Cumulative GAG loss
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Figure 4: Cumulative GAG loss for each joint, location and size. Each bar is broken

down into the amount of GAG loss that was contributed at each time point. Joint capsule

tissue was cultured in .5ml of 10% FBS medium. Medium was changed at each time

point.
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GAG Loss (Day 1) vs. Wet Weight
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Figure 5: GAG loss for day 1 as a function of joint capsule tissue wet weight. Wet

weight was measured on the day of harvest. Joint capsule tissue was then cultured for 24

hours in .5ml of 10% FBS medium after which GAG loss to the medium was measured.

Data is fit with a linear regression.
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Figure 6: GAG loss on day 2 after harvest as a function of joint capsule wet weight. Joint

capsule tissue was harvested from the medial and lateral side of three joints and punched

with either a 3mm or 5mm dermal punch. Wet weight was measured immediately after

being punched. Joint capsule tissue was then cultured in .5ml of 10% FBS medium for

24 hours at which time the medium was changed and joint capsule tissue was cultured for

an additional 24 hours after which GAG loss was measured.
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GAG Loss vs. Wet Weight (Day 3)
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Figure 7: Joint capsule tissue GAG loss on day 3 after harvest as a function of joint

capsule tissue wet weight. Joint capsule tissue was harvested from the medial and lateral

side of three joints and punched with either a 3mm or 5mm dermal punch. Wet weight

was measured immediately after being punched. Joint capsule tissue was then cultured in

.5ml of 10% FBS medium. Medium was changed every 24 hours for the first three days

and GAG loss was measured at each medium change. Data is fit with a best fit line

obtained by a linear regression.
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Figure 8: Joint capsule tissue GAG loss for days 4-6 after harvest. Joint capsule tissue

was harvested from the medial and lateral side of three joints and punched with either a

3mm or 5mm dermal punch. Wet weight was measured immediately after being

punched. Joint capsule tissue was then cultured in .5ml of 10% FBS medium. Medium

was changed every 24 hours for the first three days. For days 4-6 the medium was left to

culture in the same medium for the three days. At the end of day 6 GAG loss for days 4-

6 was measured. Data is fit with a best fit line obtained from a linear regression.
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Figure 9: Joint capsule tissue wet weight by joint of harvest, side of harvest and size of

punch. The plot shows that the average wet weight for a given side and size of punch can

vary from joint to joint. Joint capsule tissue was harvested from the medial and lateral

sides of three different joints and punched with either a 3mm or 5mm dermal punch. Wet

weight was measured immediately after being punched.
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Figure 10: Joint capsule tissue wet weight as a function of location, size and joint. Data

is organized to show the variation that exists for the same punch size and harvest location

amongst different joints. Joint capsule tissue was harvested from the medial and lateral

sides of the joint and was punched with either a 3mm or 5mm dermal punch.
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Appendix C: Harvesting Methods

1) Harvesting Cartilage/Bone Cores

The first step in harvesting the cartilage/bone cores is to collect all of the necessary tools

and autoclave those that need to be autoclaved. Table 1 shows the tools that need to be

collected and which ones need to be autoclaved before hand for this step in the harvesting

process.

Table 1: Tools needed for cartilage/bone cores harvest

To be autoclaved Other tools
Forceps Holder for joint
Teeth forceps Scalpel blades
Scalpel holder 24 well plate
Squirt bottle for PBS Paper to cover counter

Knife with black handle
Hammer

The next step is to put on the proper attire. This includes a lab coat, gloves, safety

glasses and a mask. This is to keep blood and flying pieces of tissue off of clothes and

skin as well as to protect the cartilage from becoming infected. It is also important to

change gloves often to prevent contamination as well as keep things clean.

Once the tools are autoclaved and PBS is prepared, it is time to begin harvesting.

Cartilage is harvested from the femoropatellar groove of 1-2 week old calves. The joints

consist of the entire leg with the exception of the hoof which has been removed. The first

step in preparing the joint for tissue harvest is to clean the tissue away from the bone near
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the femoral head as shown in Figures 1 c and 1 d. The next step is to remove the femoral

head by using a hacksaw as shown in Figures 1 e and If.

D)

Figure 1: A) Joint as it arrives in lab. B) Joint out of plastic bag. C) Cleaning tissue away from femoral

head. D) Joint with tissue removed from around femoral head. E) Removing femoral head with hacksaw.

F) Joint with femoral head removed.

Once the femoral head has been removed, the joint is placed into the holder as shown in

Figures 2a, 2b and 2c. The joint is held in the holder by three screws that are tightened

using a hex wrench. The screws are tightened until the bone cracks. Once the joint is

secure in the holder, the lower portion of the leg is removed from the upper portion of the

leg by making an incision in the knee joint just above the meniscus as shown in Figure

2d. It is important to change your gloves regularly. Next the ligaments and tendons

which hold the joint together in the middle are cut, followed by those on the outside of

the joint, Figure 2e. Finally, any additional tissue which is holding the joint together is

removed, Figure 2f, leaving just the upper portion of the joint, Figure 2g. At this time it

is usually best to change scalpel blades. Once the bottom half of the joint has been
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removed the remaining tissue covering the femoropatellar groove is removed as shown in

Figure 2h leaving the groove completely exposed, Figure 2i. While removing the tissue

covering the groove it is important to try and not let it touch the groove as you are

removing it.

A) B) D)

Figure 2: A, B, C) Joint Being secured in holder. D) Initial incision to separate the top portion of the joint

from the bottom portion of the joint. E) Removal of ligaments and tendons which hold the joint together.

F) Removal of additional tissue which connects bottom portion of joint to upper portion of joint. G) Upper

portion of joint. H) Removal of tissue to expose femoropatellar groove. I) Exposed femoropatellar groove.

A drill press fitted with a 9mm diameter hollow drill bit, Figure 3a, is used to drill out

cartilage/bone cores from the femoropatellar groove. Four to five cores are taken from

the medial side of the joint (the larger side) and three to four cores are taken from the

lateral side of the joint (the smaller side) as shown in Figure 3c. In order to get usable

cores, the holder is used to position the joint such that the surface of the groove that is to

be drilled is as perpendicular to the drill bit or parallel to the floor as possible, Figure 3b.

This gives the cartilage/bone cores a flat surface which is easier to slice and has less
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waste. It is possible to start taking cores from either the top or the groove or the bottom

of the groove with equal success. It is important to leave enough room between the cores

so that the path of the drill bit doesn't overlap beneath the surface of the joint leaving

only partial cores. The joint is repositioned for every core taken to ensure a flat surface.

If it is difficult to loosen the handle on the holder by hand, use a hammer to loosen it.

Once all of the cores have been drilled, Figure 3c, a knife is used to break them out of the

bone, Figure 3d and 3e. This is done by leaving the joint in the holder and inserting a

knife through the cartilage and into the bone just below the ridge on the side of the joint,

Figure 3d, once the knife is inserted into the bone it is twisted to break off the core from

the bone, Figure 3e. The cores are then removed using forceps, Figure 3f, and placed into

a well of a 24 well plate filled with PBS, Figure 3g.

Figure 3: A) Drill used to obtain cartilage/bone cores. B) Joint surface ready to be drilled. C) Joint that has

been completely drilled. D,E) Insertion of knife into joint to remove cartilage/bone cores. F) Removal of

cartilage/bone core using forceps G) 24 well plate with three cartilage/bone cores in PBS.

2) Slicing the cartilage/bone cores to obtain 1mm thick cartilage disks.
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Table 2 shows the items that need to be collected and autoclaved before slicing.

Table 2: Tools needed before slicing

To be Autoclaved Other tools
Aluminum Foil Petri dish
2 Bent forceps Micrometer

Cartilage holder kimwipes

A microtome is used to slice the cartilage/bone cores into 1mm thick disks. First a small

kimwipe is ripped into long shreds, Figure 4b. One piece of kimwipe is then wrapped

around the bone portion of the cartilage/bone core as shown in Figure 4c. This helps keep

the core more secure in the holder. The cartilage/bone core is then placed into the holder

so that only cartilage is exposed and then placed into the microtome, Figures 4d, 4e and

4f. It is important to make sure that the holder is secure in the microtome. Next the most

superficial layer of cartilage is removed. This is done by placing the turn crank at 6

o'clock and pulling the blade across the top of the cartilage. The lever is then turned two

rounds until it once again reaches the 6 o'clock position, Figure 4g. The blade is once

again pulled across the top of the cartilage until a full circular disk of cartilage is cut off.

Once this has happened, it is time to begin taking 1mm thick slices. To do this, turn the

crank one full rotation and then turn the crank again until it reaches about 4:30. Slowly

pull the blade across the cartilage in a controlled movement, Figure 4h, 4i and 4j. Use a

Petri dish to catch the cartilage as you slice it and measure the thickness of the cartilage

using the micrometer, Figure 4k. It is important to measure the slice in multiple

directions to ensure that the entire slice is of uniform thickness. For the next slice turn

the lever two full turns and then a little more to the 5:30position and take a slice. For the

next slice do two full turns plus a little extra to get to 6:00 to 6:30 depending on whether

the previous slice was thicker than 1mm or thinner than 1mm. It is important to adjust
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the exact amount the lever is turned to how the cartilage is slicing. If the slices are

consistently too thick, turn the lever less, if they are too thin, turn the lever more.

Sometimes the slices will be too thick if the cartilage is loose in the holder so it is

important to make sure that the cartilage is very tightly held and that one does not try and

take a slice too quickly. It is important to use a controlled motion. Each slice is placed

into individual wells filled with PBS of a 24 well culture plate. After coring or slicing it

is possible to store the cartilage in the refrigerator for a few hours, however, it is

important to let it warm back up to room temperature before attempting to punch or slice

it.w

Figure 4: A) Holder for cartilage bone cores. B) Torn kim wipes. C) Kim wipe wrapped around

cartilage/bone cores. D,E) Cartilage/bone core placed in holder. F) Holder with core placed in microtome.

G) Microtome lever at 6 o'clock position. H,I, J) Taking a slice of cartilage using the microtome. K)

Measuring the thickness of the cartilage slice using a digital micrometer.
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3) Punching the Cartilage:

Table 3 shows the tools that need to be collected and autoclaved before punching as well

as the solutions that need to be made up.

Table 3: Things to organize before punching cartilage

To be Autoclaved Other tools etc.
Spatula Petri dish
3un Punch 24 or 48 well plate
Plug remover Medium

A sterilized 3 mm dermal punch is used to obtain 3mm punched pieces of cartilage. One

cartilage slice is transferred onto a normal size Petri dish. The dermal punch is then used

to punch out four to six 3mm diameter pieces of cartilage, Figure 5a and 5b, which are

then transferred into a well filled with lml of 10% FBS medium in a 48 well plate for

four punches or into a well filled with 2ml of 10% FBS medium in a 24 well plate for 6

punches. The number of punches obtained from each slice is dependent on the number of

groups needed for an experiment and whether or not the experiment involves injury.

Usually for injury experiments only four punches are taken from each slice. These

punched plugs are then allowed to equilibrate for two to five days before intervention by

being kept in an incubator at 37'C and 5% CO 2.
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Figure 5: A) Cartilage slice being punched with 3mm dermal punch. B) Cartilage slice after it has been

punched four times.

4) Harvesting Joint Capsule Tissue

Table 4 shows the tools that need to be collected and/or autoclaved prior to harvesting

joint capsule tissue.

Table 4: Tools and solutions to organize and make before harvesting joint capsule tissue

To be autoclaved Misc. other stuff
3 forceps (with teeth) Petri dishes
2 scalpel holders PBS
3mm or 5mm punch Medium
Plug remover 48 well plate
Squirt Bottle for PBS Small joint holder

Joint Capsule tissue is the tissue that encloses the inside of the joint. The joint capsule

tissue becomes infected much more easily than the cartilage so it is important to harvest

the joint capsule tissue in the hood in order to decrease the risk of infection. To do this

the joint is placed into the holder and then transferred into the hood, Figure 6a. A sterile

scalpel and forceps are used to clear away the outside membranes and to remove the

lower portion of the leg as described in the first section. Once the lower portion of the

joint has been removed, new scalpels and forceps are used to remove the tissue that is

medial and lateral to the joint, shown in Figures 6b, 6c and 6d. It's important to change

scalpel blades often during these initial steps and gloves if necessary. The harvested
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pieces of joint capsule tissue are placed in a Petri dish containing just enough PBS to

make sure that the tissue does not dry out, Figure 6e. These pieces of joint capsule tissue

are punched in the same way as the cartilage using a sharp, sterilized 3mm or 5mm

dermal punch, Figure 6f. In this case one or two pieces of punched joint capsule tissue

are cultured in 1 ml of medium. As was shown earlier in the thesis in order to see marked

effects of the joint capsule tissue it is important to condition the medium for at least three

days at a concentration of at least 1 piece/lml.

Figure 6: A) Joint in the hood. B) Medial side of the joint with joint capsule tissue circled. C) Lateral side

of the joint with joint capsule tissue circled. D) Removal of joint capsule tissue from the medial side. E)

Harvested joint capsule tissue in PBS in a standard Petri dish. F) Joint capsule tissue being punched with

3mm dermal punch.

For larger versions of the pictures found in this appendix see Appendix E.
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Appendix D: Solutions and Protocols

Part 1: Solutions

10% FBS Medium

90% DMEM- Low Glucose

10% FBS

IOOX Hepes Buffer

1 OOX Non-essential Amino acids

IOOX PSA

250X Ascorbate

250X Proline

e.g. for 10ml

9ml DMEM

Iml FBS

1 00 d Non Essential amino acids

I00p Hepes Buffer

40p1 Ascorbate

40l Ascorbate

40pl Proline

ITS Medium

100 % DMEM

IOOX ITS

lOOX Hepes Buffer

1 OOX Non-essential Amino acids

IOOX PSA

250X Ascorbate

250X Proline

e.g. for 10ml

10ml DMEM Low Glucose

100pl ITS

100pl Hepes Buffer

100pl Non Essential amino acids

100p PSA

40pl Ascorbate

40p Proline
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PBS

DI Water

lOX PBS w/o Mg 2 and Ca 2

10OX PSA

e.g. I00ml

90ml DI Water

IOml PBS w/o Mg 2 and Ca2 +

Iml PSA

Pro K

Tris HCL

20x ProK stock

e.g. 20ml

19ml Tris HCL

Iml ProK stock

Rx Wash

PBS

.8mM sodium sulfate

1mM proline
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Radiolabel

ITS or 10% FBS Medium

To label bovine tissue want a concentration of 10ptCi/ml of radiolabel

35S-Sulfate-measures proteoglycan synthesis

3H-Proline-measures protein synthesis

Step 1) Determine how much medium is needed for the experiment and add 1.5 ml to that

number for standards and a little extra cushion.

Step 2) Use excel spread sheet to calculate how much sulfate is needed since it has a

relatively short half life. Make sure that the calibration date is correct.

Step 3) Add sulfate to the medium first and mix well. Take out .5ml of labeled medium

and set aside for use as a standard.

Step 4) Add proline to the medium, mix well and take out .5ml for use as a standard.

Step 5) Add desired amount of medium to culture plate and incubate samples in labeled

medium for between 6-24 hours. Record both start and stop times for accurate analysis

of the results.
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Step 6) End the radiolabel by making up Rx Wash solution (see above) and adding

between .25-.5 ml into the wells of a 48 or 96 well plate. Wash eat cartilage plug three

times in the Rx Wash solution for at least 10-15 minutes each wash.

Step 7) Make up enough Proteinase K solution so that each plug can be digested in Iml

and label 2ml microcentrifuge tubes while the plugs are sitting in the Rx Wash solution.

Step 8) Add lml of Proteinase K solution to each microcentrifuge tube.

Step 9) Once the wash is completed, transfer each plug to the appropriate microcentrifuge

tube. Make sure that the plug is completely submerged in the Proteinase K solution.

Step 10) Place microcentrifuge tubes in the 60' water bath for two days.

Step 11) After two days check to make sure that there are no pieces of tissue floating

around in the microcentrifuge tubes. Vortex all of the microcentrifuge tubes. If there

were small pieces of tissue floating around, put them back into the water bath and check

on them in 24 hours. If the cartilage is completely digested move on to step 12.

Step 12) Pipette 100pl of digest into plastic vials used for the scintillation counter and

add 2ml of ethyl alcohol and cap. Do the same for the medium standards that were

saved.
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Step 13) Vortex vials. The solution should appear cloudy and then turn clear.

Step 14) Run empty bottles through the scintillation counter to make sure they are clean.

To do this, open the program for the scintillation counter and select the desired isotopes.

Select one count for a time of 0:10 and choose the correct user name.

Step 15) Once the blanks have been run, remove any bottles that have a count higher than

20.

Step 16) Place plastic vials with the samples into the glass bottles. Select desired

isotopes, specify file name and count for 3:00.

GAG Assay

To Make GAG standards you will need:

~1ml DMEM or PBE

2mg/ml GAG Stock

Transfer about lml of DMEM to a 1.5ml centrifuge vial and take 7 small Centrifuge

tubes and line them up

Put 180d of PBE or DMEM and 20p1 of GAG in the first vial

Put 100ptl of PBE or DMEM in the rest of the vials.
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Mix up solution in first Vial and transfer 100pl to the second vial, mix this up well and

transfer 100[l to the third vial and so forth.

DO NOT TRANSFER ANYTHING TO THE LAST VIAL THAT SHOULD BE JUST

DMEM OR PBE

This will give you standards of 200pig/ml 100, 50, 25, 12.5, 6.25 and 0

You only need to use the standards for 100 and down

Assay

Pipette 20pfl of sample or standards into each well of the clear 96 well plates for Maxy.

Next, use the multi-channel pipette to add 200pl of DMMB dye to each well.

Put the plate in the machine and run it by opening the icon that says Maxy. Select 520nm

for the wavelength and select run.

How to avoid medium evaporation for accurate GAG loss analysis

Evaporation can be a major problem when performing GAG analysis as even a small

amount of evaporation can change the outcome by making a significant difference

insignificant or vice versa. This is an especially large problem when culturing cartilage

in small amounts of medium such as .25ml or .5ml or when culturing cartilage for

extended periods of time in the same medium. Because GAG is measured as a
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concentration it is important to do everything possible to eliminate evaporation.

Evaporation occurs in the outside wells of plates whenever they are cultured in the

incubator. To combat this problem, put at least an equal amount of DMEM in the outside

wells of the culture plate. DMEM filled wells should form a ring around the

experimental wells. This way, DMEM will evaporate instead of the medium.

DNA Assay

To make DNA standards you will need Tris HCl and the DNA standard stock solution

which is at a concentration of 10pg/ml. The table below shows the amount of each

solution that needs to be added to each eppendorf tube to make standards of 10, 5, 4, 3, 2,

1 and 0 ptg/ml.

Standard Tris HCL DNA Stock
Concentrations (1 0g/ml)
10 tg/ml 0 pl 200 pl
5 pg/ml 100 pl 100 pl
4 pg/ml 120pl 80 pl
3 pg/ml 140g1 60 gl
2 pg/ml 160 pl 40pl
1 pg/ml 180 pl 20 pl
0 pg/ml 200pl 0 pl

To make 5Oml of the DNA dye, mix 5 ml of lOX TEN in 45 ml of DI water and add 5pl

of Hoescht dye. It is not advisable to make less dye than this as it is difficult to

accurately pipette out amounts of less than 5 p1.

To measure DNA for cartilage explants, digest them in proteinase K following the same

protocol as for a scintillation count. Once the explants are digested, vortex them and
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transfer 20pl of each sample to individual wells of the black 96 well microtiter plates

found by victor, the plate reader. Once the standards and samples have been added to the

plate, add 200pl of the DNA dye to each well. Next, place the 96 well plate into the plate

reader and open the icon labeled Victor2 . Once it has opened, click on the icon that looks

like a stoplight with a wand. A list of protocols should appear. Click on the folder Steph

and select the file DNA. Click on next. A picture should now appear of the 96 well

plate. If any of the wells are empty, select them by clicking on them. There should be an

option to either measure them or label them empty. If they are empty, choose empty.

This saves time as the wells are being measured. Once all of the empty wells have been

labeled as empty, click on next. The next screen provides the option of entering text

notes into the output file. Enter any important information here about what is being run.

When finished, click on next and then finish. The plate will now be read. Once the

machine is finished reading the plate, click on the middle icon which looks like a sheet of

paper. This will display the output file. Once the output file is displayed click on file and

select export. Now name the file and save it to the appropriate folder on the computer.

Guanadine Extraction and Ethanol Precipitation

To perform a guanidine extraction, prepare the tissue by freezing it in liquid nitrogen. It

is important through the first part of this process that the tissue remains frozen the entire

time. The tissue is then powdered using a pulverizer that is used in RNA extraction.

Throughout the powdering process it is important to keep the pulverizer and the tissue

cold. This is done by pouring liguid nitrogen over the pulverizer.
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Once the tissue has been pulverized so that it forms a fine powder, the Guanadine

solution can be added. 500 pl of GuHCl + PI solution needs to be added for each sample.

A sample consists of four, 3mm X 1mm cartilage disks or two, 3mm punched pieces of

joint capsule tissue.

To make 5ml, mix together the following solutions and powders:

stock
location conc amt needed

Guanidine, 4M RT 7M 2.857 mL
EDTA, 10 mM 4C 500 mM 0.100 mL
PMSF, 2 mM RT 200 mM 0.050 mL
Benzamidine HCI, 15 mM RT iM 0.075 mL

chem
6-aminohexanoic acid, 0.25 M shelf (powder) 164.000 mg

(aka c-amino-N-caproic acid)
pepstatin, 1 pM aq, -20C 100 pM 0.050 mL
sodium acetate, 50 mM RT iM 0.250 mL
DI water 1.618 mL

After adding the Gu HCL + PI solution to the samples, tape the cryovials to the rocker in

the refrigerator and start it. Leave them rocking for 48 hours in the refrigerator. After 48

hours spin down the samples and transfer the supernatant to fresh vials. Keep track of

how much supernatant there is and add three times that volume of 200 proof ethanol +

5mM Sodium Acetate. Once the ethanol solution has been added, place the vials in the

minus 4'C freezer overnight. Next, spin the tubes for 20 minutes on high speed in the

microcentrifuge and discard the supernatant and dry the pellet. Once the pellet is dry, the

guanidine extraction and ethanol precipitation are complete.
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Appendix E: Blown up Harvest Pictures

The following pictures are a larger version of the pictures found in Appendix C. The

Figure numbers are also the same as in Appendix C for easy reference.

Part 1: Harvesting Cartilage/Bone Cores

Figure IA: Joint as it arrives in lab.

Figure IB: Untouched joint outside of plastic bag.
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Figure 1C: Cleaning tissue away from the femoral head.

Figure 1D: Joint with tissue removed from around the femoral head.
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Figure lE: Removal of femoral head with a hacksaw.

Figure IF: Joint with femoral head removed
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Figure 2A: Joint being secured in holder.

Figure 2 B: Joint being secured in holder.
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Figure 2C: Joint being secured in holder. Figure 2D: Initial incision to separate the top

portion of the joint from the bottom portion of

the joint.

Figure 2E: Removal of ligaments and tendons which hold the joint together.
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Figure 2F: Rmoval of additional tissue

which connects the bottom portion of

the joint to the upper portion of the

joint.

Figure 2H: Removal of tissue to

expose the femoropatellar groove.

Figure 2G: Upper portion of joint with

condyles exposed.

Figure 21) Exposed femoropatellar groove.
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Figure 3A: Drill used to obtain cartilage/bone cores.

Figure 3B: Joint surface ready to be drilled.
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Figure 3C: Joint that has been completely drilled.

Figure 3D: Insertion of knife into joint to remove cartilage/bone cores.
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Figure 3E: Insertion of knife into joint to remove cartilage/bone cores

Figure 3F: Removal of cartilage/bone core using forceps.
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3G) 24 well plate with three cartilage/bone cores in PBS

Part 2: Slicing the cartilage/bone cores to obtain 1mm thick cartilage disks.

Figure 4A: Holder for cartilage/bone cores
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Figure 4B) Tom Kim Wipes used to wrap the cartilage/bone cores

Figure 4C: Kim wipe wrapped around a cartilage/bone core.
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Figure 4D: Cartilage/bone core placed in holder

Figure 4E: Cartilage/bone core placed in holder
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Figure 4F: Holder with core placed in the microtome and ready to be sliced.

Figure 4 G: Microtome lever at 6 o'clock position.
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Figure 4H: Taking a slice of cartilage using the microtome

Figure 41: Taking a slice of cartilage using the microtome.
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Figure 4J: Piece of cartilage on microtome blade after being sliced.

Figure 4K: Measuring the thickness of the cartilage slice using a digital micrometer.
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Part 3: Punching the cartilage

Figure 5A: Cartilage slice being punched with a 3mm dermal punch.

Figure 5B: Cartilage slice after it has been punched four times
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Part 4: Harvesting joint capsule tissue.

Figure 6A: Joint in the hood

Figure 6B: Medial side of the joint with joint capsule tissue circled.
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Patella

Figure 6C: Lateral side of the joint with joint capsule tissue circled.

Figure 6D: Removal of joint capsule tissue from the medial side.
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Figure 6E: Harvested joint capsule tissue in PBS in a standard Petri dish. Lateral side is

the larger piece and medial side is the smaller piece.

Figure 6F: Joint capsule tissue being punched with a 3mm dermal punch.
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