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over how the collagen is extracted and what age the rats are at before being terminated and batch

variation as a consequence of the age of the raised rats can not be completely dismissed.

3.2.4 Rheology- the effect of G-block addition in collagen gel

3.2.4.1 Gelling kinetics and temperature

The presence of G-block in collagen gel appears to affect the gelling kinetics of the gel within the
temperature ramp (4-37°C, 1°C/min, strain constant at 0.1% and frequency constant at 1 Hz) by
increasing the temperature threshold where the G modulus beings to increase rapidly. In order to
investigate this 20% of the G’ max value was calculated. The G’ max value (of the temperature
ramp) was assumed to be the G’ modulus value that corresponded to the temperature of 37°C.
It is assumed that at 20% of G’ max the temperature threshold required for an elevated rate of
increase in G’ should have been surpassed (e.g. Figure [3.28) and that the G* >G” relationship
would be in place coupled with a phase angle lower than 45° indicating solid-like behavior at
the given frequency (1 Hz). Based on the calculated G0 an approximate temperature in the
temperature ramp could be found. The calculated G’»o9, value was compared to the G modulus
values in the temperature ramp data sets and the value the G’gg corresponded closest to was
then checked against its corresponding temperature. If the calculated G’0g, value was between

two values in the data set an average of the two temperature values was used.

There is a noticeable difference between collagen with and without G-block with regards to the
location of the temperature linked to G’ within the temperature ramp data files. For collagen
without G-block the temperature range for G’,¢q, is between 20 - 22°C while for collagen with
5.00, 2.50, 1.25 and 0.62 mg/ml G-block added the range is from 24-28°C (Appendix table
[C.4] lists the G’209 and corresponding temperatures). The range for the 4 different concentra-
tions of G-block in collagen gel is a bit wider than the range for collagen alone. This could
be influenced by the amount of parallels and the fact that there were differences in G’ modulus
values between parallels within each concentration. The reason for the latter of the two has been
discusses previously with relation to for instance temperature sensitivity and heterogeneity of

collagen in parallels.

There is a significant difference (p <0.05) when comparing the collagen gel without G-block to
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each concentration of G-block added to the collagen gel (Table [3.11)) (Appendix [D.2] shows the
R-script used to analyse the data from appendix[C.6). The collagen gel with 1.25 mg/ml G-block
had one (D1) parallel with a very low G’ modulus in the temperature ramp. This resulted in a
very low G’gq, and it is not certain what caused this but when excluding it from the analysis the
variance and standard deviation decreases, leading to a smaller spread in the data. By excluding
the D1 value the result from the t-test, comparing collagen gel with no G-block addition with
collagen gel with 1.25 mg/ml G-block, becomes significant (p <0.05). Both the non-adjusted
and the adjusted results are presented. It is possible that the D1 sample is a potential outlier
in the data set when comparing it to the three other parallels. The D2, D3 and D4 had G’,qq,
at approximately 28.5, 27 and 26.5°C respectively while D1 had G’;g¢, at approximately 18°C.
This gives reason to suspect D1 to be an outlier.

Table 3.11: The p-values from a Welch Two-Sample T-test at p <0.05 level. The asterisk (*) denotes here

that a potential outlier has been excluded (parallel D1). See table [C.4]in Appendix [C.6|for an overview of
the temperatures compared.

Conditions compared p-value
No G-block vs. 5.00 mg/ml G-block 0.0025
No G-block vs. 2.50 mg/ml G-block 0.0026
No G-block vs. 1.25 mg/ml G-block 0.1767
No G-block vs. 1.25 mg/ml G-block adjusted  0.0014*
No G-block vs. 0.62 mg/ml G-block 0.0020

There is no significant difference between the 4 concentrations of collagen gel with G-block
added with regards to changes in temperature for G’»09 as a consequence of increased or de-
creased concentration of G-block added to the collagen gel. This was confirmed by applying a
one-way ANOVA with a Tukey HSD. It is important to note that the sample pool available is
very small. There are only 3 or 4 parallels for each concentration. Further, the elastic modulus
(G’) did not show consistent values within each concentration. This means that there was a high
variance. The result of the tests, particularly the significant results from the t-tests, must be read
with caution. The validity as well as the power of the tests are likely low. This is a consequence
of the low sample size. Had the parallels within each concentration given responses in which
the G’ modulus were closer between each parallel, causing a decrease in variance and standard
deviation, the results would be more reliable. In order for that to take place the probable heat

sensitivity issue of the system would have to be resolved.
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In addition to potentially elevating the temperature threshold for G54, the mean max G’ value
for collagen without G-block added was higher than the mean max value for collagen with G-
block added at 2.50, 1.25 and 0.62 mg/ml concentrations. For the 5.00 mg/ml G-block addition
to collagen gel there was an increase in gel strength (Figure [3.35) relative to collagen gel alone.
In addition, a single test was also done with 50 mg/ml of G-block added to collagen gel and this
concentration also gave a higher G modulus value when compared to the low concentrations
of G-block (2.50, 1.25 and 0.62 mg/ml G-block) and collagen alone. Because higher doses of
G-block (>5.00 mg/ml) might alter the strength of the gel it could be interesting to investigate
the span between 2.50 and 5.00 mg/ml to see if this increase in gel strength at 5.00 mg/ml is
the threshold and if the addition of higher concentrations of G-block (>5.00 mg/ml) increases
the gel strength and lower concentrations of G-block (<5.00 mg/ml) decreases the gel strength.
The lower concentrations (2.50, 1.25 and 0.62 mg/ml) appeared to give a decrease in gel strength
when compared to collagen gel without G-block. It is worth noting that the values recorded by
the rheometer between the parallels for each concentration were not consistently similar and the
potential effect of increase and decrease on gel strength between the concentrations needs to be

investigated further.
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Figure 3.35: Mean values for collagen gel with and without G-block added in temperature ramps (4-
37°C with an increase of 1°C/min) with strain and frequency held at 0.1% and 1 Hz. The Y-axis displays
the mean G’ modulus value for the given parallels within the 4 concentrations of G-block, as well as
collagen without G-block, as a function of increasing temperature. Mean value for collagen without G-
block consisted of 3 parallels, for 5 mg/ml G-block added there were 3 parallels, for 2.50, 1.25 and 0.62
mg/ml G-block added there were 4 parallels.
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3.2.4.2 Setting of gel and frequency dependent behavior

The addition of G-block in the collagen gel does not appear to alter the setting of collagen gel
during the 5 hour temperature hold. Neither collagen gel with or without G-block seem to not
reach an apparent equilibrium during the 5 hour hold time. |Picout and Ross-Murphy (2003)
reports that some gels have no final G> modulus value. It is possible that this might be the case
for the collagen gel utilized in this thesis. By modifying the programmed sequence and allowing
for an overnight temperature hold of for instance 10 hours, this setting curve could have been
explored further. Had the gel not showed an apparent equilibrium by the end of the 10 hour hold
time it could very well be that it would not reach a final G> modulus value. The G’ modulus
values showed a degree of variation between parallels, both for collagen gel with and without
G-block added. Because of this spread in G’ modulus values it would be difficult to find any
changes between collagen gel with and without G-block added in the 5 hour temperature hold

and also to be able to attribute the changes to the addition of G-block.

The addition of G-block to collagen gels did not seem to alter the behavior of the gel when
subjected to a frequency sweep (0.01-10 Hz). The gel seems to provide an increase in response
as a consequence of increase in frequency in both collagen gel with and without G-block added
from 1 Hz and up to 10 Hz. From 0.01 to 0.1 Hz all the samples exhibit noise. For collagen gel
alone the increase seen in the frequency sweep is between 3.7-6.7% (Table[3.7) while for collagen
gel with added G-block the percentage increase is between 1.1-12.1% (Table [3.10). It appears
that the value range for the percentage increase in collagen gel with added G-block is greater than
that of collagen alone. Since there is a variation recorded between parallels within concentrations
it is not possible to attribute this to the addition of G-block alone at this point. Collagen, both with
and without G-block added had a higher percentage increase in the frequency sweep relative to a
calculated 4 minute interval (based on figure and[3.32). This suggests that both collagen gel
with and without G-block were frequency dependent at the given frequency range. This would
in turn indicate that the gels were physical gels. If the max frequency had been increased and
the gels had ended up reaching a plateau that could have been a potential indication of entangled

networks.
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3.2.4.3 Response to applied deformation

The response to applied strain by the collagen gel might be influenced by certain concentrations
of G-block added to the collagen gel. For collagen gel alone the response given by the gel from
1-100% has a smaller decrease in G” modulus than for collagen gel with G-block. For collagen
gel with added G-block all of the samples has G* modulus with a sharper decreases from 1-100%
than collagen gel alone. For some samples there are indications of complete disruption of the gel
(B1, B2, B3 and C2) when viewing the individual data sets. The phase angle increased greatly
and the G’ decreased greatly in the range of 40-60% strain. This implied that there was a marked
change in the viscoelastic behavior of the sample with a change from elastic-like behavior to
liquid-like behavior. This could be indicative of a catastrophic break (Figure [3.36| left). Given
that there was a catastrophic break this could imply that the gels were strong physical gels. The
remaining samples appeared to exhibit some of the same behavior as the collagen gel without
G-block added. There was no sharp increase in phase angle (<10°) during the strain sweep
indicating that the gel did not break completely (Figure [3.36right). This could also be indicative

of a more weak gel that would also potentially flow in stead of breaking.
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Figure 3.36: Examples of two responses from two samples to applied strain. Left graph shows the sample
undergoing a catastrophic break where the phase angle shows a rapid rate of increase while the right graph
shows an example of a sample that is not recorded to undergo a catastrophic break where the phase angle
does not exhibit the same rapid rate of increase. The left Y-axis displays the G’ and G” modulus values in
Pascal (Pa) as a function of increasing strain (0.01-100 %) while the right Y-axis displays the phase angle
in degrees (°) as a function of increasing strain.

In order to investigate a potential difference in the response to applied strain between the collagen
gel with and without G-block with regard to at what point the samples began to show a response
to applied strain the following was done: as 0.1% was used as a constant strain for the rest of
the programmed sequence it was assumed that a potential G> max value could be found here.

The 0.01% value was not opted for as some of the samples showed instability there (Figure [3.33]
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parallels B1, C3, C4, D2). The value G’ggq, represents a 20% decrease in the G” max value. After
calculating the G’ggq, the closest corresponding G” modulus value in the data set was found. The
corresponding percent of strain was then found within the data set and differences in this applied
strain was analyzed. If the calculated G’gpg, value was between two data points an average of the

two corresponding applied strains was utilized.

There were no significant differences (at a p<0.05 level) found with regards to what applied
strain gave a 20% decrease in G modulus value when performing two-way T-tests on collagen
gel alone versus collagen gel with G-block in various concentrations. This might suggest that
G-block does not alter the collagen gels response to applied strain with regards to for instance
the samples LVR region (Table[3.12)). There does however seem to be a difference in response to
applied strain with regards to recorded destruction of samples, as previously mentioned. Collagen
without G-block added, as well as collagen with 1.25, 0.62 and possibly 2.50 mg/ml, appear to
give the same type of response to applied strain at the end of the strain sweep. The response
given by these samples appear to not undergo a catastrophic break as there is no transition phase
and no dramatic increase in phase angle. Collagen with 5.00 mg/ml appear to have a catastrophic
break where there is a steep decrease in both G’ and G” coupled with a rapid rate of increase in
phase angle. The same appears to occur for the single sample with 50 mg/ml of G-block added.
This could suggest that doses at or above 5.00 mg/ml potentially alters the properties of collagen

gel causing a shift from a weak physical gel to a strong physical gel.

Table 3.12: The p-values from a Welch Two-Sample T-test at p <0.05 level. The applied strain in strain
sweeps that corresponded to G’ggg, of G* modulus max was compared.

Conditions compared p-value
No G-block vs. 5.00 mg/ml G-block  0.6828
No G-block vs. 2.50 mg/ml G-block  0.5252
No G-block vs. 1.25 mg/ml G-block  0.8595
No G-block vs. 0.62 mg/ml G-block  0.1266

The implementation of an additional temperature hold of 1 hour after the strain sweep show that
D2, D3, D4 and E2 did have an increase in G’ modulus. It is however unclear precisely why
this occurred. It might have something to do with the properties of the gel in which collagen gel
alone is here a weak physical gel, collagen gel with 5.00 and possibly 2.50 mg/ml G-block added

gives an increase in gel strength where as the lower doses (1.25 and 0.62 mg/ml) causes the gels
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to remain as weak physical gels.

3.2.4.4 Potential effects of G-block on collagen

The following part will deal with hypothesized ways in which G-block might affect the col-
lagen gel. Collagen undergoes self-assembly to form a hydrogel when a collagen solution is
neutralized (e.g. with NaOH) and heated to physiological temperature (37°C). Furthermore, col-
lagen contains various adhesion motifs, one being the RGD motif (consisting of the amino acids
Arg-Gly-Asp). This is an important tripeptide that mediates an interaction between the ECM
and a variety of cells. Alginate in contrast does not provide cell adhesion motifs, but it can be
conjugated with RGD peptides to improve cell adhesion (Gasperini et al.| (2014)). As collagen
contains RGD motifs and alginate is capable of conjugating to RGD motifs it could be possible
that G-blocks could bind to collagen and given a sufficiently high concentration of G-block it
could potentially cause an increase gel strength or it could cause a decrease the gel strength by

disrupting the collagen network.

The G-blocks of alginate have shown to provide rigidity to the polymeric structure of alginate,
and the mechanical properties of alginate are influenced by the ratio of G- to M-blocks (Gasperini
et al. (2014)). As such it is not impossible that G-blocks could potentially alter the rigidity and
mechanical of other polymers when added to a solution. In addition, G-blocks are able to form
hydrogels in the presence of divalent cations (Pawar and Edgar (2012)). There could potentially
be traces of divalent cations such as calcium (Ca?") in the collagen solution. This might however
be an unlikely scenario as the DPBS utilized here was without added calcium, which is a divalent
cation. Hence, the only way divalent cations could have been present would be in the dried rat
tail collagen. The rat tail collagen was not made in-house, because of this there could potentially
be unaccounted traces of calcium. If there were traces of divalent cations such as calcium this
could have contributed to gelation of G-block. This hypothesized gelation could in turn affect the
recorded rheological properties of collagen gel with G-block as there could have been an increase
in gel strength (here G’ modulus) as a consequence of added gelation of G-block in addition to

the gelation of the collagen gel.

The hypothesized binding between collagen and G-block could also potentially interfere with the

self-aggregating nature of collagen after the collagen solution has been neutralized by occupying



3.2. RHEOLOGY 131

or binding to certain areas of the helix slowing down the gelling process. This could potentially
cause the shift recorded values in the temperature ramp where the rate of increase in G modulus
value is elevated after a certain temperature. Further, alginate, both G- and M-blocks are capable
of forming acidic gels. Here the G-block was dissolved in DPBS and added to the acidic collagen
solution before the resulting sample was neutralized. M-monomers and G-monomers of alginate
have pKa values at 3.38 and 3.65 in 0.1 M NaCl respectively (Haug (1964))) and can form acidic
gels if pH is lower than pKa (Draget et al.| (1994)). Given that the acid-dissolved collagen had a
pH lower than the pKa of G-monomers the G-block could have initiated a formation of an acidic
gel. The time it took from the addition of G-block in DPBS to acidic-collagen and for the sample
to be neutralized was between 1-2 minutes. This could potentially have been enough time for
the G-blocks to initiate interactions, however these interactions would most likely be halted by
adjusting the pH of the solution to over the pKa of G-monomers. Never the less, it could be

enough to influence the strength of the collagen gel.
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Chapter 4

Conclusion

4.1 Immunohistochemistry

Antibody staining by the way of immunohistochemistry is a relatively simple procedure. It is
however simultaneously a procedure where the resulting quality of the stain can depend on a
variety of factors. Some of those factors have been encountered and discussed in this thesis.
Regarding collagen IV, the antibody used to stain for collagen IV appeared to give a high degree
of artefact staining and background noise. The attempted optimization, by varying pH, dilution
and incubation time, did not produce any viable results with the polyclonal collagen IV antibody
from Millipore. For fibronectin the mice that received 10 doses of G-block had a significant
difference in the amount of DAB+ relative to nuclear staining while the 4 dose category had no
significant results. Since fibronectin is not present in high amounts in healthy tissue a potential
decrease in the amount of fibronectin relative to nuclear staining, as a potential consequence of
the G-block treatment, is an encouraging result. o-SMA staining did not have any significant

differences in the amount of DAB+ relative to nuclear staining for either the 4 dose or 10 dose

group.

There were no apparent differences with regards to what effect the three doses of G-block (0.5
25 and 560 mg/kg) had on the amount of fibronectin and a-SMA within the tumor tissue. This
was confirmed with an ANOVA test. The potential lack of dose response was also present in
a previous study done by Draget and Nordgard where the tumor sizes were evaluated (Figure

[I.9). A decrease in tumor size for tumors treated with G-block relative to the control tumor was

133



134 CHAPTER 4. CONCLUSION

apparent in their study (Figure [I.9). It does however not seem like there was an apparent dose
response between the three concentrations of G-block used there. That ties in with the results

found here concerning fibronectin.

4.2 Rheology

The improper lowering of the oil basin caused contact between the metal of the oil basin and
the metal in the thermal cover which in turn caused unreasonable G’ modulus value as well as a
seemingly temperature insensitivity to the chosen temperature range, in which collagen should
exhibit changes in both G’ and G” moduli in addition to the phase angle. By resolving this
the testing of collagen with and without G-block could commence. An addition of G-block to
collagen gel appears to significantly shift the temperature in which G’ modulus has a heightened
rate of increase, from 20-22°C for collagen gel alone to 24-28°C for collagen gel with added
G-block. A frequency dependent response was documented for both collagen with and without
added G-block in the frequency sweep at the frequency range 1-10 Hz, the instrument used 4
minutes to measure the interval 1-10 Hz. The increase in G’ modulus value was greater in the 1-
10 Hz interval in the frequency sweep than for an arbitrary 4 minute interval, based on datapoints
from the temperature hold, frequency sweep and strain sweep, calculated from a trendline. This
serves to suggest that even though the gels did not show signs of reaching an apparent equilibrium
during the temperature hold, the G* modulus increase seen in the frequency sweep was higher
than the calculated expected increase in the same time interval. It is therefor plausible to believe
that both the collagen gel with and without G-block added exhibit frequency dependence and

that these gels are possibly physical gels.

The addition of higher doses of G-block might increase the elastic-like behavior of collagen
gel by increasing the maximum value for the G> modulus and also by potentially altering the
gels response to large scale deformation. Collagen gel with 1.25, 0.62 mg/ml and collagen
gel alone appears to not exhibit a catastrophic break when subjected to a strain sweep (0.01-
100%) indicating that these gels, remained as weak physical gels. Whilst collagen gel with 5.00
mg/ml and possibly 2.50 mg/ml appears to undergo a catastrophic break or is in the process
of undergoing such a break (for 2.50 mg/ml G-block added), this might be indicative of strong

physical gels. The variations between parallels with regard to recorded G* modulus values makes
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it difficult to draw any clear conclusions concerning the effect of G-blocks on collagen. The G’
modulus variations between parallels could potentially be caused by heat transference during
sample preparation. The heat sensitivity of this system is an issue that needs to be resolved and

by achieving that the parallels might exhibit more similar G’ modulus values.
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Chapter 5

Future work

5.1 Immunohistochemistry

It would be of great interest to do a series of western blots in order to potentially verify the
findings from the fibronectin staining and also investigate @-SMA further. Western blot is a more
quantitative method than IHC and as such it could allow for better data analysis. The software
used to analyze the blots would be able to give quantitative data about the amount of protein
within each band in the blot. Further, acquiring an other collagen IV antibody and optimizing for
that in order to check whether the nuclear staining and intracellular staining obtained with the
collagen IV antibody (from Millipore (AB8201)) was true or the product of artefact staining. If
staining with the new collagen I'V antibody showed different staining it would also be of interest

to include this in a western blot trial.

A previous study on G-block (Draget and Nordgard| (2015))) demonstrated a decrease in tumor
growth when treating with RiXOVA in a pancreatic tumor model xenografted into mice. This
was done with both RiXOVA as a single vehicle and in combination with Gemcitabine. Because
of this decrease in tumor size it would be interesting to stain for Ki-67. Ki-67 is a protein
strictly associated with cell proliferation (Scholzen and Gerdes (2000)) and as such it could be
interesting to see if the addition of RiIXOVA, RiXOVA with Gemcitabine and Gemcitabine alone
had different impacts on cell proliferation by comparing the amount of Ki-67 staining obtained

with the three variations mentioned above relative to a control tumor.
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In Deer et al.|(2010) the differences in phenotype and genotype between various tumor models
for pancreatic cancers are discussed and it is stated that there exist some differences between the
cell-lines with regards to cell adhesion in relation to ECM, cell migration and tumorigenicity (a
cell lines ability to produce tumors in vivo). Because of this an evaluation of the tumor model
could be beneficial as there exists differences between the tumor models that were investigated
by Deer et al. (2010). Further, with respect to the briefly discussed potential of an upregulation
of the expression of ot-SMA versus a decrease in breakdown of a-SMA, performing an mRNA
analysis of the gene expression of the @-SMA encoding gene could glean further insight into
whether there is a decrease in breakdown or upregulation of gene expression with regards to -
SMA. This might in turn help to potentially further the understanding of whether G-block affects

the MMPs which in turn would have an effect on the breakdown of a-SMA.

5.2 Rheology

In terms of continuing to explore the effect of G-block on collagen gel the first problem that
needs to be resolved is the temperature sensitivity for this system in order to hopefully achieve
parallels that display a greater consistently in G’ modulus value. By achieving this the differ-
ences discovered will be less likely to be caused by a sub-optimal protocol. Additionally, the
concentration of collagen relative to the solvent should could also benefit from an evaluation
and optimization. The minimum concentration of collagen needed to form a gel is said to be
at 1.5 mg/ml (Djabourov et al.| (1993)), the collagen gel used here is at 2 mg/ml and it should
be enough to form a gel, but it could be of interest to see if an increase or decrease in collagen
concentration could potentially stabilize the system. Furthermore, the results regarding the in-
crease in temperature relative to the G’,pq, of the G’ value needs to verified by performing
several parallels. An evaluation of cone and plate geometry versus plate-plate serrated geometry
might also be of interest as there were observed signs of slip in the temperature hold. However,
serrated geometries might require more material as the serrated geometries are of the parallel
plate type. Furthermore, a cone and plate as used here has a constant and uniform deformation
rate within the gap whist parallel plates do not. As such, the benefits and drawbacks need to be

further evaluated.

In addition to optimize for stability regarding heat sensitivity an evaluation concerning the type
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of collagen used could be relevant. Here the dried collagen was dissolved in-house, ordering and
comparing pre-dissolved collagen with the one dissolved in-house could reveal if there are some

potential problems with solution uniformity.

Wgien (2015) performed diffusion studies on Matrigel with and without G-block and used IgG
and tartrazine as markers. She found that the addition of G-block to Matrigel increased the
diffusion rate of IgG and tartrazine. Because of that it could be relevant to explore whether or
not an addition of G-block in collagen gel would increase the diffusion rate of IgG and a dye
color. An increase in diffusion rate would impy an increased permeaibility, suggesting that G-
blocks might alter the stucture of the collagen gel. Furthermore, investigating the structure of the
collagen gel with and without G-block under a scanning electron microscope (SEM) would be
interesting in order to explore if there are any apparent changes in the structure of the networks

within the collagen gel and if these changes are caused by the addition of G-block.

Investigating what effect G-block has on pre-formed collagen gel by first making a collagen gel
then soaking said gel in a solution of G-block (e.g. in DPBS) for a given period of time before
performing compression studies on the G-block soaked gel by using a texture analyzer could be
interesting. This is because preformed collagen gel soaked in a solution containing G-block could
potentially better mimic how G-block would affect collagen in the body and it would allow for
comparing the effect of various concentrations of G-block to see if various concentrations affect
the gel in different ways like it was indicated that G-block did in this thesis. High concentration
of G-block in collagen gel appeared to give a strengthening of the gel by increasing the recorded
G’ modulus value while low concentrations of G-block appeared to not increase the recorded G’
modulus values. Lastly, further exploration of the effect G-block dosage has on the rheological
viscoelastic moduli of collagen gel could yield some greater understanding regarding how the
G-block works with collagen as it is demonstrated here that certain doses appear increases the

gel strength and others appear to decrease it.
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Appendix A

ImmunoRatio

The data presented here is the data used to make the graphs in the immunohistochemistry part
of the result section. It is also the data used for the t-tests and ANOVA tests. After the staining
procedure each slide was photographed at six different areas. There were taken three pictures
in each lobe at a 20x magnification, a total of six images per slide. The requirements each
image had to meet are listed in in part ??. The web appliation utilized can be accessed from:
http://153.1.200.58:8080/immunoratio/?locale=en and the basic mode was used. The raw data
from the webpage ImmunoRatio as well as the calculated variance and standard deviation (SD)
of the sample group are displayed withing this appendix. The variance and SD are based on the
sample group within the population (n-1) as not all of the tumor sections were included in the

analysis.
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Table A.1: The DAB™/nuclear straining results obtained from the ImmunoRatio website for each of the
three antibodies (collagen IV, fibronectin and a-SMA), the mean value of areas in each tumor and the
standard deviation (St. Dev) for each tumor.

Collagen

Tumor Areal Area2 Area3 Area4 AreaS Area6 Mean St. Dev
433 5740 7590  68.30 85.50 87.20 7470 7483 11.09
436 53.00 48.60  70.80 83.80 6260 65.10 6398 12.65
438 5450  84.30 82.10 4250 1250 3360 51.58 28.08
523 5820 6590 7520 5560 6580 61.00 63.62 6.99
524 90.80  88.80 86.90 84.50 9370  90.20 89.15 3.20
527 7820  70.60 82.70 86.70  69.10 84.00 7855 7.29
528 58.10 6460 63.10 70.10 7230 7750  67.62 7.01
Fibronectin

Tumor Areal Area2 Area3 Aread4d AreaS Area6 Mean St. Dev
432 5490 4990 413 5520 5350 38,50 4890 7.30
433 49.80 49.10 438 54.10 3850  45.10 46.70 540
435 49.00 52.10 4040 4430 34.60 3570 42,70 7.10
436 56.90 48.10 49.80 44.00 4230 5150 48.80 5.30
438 4190  50.10 3590 30.10 4950  30.70 39.70  8.90
523 3850 5500 4380 5670 30.50 43.70 4470 9.90
524 4550  51.30 59.00 4630 59.80 37.60 49.90 8.60
525 22.60  51.60  52.10 24.00 3290 3460 36.30 12.90
527 4220  36.60 4520 5120 34.60 36.80 41.10 6.30
530 32.10  28.70 3850 3290 26770 4370  33.80 6.30
SMA

Tumor Areal Area2 Area3 Area4 AreaS Area6 Mean St. Dev
432 46.20 4540 4640 4840  46.00 6090 4890 6.00
433 5470 5230 5460 5190 5150 50.70  52.60 1.70
434 4330 40.80 5470 4850 5140 5770 4940 6.50
436 60.00 61.10 51.10 5440 5530 51.80 55.60 4.10
439 5850 64.60 5340 5440 53.00 47.00 5520 5.90
523 37.10  43.00 2670 4530 4580 35.10 38.80 7.40
524 30.10  43.60 30.70  37.00 3840 33.60 35.60 5.10
525 4760 4140 2090 4420 28.10 27.60 35.00 10.80
527 4420  32.60 3790 55770 3570 57.40 4390 10.50

529 35.10 4330 4260 48.60 4480 4330 43.00 4.40




Appendix B

Protocols for immunohistochemistry

B.1 Immunostaining protocol

1. Deparafination and rehydration

Heating cabinet 30 min at 60 C
Neo-Clear 2 x 10 min
Absolute alcohol 2 x rinse

96%, 80%, 70%  Rinse
Destilled water ~ Rinse

3% H_20, 10 min

Destilled water 1-2 min

2. Heat induced epitope retrieval

Sections are placed in a plastic container with antigen retrieval buffer (10 mM Citratebuffer pH
6 or 10 mM Trisbuffer pH 9) and this is placed in a microwave at either 90 W (small container)
or 160 W (large container) for 15 minutes. Let the sections cool down to room temperature in

the container on bench.
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3. Immunostraining

Rinsing buffer S min
Primary antibodyH 1 h room temperature or over night at 4 degrees
Rinsing buffer 3 X 5 min

Dako EnVision secondary antibody 30 min

Rinsing buffer 2 x 5 min
DAB™* 1-5 min (evaluate under microscope)
Destilled water 5 min

“Primary antibody diluted with antibody dilution

4. Counterstaining and mounting

Hematoxylin 8-10 sec
Lukewarm water 2-3 min
Mount with Glycergel

B.2 Rinsing buffer and antibody diluent

Rinsing buffer — stock diluent

9,70 g THAM, Sigma
66,12 g THAM HCI, Sigma
87,68 g NaCl

1000 ml destilled water

Adjust pH to 7,4. This is a 10x stock diluent. To make the rinsing buffer- take 1:10 of stock
dilution and destilled water. Add 500 ul of TWEEN 20% VWR Chemicals.
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Antibody diluent

0,5 g bovine serum albumine, Sigma
50 ml 50 mM TBS stock pH 7,4
25 ul Tween 20, VWR Chemicals
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B.3 Example of a full experimental set-up

An example of a full experimental set-up using the optimized paramteters for fibronectin is shown

in Table B.T).

Table B.1: Example of an experimental set up using fibronectin optimized parameter as an example. The
example shows the antibody dilution used, the amount of time incubated with primary antibody and the
amount of time the DAB+ was left on each slide. The secondary antibody was incubated for 30 minutes

for all of the slides.

APPENDIX B. PROTOCOLS FOR IMMUNOHISTOCHEMISTRY

# Name Treatment Antibody dilution Incubation DAB+ (sec)
1 432 A Saline, 4 doses, control 1:50 1h RT 55+5
2 433 A Saline, 4 doses, control 1:50 1 hRT 55+5
3 434A 0.5 mg/kg, 4 doses 1:50 1 h RT 55+5
4 435A 0.5 mg/kg, 4 doses 1:50 1 hRT 55+5
5 436A 25 mg/kg, 4 doses 1:50 1 hRT 5545
6 437A 25 mg/kg, 4 doses 1:50 1 hRT 55+£5
7 438A 560 mg/kg, 4 doses 1:50 1 h RT 55+5
8 439A 560 mg/kg, 4 doses 1:50 1 h RT 55+£5
9 523 Saline, 10 doses, control  1:50 1hRT 55+5
10 524 Saline, 10 doses, control  1:50 1 h RT 55+5
11 525 0.5 mg/kg, 10 doses 1:50 1 hRT 555
12 526 0.5 mg/kg, 10 doses 1:50 1 h RT 5545
13 527 25 mg/kg, 10 doses 1:50 1 h RT 55+5
14 528 25 mg/kg, 10 doses 1:50 1 h RT 55+5
15 529 560 mg/kg, 10 doses 1:50 1 h RT 55+£5
16 530 561 mg/kg, 10 doses 1:50 1 hRT 5545
17  Mouse kidney N/A (positive control) 1:50 1 hRT 55+5
18 IgG control N/A 1:50 1 h RT 55+£5
19 Negative control N/A AB diluent only 1 hRT 55+£5
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B.4 Optimization process for antibodies

B.4.1 Collagen 1V

Table B.2: Optimization process of anti-Collagen IV. Positive control for anti-Collagen IV was human
colon.

Part1 Dilution pH DAB+ (sec) Incubation
1:50 6 120 O.N
1:100 6 60 O.N
1:50 9 30 O.N
1:100 9 30 O.N
Negative control 9 30 O.N

Part2 Dilution pH DAB+ (sec) Incubation
1:200 9 115 O.N
1:400 9 264 O.N
1:800 9 301 O.N
Negative control 9 120 O.N

Part 3 Dilution pH DAB+ (sec) Incubation
1:75 9 115 O.N
1:150 9 264 O.N
1:800 9 301 O.N
Negative control 9 120 O.N

Part4 Dilution pH DAB+ (sec) Incubation
1:150 9 95 O.N
1:150 9 100 O.N
1:150 (positive control) 9 100 O.N
Negative control 9 270 O.N
Negative control 9 280 O.N
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B.4.2 Fibronectin

Table B.3: Optimization process of anti-Fibronectin. Positive control for anti-Fibronectin was in part 2
human kidney with tumor and in part 3 and part 4 the positive control was mouse kidney.

Part1 Dilution pH DAB+ (sec) Incubation
1:100 6 251 1h RT
1:100 9 65 1h RT
Negative control 6 300 1h RT
Negative control 9 300 1h RT

Part2 Dilution pH DAB+ (sec) Incubation
1:100 9 30 O.N
1:200 9 35 O.N
1:300 9 50 O.N
1:400 9 55 O.N
1:300 (positive control) 9 70 O.N
Negative control 9 120 O.N

Part3 Dilution pH DAB+ (sec) Incubation
1:50 9 50 O.N
1:50 (positive control) 9 255 O.N
Negative control 9 120 O.N

Part4 Dilution pH DAB+ (sec) Incubation
1:50 9 70 1h RT
1:50 (positive control) 9 250 1h RT
1:50 (positive control) 9 500 1h RT
Negative control 9 250 1h RT
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B4.3 «a-SMA
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Table B.4: Optimization process of anti-a@-SMA. For part 1,2 and 3 an antibody from DAKO for a-SMA
was tested and in part 4 an antibody from Abcam was tested. Positive control for anti-a-SMA was in part
2 human colon, in part 3 it was human mammillary glands and in part 4 mouse duodenum was used. In
part 5 the positive control for 1:200 was human mammillary glands and for the 1:1600 dilution mouse
duodenum was used. In part 6 the positive control was mouse duodenum.

Part1 Dilution pH DAB+ (sec) Incubation
1:400 (DAKO) 6 60 1h RT
1:400 (DAKO) 9 55 1h RT
Negative control 6 120 1h RT
Negative control 9 120 1h RT
Part2 Dilution pH DAB+ (sec) Incubation
1:100 (DAKO) 6 25 1h RT
1:200 (DAKO) 6 30 1h RT
1:300 (DAKO) 6 60 1h RT
1:400 (DAKO) 6 85 1h RT
1:400 (positive control) (DAKO) 6 90 1h RT
Negative control 6 120 1h RT
Part3 Dilution pH DAB+ (sec) Incubation
1:50 (DAKO) 6 50 O.N
1:50 (positive control) (DAKO) 255 O.N
Negative control 120 O.N
Part4 Dilution pH DAB+ (sec) Incubation
1:50 (Abcam) 60 1h RT
1:50 (Abcam) 55 1h RT
1:50 (positive control) (Abcam) 120 1h RT
Negative control 6 150 1h RT
Part5 Dilution pH DAB+ (sec) Incubation
1:75 (Abcam) 6 40 O.N
1:100 (Abcam) 6 40 O.N
1:200 (Abcam) 6 50 O.N
1:200 (positive control) (Abcam) 6 240 O.N
1:1600 (positive control) (Abcam) 6 300 O.N
Part 6 Dilution pH DAB+ (sec) Incubation
1:75 (Abcam) 6 90 1h RT
1:100 (Abcam) 6 135 1h RT
1:200 (Abcam) 6 210 1h RT
1:100 (positive control) (Abcam) 6 170 1h RT
1:75 (DAKO) 6 45 1h RT
Negative control 9 240 1h RT
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B.5 Datasheet- Collagen IV

The datasheet for the antibody for collagen IV is enclosed here as it appears that it is no longer

available online up on searching for it.

’ Anti-Collagen IV

Polyclonal Antibody
Cat. # AB8201
Lot # 2621744

FOR RESEARCH USE ONLY
NOT FOR USE IN HUMANS

o Species
Applications. . cross-Reactivity
IH(P) H MR
Rackground

-\;Ilagen is a long, fibrous structural protein
whose function is quite different from the
globular proteins such as enzymes. Tough
bundles of collagen called collagen fibers are a
major component of the extracellular matrix
that supports most tissues and gives cells
structure from the outside, but collagen is also
found inside certain cells. Collagen has great
tensile strength, and the main component of
fascia, cartilage, ligaments, tendons, bone, and
teeth. It strengthens blood vessels and plays a
role in tissue development. There are 28 types
of collagen described in literature.

Collagen Type IV forms the structural integrity -

of the basement membrane and is present in
the placenta and eye lens. It also serves as
part of the filtration system in capillaries and
the glomeruli of.. nephron in the kidney.
Collagen IV may inhibit endothelial cell
»Pmllferation and angiogenesis via mechanisms

-lnvolving cell surface proteoglycans and the
alpha and beta integrins of endothelial cells.
Presentation

Purified  rabbit polyclonal IgG in buffer
containing 0.02 M Sodium Phosphate, pH 7.6,
0.26M NaCl containing 0.1% Sodium Azide.
Concentration ©y

1 mg/mL ’
Specificity N
Recognizes native collagen Type IV 3
Species Cross-reactivity

Tested to react in human, mouse and rat
samples.

Immunogen

Collagen 1V native protein purified from murine
sarcoma basement membrane.

pack size: 100 ug
Store at 2-8 °C

Antibody. Epitbpel Host ‘
Isotype Region Species

196 NA Rb

Molecular Weight

164 kDa

Method of Purification
Protein G Purified
Storage and Handling

Stable for 1 year at 2-8°C from date of
shipment.

Quality Control Testing

Routinely evaluated by immunohistochemistry
on human intestinal tissue.

Immunohistochemistry Analysis:

A 1:50-1:500 dilution of this lot detected strong
‘membrane staining of basement membrane in
the lamina propria of formalin-fixed, paraffin-
embedded human intestinal tissue.

Certificate of Analysis

page 1 of 2

Molecular

Weight Accession #

164 kDa P02463

Immunohistochemistry Analysis:

Staining on formalin-fixed, paraffin-embedded
human intestinal issue. Tissue pretreated with
citrate buffer, pH 6.0 using high heat epitope
refrieval techniques. Antibody diluted to 1:100 and
detected using Millipore’s IHC Select HRP-DAB
detection kit protocol (Cat .No. DABOQ50).
Immunoreactivity is seen as strong membrane
staining of basement membrane in the lamina
propria. :

APPLICATION LEGEND: WB Western Blotting IP Immuno

1H(P) Immunohistochemistry (Paraffin)

SPECIES LEGEND: H Human M Mouse R Rat Rb Rabbit WR Most Common Vertebrates
Please visit www.millipore.com for additional product information, test data and references.
Submit your published journal article, and earn credit toward future Millipore purchases. Visit www.millipore.com/publication_rewards to learn more!

precipitation 1C Immunocytochemistry IF Immunofiuorescence

upstate | CHEMICON | %eo

THE EXPERTISE OF UPSTATES, CHEMICON® AND LINCO®
15 NOW A PART OF MILLIPORE

Rev.B/2014-09-18/AB8201CA/RB



Appendix C

Rheology

C.1 Example of raw data

The raw data presented here is an example of some of the raw data obtained from the rheometer
and its computer program “rSpace for Kinexus”. After obtaining the raw data it was exported
to Excel. The data displayed here is intended to serve as an example of rheological data used in
this thesis. The data stems from a sample of collagen dissolved in 2 ml acetic acid before being
mixed with 555 ul DPBS and 47 ul 7.5% sodium bicarbonate. The sample was made and tested
on the 21st of July.
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Table C.1: Example of relevant rawdata from the Rheometer for a collagen sample run on the 21st of July.
The data displayed is from a temperature ramp 4-37°C with constant strain and frequency (0.1% and 1
Hz).

Time (s) Temperature (C) Frequency (Hz) Complex shear strain (%) G’ (Pa) G” (Pa) Phase angle (8) Torque (N m)

30 4,32 1 0.0989905 0.103 0.2772 69.61 4.91E-09

60 4.62 1 0.100084 0.134 0.2531 62.09 4.80E-09

90 5 1 0.0998367 0.1411 0.2525 60.81 4.84E-09
120 5.46 1 0.100147 0.1554 0.2454 57.66 4.87E-09
150 5.95 1 0.100973 0.1408 0.2354 59.12 4.64E-09
180 6.47 1 0.100281 0.1357 0.2237 58.76 4.40E-09
210 6.99 1 0.100855 0.1449 0.2318 57.98 4.62E-09
240 7.52 1 0.100818 0.1494 0.2377 57.86 4.74E-09
270 8.05 1 0.1013 0.1375 0.233 59.46 4.59E-09
300 8.57 1 0.102322 0.1589 0.2116 53.1 4.54E-09
330 9.1 1 0.0999464 0.1443 0.2246 57.28 4.47E-09
360 9.62 1 0.10026 0.1421 0.2227 57.46 4.44E-09
390 10.14 1 0.0998685 0.1489 0.2309 57.18 4.60E-09
420 10.66 1 0.100539 0.1611 0.2218 54.02 4.62E-09
450 11.17 1 0.100228 0.1667 0.2328 54.38 4.81E-09
480 11.68 1 0.0998538 0.1698 0.2155 51.76 4.59E-09
510 12.19 1 0.100332 0.1857 0.2255 50.53 4.91E-09
540 12.7 1 0.101077 0.199 0.2218 48.11 5.05E-09
570 13.21 1 0.0995449 0.2151 0.2309 47.02 5.26E-09
600 13.72 1 0.0994731 0.2462 0.2342 43.57 5.66E-09
630 14.23 1 0.099348 0.2853 0.273 43.74 6.57E-09
660 14.73 1 0.09926 0.3491 0.2907 39.79 7.56E-09
690 15.24 1 0.0991979 0.4712 0.3312 35.1 9.57E-09
720 15.75 1 0.098968 0.6443 0.3966 31.62 1.26E-08
750 16.25 1 0.0989919 0.9281 0.492 27.93 1.74E-08
780 16.76 1 0.0982321 1.379 0.6307 24.57 2.50E-08
810 17.27 1 0.098404 2.098 0.8389 21.8 3.73E-08
840 17.78 1 0.0989782 3.228 1.099 18.81 5.66E-08
870 18.28 1 0.0987016 5.008 1.442 16.06 8.62E-08
900 18.77 1 0.0959471 7.399 1.912 14.49 1.23E-07
930 19.26 1 0.0981678 10.77 2.449 12.82 1.82E-07
960 19.75 1 0.0964177 15.53 3.084 11.23 2.56E-07
990 20.24 1 0.0978939 21 3.744 10.11 3.50E-07
1.02E+03 20.75 1 0.098406 27.69 4.639 9.51 4.63E-07
1.05E+03 21.27 1 0.104067 35.08 5.344 8.66 6.19E-07
1.08E+03 21.78 1 0.101461 43.55 6.399 8.36 7.48E-07
1.11E+03 22.28 1 0.100114 50.85 7.159 8.01 8.61E-07
1.14E+03 22.79 1 0.0993703 58.08 7.819 7.67 9.76E-07
1.17E+03 23.3 1 0.0990224 64.78 8.235 7.24 0.000001083
1.20E+03 23.8 1 0.0969616 70.65 8.925 72 0.000001157
1.23E+03 24.31 1 0.0986259 76.11 9.387 7.03 0.000001267
1.26E+03 24.81 1 0.101304 80.39 7.708 5.48 0.000001371
1.29E+03 25.31 1 0.101587 85.9 10.24 6.8 0.000001472
1.32E+03 25.82 1 0.10774 89.81 10.18 6.46 0.000001632
1.35E+03 26.32 1 0.0998767 93 10.24 6.28 0.000001566
1.38E+03 26.83 1 0.101526 96.79 10.62 6.26 0.000001656
1.41E+03 27.34 1 0.104039 100.4 8.987 5.11 0.000001758
1.44E+03 27.84 1 0.096946 105.5 11.49 6.21 0.000001724
1.47E+03 28.34 1 0.0973624 109.2 11.85 6.19 0.000001792
1.50E+03 28.84 1 0.111238 112.8 11.97 6.06 0.000002114
1.53E+03 29.34 1 0.103813 116.1 11.93 5.87 0.00000203
1.56E+03 29.84 1 0.0995244 119.9 11.84 5.64 0.000002009
1.59E+03 30.34 1 0.101564 124.9 12.37 5.66 0.000002136
1.62E+03 30.84 1 0.0996266 128.8 12.43 5.52 0.000002159
1.65E+03 31.35 1 0.101649 132.7 12.55 5.4 0.00000227
1.68E+03 31.85 1 0.100581 136.2 13.24 5.55 0.000002306
1.71E+03 32.35 1 0.100783 140.5 13.91 5.65 0.000002384
1.74E+03 32.85 1 0.0995703 145.7 12.92 5.07 0.00000244
1.77E+03 33.35 1 0.101347 150 13.91 53 0.000002558
1.80E+03 33.85 1 0.105084 153.7 14.56 5.41 0.000002719
1.83E+03 34.36 1 0.0974855 156.8 12.57 4.58 0.00000257
1.86E+03 34.86 1 0.0978397 162.2 14.11 4.97 0.00000267
1.89E+03 35.36 1 0.0997899 170.7 15.31 5.12 0.000002866
1.92E+03 35.86 1 0.10073 175.5 14.6 4.76 0.000002972
1.95E+03 36.36 1 0.100402 181 15.31 4.83 0.000003057

1

1.98E+03 36.86 0.0997749 187.6 16.08 4.9 0.000003147
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C.2 Programmed sequences on rheometer

C.2.1 Collagen sequence

Temperature ramp (1°C/min) ~ Temperature hold (Sh)  Frequency sweep  Strain sweep

Temperature (°C) 4 -37 37 37 37
Frequency (Hz) 1 1 0.01-10 1
Strain (%) 0.1 0.1 0.1 0.01 - 100

C.2.2 Gelatin sequence

Temperature ramp (1°C/min) ~ Temperature hold (1h)  Temperature ramp (1°C/min)

Temperature (°C) 60 - 20 20 20 - 60
Frequency (Hz) 1 1 1
Strain (%) 0.1 0.1 0.1

C.2.3 ConCordix sequence

Temperature ramp (2°C/min) ~ Temperature hold (15 min) ~ Temperature ramp (2°C/min)

Temperature (°C) 60 - 20 20 20 - 60
Frequency (Hz) 1 1 1
Strain (%) 0.1 0.1 0.1

C.24 Collagen sequence- additional temp hold

Temperature ramp (1°C/min)  Temp. hold (5h)  Frequency sweep  Strain sweep  Temp. hold (1 h)
Temperature (°C) 4 -37 37 37 37 37
Frequency (Hz) 1 1 0.01-10 1 1
Strain (%) 0.1 0.1 0.1 0.01 - 100 0.1
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C.3 Datasheet- Rat tail collagen

For life science research only.
Not for use in diagnostic procedures.

Collagen (rat)

From rat tail tendon
Lyophilizate, cell culture grade

Cat. No. 11 179 179 001
3 vials of 10 mg

Version 16
Content version: November 2013

Store at +2 to +8°C

Product overview

Formulation Lyophilized, cell culture grade, free of microorganisms as
tested using an established microbiological enumera-

tion test.

Preparation Collagen is purified from rat tail tendon by a modifica-
tion of the method of Bornstein (1, 2). Collagen from rat

tail consists mainly of type | collagen.

Reconstitution It is recommended to dissolve the lyophilizate in sterile
0.2% acetic acid (v/v). For best results, dissolve the cell
culture grade lyophilizate in sterile 0.2 % acetic acid (V/v).
In sterile 0.2 % acetic acid (v/v), this product can be used

in cell culture without further filtration.

For the preparation of collagen gels, the content of the
bottle should be dissolved in 3.3 ml sterile 0.2% acetic

acid (v/v) each. This results in a final concentration of

3 mg/ml.

For coating culture dishes the final concentration should
be 1 -2 mg/ml.

@ For dissolving: do not stir, just pour the acetic acid
onto the lyophilizate and let it stand for several
hours until it has dissolved. For fully dissolve the
product an incubation for up to a maximum of 24 h
at +15 to +25°C may be required.

Biological activity The collagen is tested for the promotion of adherence of
human umbilical vein endothelial cells (HUV-EC).

Working
concentration

The recommended concentration for the coating of cell
culture vessels is 5 pg/cm?.

For the production of collagen gels a final concentration
of 2 - 3 mg/ml is used.

Species specificity Collagen (rat tail) is active on most vertebrate cells.

Application « Collagen (rat tail) is used as a substrate for the cul-

ture of cells.

Collagen (rat tail) can either be used for the

- coating of surfaces (culture vessels, slides, cover
slips, etc)) or

- for the preparation of collagen gels.

.

Stable at +2 to +8°C until the expiration date printed on
the label.

(@ The reconstituted solution in sterile acetic acid is
also stable at+2 to +8°C.

Storage/
stability

Procedures and required material

Coating cell culture dishes with collagen

Overview Rat tail collagen is useful for cultivating cells which need
a substrate to grow and to proliferate. Collagen as a
substrate is used in the form of either a thin film of dried
collagen or a hydrated collagen gel (3-12). A thin film of
dried collagen is prepared by spreading the collagen

solution onto the surface of a dish and air dried.

Additionalreagents+ sterile 0.2% acetic acid (v/v)
required + medium or buffer for washing purposes

Procedure Coating of cell culture dishes with collagen (= collagen

film). Please refer to the following table.

Step Action

1 |Dissolve each vial of the lyophilized Collagen

with 5 ml sterile 0.2% acetic acid (v/v) to give a

final concentration of 2 mg/ml.

2 |Pipette 2.5 ul of this solution (2 mg/ml) per 1 cm?

surface area to be coated (5 pg/cm?).

(@ This can be increased or decreased to fit the
application.

3 |Carefully spread the collagen solution with a
sterile rubber policeman on the bottom of the
culture dish.

4 | Air dry for about 60 min at +15 to +25°C in the
laminar flow hood.

5 |ltis possible, but not essential, to wash the
coated surface with medium or buffer.

6 |The dishes can be used immediately or stored
under sterile conditions.

Preparation of collagen gels

Overview Collagen gels can be prepared by a number of different

procedures.

One method consists of exposing ammonia vapor to the
collagen solution (see method 1).

Another method consists of adjusting the pH and ionic
strength of the collagen solution (see method 2).

For the three dimensional culture of various cell types,
the rat tail collagen gel has proved to be an easy and
useful system. For the two systems working instructions
are given below. Work should be done under a laminar
flow hood.

Handling
instructions

To allow for the formation of a homogenous gel and to
avoid clump formation do not or only very carefully
move culture vessels during gel formation.

After attachment of the cells, the gel can be detached

from the dish with a sterile pipette tip and allowed to
float in the medium.

Additional material + 0.2% acetic acid (v/v), pH 3.0 or 1 mM hydrochloric
required acid, pH 3.0

phenolred (optional)

25% ammonia solution (v/v)

cell culture medium

35-mm petri dish

60-mm petri dish

1113.11199714001 6

www.roche-applied-science.com



C.3. DATASHEET- RAT TAIL COLLAGEN

Method 1

Please refer to the following table.

Step Action

1 |Dissolve each vial of the lyophilized Collagen in

3.3 ml sterile 0.2% acetic acid (v/v), pH 3.0 or

1 mM hydrochloric acid, pH 3.0.

This gives a final concentration of 3 mg/ml.

@ If 2 wl/ml phenolred is added, the change of
the pH is easier to control.

2 |Let it stand overnight for swelling up.

3 |Pipette 100 wl of this collagen solution per 1 cm?

surface area to be covered into the culture vessel.
This gives an approximately 1 mm thick col-
lagen gel layer.

4 | The collagen solution is then exposed to ammo-
nia vapors at +15 to +25°C or +37°C.

5 | An example for preparing a collagen gel in a 35-

mm dish:

« Pipette 100 .l 25% ammonia solution (v/v) into
a 60-mm petri dish.

« A 35-mm dish containing 1ml collagen solution
is placed in the 60-mm dish which is then
closed.

@ If phenolred is present in the collagen solu-
tion, the change of the pH can be easily
observed (color change to neutral).

« If there is no pH indicator in the collagen solu-
tion the 35-mm dish should be removed after
max. 2 min.

® If the gel layer is thicker the gel needs longer
to solidify.

6 | After about 2 min the gel should be solidified.
Equilibrate the gel with an appropriate amount
of medium for 30 min.

(@ This is necessary to remove excess ammonia
which is toxic to the cells. A longer period
for equilibration is needed for a thicker col-
lagen layer.

7 |Aspirate the medium.

8 |Then the cell can be seeded onto the gel.

Additionalreagents« sterile 0.2% acetic acid (v/v), pH 3.0 or 1 mM hydro-

required

Method 2

chloric acid, pH 3.0.
sterile 10 x (5 x) concentrated medium, with sodium
bicarbonate, pH 74,

@ Check the instructions provided by the supplier of
the 10 x (5x) concentrated medium regarding the
appropriate amount of sodium bicarbonate for the
specific medium used.

sterile (10 x) 0.2 M Hepes, pH 7.3 [dilute 1 M Hepes

tissue culture tested, 1 : 5 with sterile double dist.

water]

Please refer to the following table.

Step Action

1 |Dissolve each vial of the lyophilized Collagen in
3.3 ml sterile 0.2% acetic acid (v/v), pH 3.0 or

1 mM hydrochloric acid, pH 3.0.

This gives a final concentration of 3 mg/ml.

2 |Mix the following solutions at +2 to +8°C, avoid

the formation of air bubbles:

« 1 (or 2) parts of sterile 10 x (5 x) concentrated
medium, with sodium bicarbonate, pH 7.4,

« 1 part of sterile (10 x) 0.2 M Hepes, pH 73
[dilute 1 M Hepes tissue culture tested, 1:5
with sterile double dist. water],

« 8 (or 7) parts of the sterile collagen solution.

The mixture remains liquid at +2 to +8°C.

3 |Pipette 100 pl of this neutralized collagen solu-
tion per 1 cm 2 surface area to be covered into
the culture vessel.
This gives an approximately 1 mm thick col-
lagen gel layer.

Subculture of cells

Embedding cells in
collagen gels

Changes to
Previous Version

References

6 | The cells are plated as usual.

To allow the formation of a homogeneous
gel and to avoid clump formation do not or
very carefully move culture vessels during gel
formation.

To subculture the cells, the collagen gel can be digested
with collagenase (e.g., collagenase A*, 0.1% in HBSS for
approximately 10 to 20 min or until the gel is digested at
+37°C).

The cells can be recovered and washed by centrifuga-
tion.

® Cells must be washed, to be completely free of colla-
genase if they are to be cultured on collagen again. If
the cells are in clumps, single-cell suspensions can be
prepared by further digestion with trypsin/EDTA* or dis-
pase*.

For embedding cells in collagen gel, suspend the cells in

medium at 100x their final desired concentration and

mix 1 part of the cell suspension with 100 parts of neu-

tralized collagen solution at +2 to +8°C.

Pipette an appropriate volume into the culture vessel

and incubate at +15 to +25°C or +37°C.

Add medium to the cells immediately after the gel has

solidified.

@ The ratio of cell suspension to collagen solution can
be varied but this will result in a variation of the gel
consistency.

« Clarification of step in Method 2 using 10 x (5 X)
concentrated medium.

« Editorial changes.
« Licence disclaimer added
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*available from Roche Applied Science

Trademark

All product names and trademarks are the property of their respective

owners.

License Disclaimer

For patent license

limitations for individual products please refer to:

www.technical-support.roche.com.

Regulatory Disclaimer
For life science research only. Not for use in diagnostic procedures.

Contact and Support

To ask questions, solve problems, suggest enhancements and report new
applications, please visit our Online Technical Support Site.

To call, write, fax, or email us, visit the Roche Applied Science homepage,

www.roche-applied-science.com, and select your home country.
Country-specific contact information will be displayed.

4 |Incubate for approx. 2-3 h at +15 to +25°C or at

37°C in a humidified atmosphere to allow gel for-

mation.

(@ The culture dishes can be stored at +2 to
+8°C under sterile conditions.

5 |Before inoculating the cell suspension it is rec-
ommended to cover the gel with medium for
about 15 min for equilibration.

Roche Diagnostics GmbH
Sandhofer Strasse 116
68305 Mannheim
Germany
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C.4 Datasheet- Gelatin

Improving Quality of Life™
Faneis s
LA S A

CERTIFICATE OF ANALYSIS

Order no.:
Batch No.:

166868
631150

GELITA® Bovine Gelatine

150 Bloom, Ph.Eur.

Pharmaceutical Grade

Ayanda AS

Customer:

Parameter
Jelly strength
Viscosity

Loss on drying
pH

Conductivity

Peroxides
Chromium*

Iron*

Zinc*

Sulphur dioxide*

Total Aerob.Microb.Count
Total Yeast/Mould Count
Escherichia coli
Salmonella

Production Date: 01.09.2011 Expiry time: 5 years

Tromsoe, Norway
Test Method Specification Test Result
Ph. Eur./GME (6,67%) 140 - 160 156 g Bloom
GME (6,67%, 60° C) 3,3-40 3.5 mPa.s
Ph. Eur./GME (16 h, 105 °C) 9,0-15,0 111 %
6,67 %, 60 °C 50-59 56
Ph. Eur. (1%, 30°C) <=1000 90 pS/cm
Ph. Eur./GME <=10 corresponding mg/kg
ICP-OES <=10,0 corresponding mg/kg
ICP-OES <=30,0 corresponding mg/kg
ICP-OES <=30,0 corresponding mg/kg
Ph. Eur./GME <=10 corresponding mg/kg
Ph. Eur./USP <1000 corresponding cfu/ g
Ph. Eur./USP <100 corresponding cfu/ g
Ph. Eur./USP 0 negative /g
Ph. Eur./USP 0 negative /10g

* The parameter is monitored according to an internal quality programme

This certificate was made electronically and therefore it is valid without a signature
signed: Dr. Andreas Probst on 07.09.2011

Product release

Quality assurance:
Material management:

Dr. Andreas Probst
Gunter Grab

07.09.2011
07.09.2011

STDANA-5-26.07.2010/AWKNR2-2010062400/HOFMANN/166868/07.09.2011 12:54:07
GELITA AG - UferstraRe 7 - D-69412 Eberbach

Page 1 of 1
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C.5 Frequency sweep data

Table C.2: The recorded G’ value at 1 Hz and at 10 Hz as well as the increase in G’ between 1 Hz and 10
Hz during the frequency sweep. The strain and temperature were kept constant (0.1% and 37°C). It took
the program 4 minutes to go from 1 Hz to 10 Hz.

Name G’ (Pa)atl1Hz G’ (Pa)at10Hz Increase (%)

Bl 2158 2291 5.8
B2 931.1 976.9 4.6
B3 1723 1803 44
CI* 927 1055 12.1
C2 3378 3526 4.2
C3 1499 1566 4.3
C4 - -

D1* 1804 1911 5.6
D2 2522 2605 3.2
D3 3629 3670 1.1
D4 2818 3002 6.1
E1* 4836 5038 4.0
E2 1315 1399 6.0
E3 2090 2201 5.0

E4 637.1 689.1 7.5
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Table C.3: Changes in G’ modulus value from the end of the temperature hold, through the frequency
sweep and strain sweep as well as the overall percentage increase in G* modulus through the entire period
and also for a 4 minute interval. The 4 minute interval corresponds to the time it took for the instrument
to go from 1-10 Hz in the frequency sweep.

Name G’ (Pa)temp. hold G’ (Pa)in freq. sweep G’ (Pa) in strain sweep  Increase (%) overall — Increase (%) 4 min
Bl 2069 2158 2210 6.4 0.9
B2 908.2 931.1 950.7 4.4 0.6
B3 1700 1720 1740 23 0.3
Cl* 987.9 927 734.2 -345 -3.7
C2 3131 3378 3512 10.8 1.9
C3 1410 1499 1500 6.0 0.9
C4 - - - - -
D1* 1666 1804 1423 -17.1 -1.9
D2 2482 2522 2559 1.6 0.4
D3 3328 3629 3602 7.6 1.1
D4 2645 2818 2876 8.0 1.2
El* 4751 4836 2249 -111.2 -15
E2 1235 1315 1360 9.2 1.4
E3 2070 2090 2124 2.4 04
E4 620 637.1 671.6 7.6 1.1




C.6. GELLING KINETICS 169

C.6 Gelling Kinetics

Table C.4: Overview of the various concentrations of dissolved G-block in 1:10 DPBS stock added in
the making of collagen gel. The values for G’»pg and Tsgg, are calculated from G’ 4. Due to numerous
K019 error codes for parallel C4 at the 2.50 mg/ml G-block concentration this parallel is excluded from
data analysis.

Treatment Parallel name G’;n  Guax G20 Tao9 (°C)
No G-block Al 454 112.80 2256 20.00
No G-block A2 026 6146 1229 21.00
No G-block A3 0.10 187.60 37.52 21.50
5.00 mg/ml G-block BI 1.73 13820 27.64 25.00
5.00 mg/ml G-block B2 031 16480 3296 25.50
5.00 mg/ml G-block B3 075 1933 38.66 25.80
2.50 mg/ml G-block Cl1 052 3736 747 25.00
2.50 mg/ml G-block C2 3.06 5431 10.86  27.00
2.50 mg/ml G-block C3 1.02 6942 13.88 26.00
2.50 mg/ml G-block C4 - - - -

1.25 mg/ml G-block D1 1.50 1499  2.99 18.00
1.25 mg/ml G-block D2 0.08 2743 549 28.50
1.25 mg/ml G-block D3 0.18 70.23  14.05 27.00
1.25 mg/ml G-block D4 219  67.62 1352 26.50
0.62 mg/ml G-block E1 037 46.04 921 24.00
0.62 mg/ml G-block E2 0.78 81.08 16.22 26.00
0.62 mg/ml G-block E3 024 7241 1448  27.00

0.62 mg/ml G-block E4 1.10  40.21 8.04 27.00
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Appendix D

Examples of R-scrips

D.1 Immunohistochemistry

#for fib 43x

PercentGrl.1 <— Percentl [1:12]
PercentGrl .2 <— Percentl [13:30]
#t—test, 2—halet 0.05 p

t.test(PercentGrl.1, PercentGrl .2, conf.level = 0.95)
#for fib 52x

PercentGr2 .1 <— Percent2[1:12]

PercentGr2 .2 <— Percent2[13:30]

#t—test

t.test(PercentGr2.1, PercentGr2.2, conf.level = 0.95)

#plot

boxplot(Percentl "Treatmentl , data=tempfibIHC,
ylab="%_DAB+/Nuclear_staining”,

names=c (74327, 74337, 74357, 74367, "4387))
boxplot(Percent2 " Treatment2 , data=tempfibIHC ,
ylab="%_DAB+/Nuclear_staining”,

names=c (75237, 75247, 75257, 75277, 7”5307))
#ANOVA Fibronectin 43x og 52x
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testGrl = aov(Percentl "Treatmentl , data = tempfibIHC)
summary (testGrl)

TukeyHSD (testGrl , conf.level = 0.95)

testGr2 = aov(Percent2 Treatment2 , data tempfibIHC)
summary (testGr2)

TukeyHSD (testGr2 , conf.level = 0.95)

D.2 Rheology

GrA <— T_20StoreMod|[1:3]

GrB <— T_20StoreMod[4:6]

GrC <— T_20StoreMod[7:9]

GrD <— T_20StoreMod[10:13]

GrDadjust <— T_20StoreMod[11:13]

GrE <— T_20StoreMod[14:17]

Control <— T_20StoreMod|[1:3]

Treated <— T_20StoreMod[4:17]

#t—test , 2—halet 0.05 p

t.test(Control, Treated, conf.level = 0.95)
0.95)
t.test (GrA, GrC, conf.level = 0.95)
t.test (GrA, GrD, conf.level = 0.95)
t.test (GrA, GrDadjust, conf.level = 0.95)
t.test (GrA, GrE, conf.level = 0.95)
#ANOVA and Tukey

t.test (GrA, GrB, conf.level

Temp = aov(T_20StoreMod™ Treatment, data = X20PercentofTmax)
summary ( Temp )

TukeyHSD (Temp, conf.level = 0.95)



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	


