
























































































































































































































































































































































































































































































































































































































































































































































7.4.1.1 EFFECTS OF CAPSAICIN IN INDUCING APOPTOSIS IN MELANOMA
CELLS ASSESSED BY DNA DAMAGE ASSAY

The effects of capsaicin in inducing apoptosis in melanoma cells were also
investigated using a DNA Damage assay (see Figure 7.6). Capsaicin treated cells were
compared to control media treated cells.

For HBL cells capsaicin concentrations of 300uM, 400uM, and 500uM
significantly reduced HBL cells viability to 57.8%, 57.1% and 48% (p<0.001 in all
cases). The IC50 value was around 480uM capsaicin.

A375SM cell viability was significantly reduced to 68.7% at 300uM capsaicin
concentrations (p<0.01) and the IC50 value was 440uM. The IC50 value for C8161
cells was 500uM capsaicin (p<0.05).

Fibroblasts were not affected by the effects of capsaicin up to 500uM (p>0.05).

20uM camptothecin, which was used as a positive control, significantly reduced
viability of HBL and A375SM cells (p<0.001) whilst not significantly reducing C8161

cell viability (p>0.05). 20uM camptothecin had no effect on fibroblasts viability.
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Figure 7.6. Effects of capsaicin (unM) in inducing apoptosis in melanoma cells and
fibroblasts - DNA damage assay. ® = HBL cells, ® = A375SM cells, ® = C8161 cells, ® =
Fibroblasts. Values express percentage of cells + SD. N=2 in duplicates. IC50 values are
indicated by a black dotted line. * = p<0.05; ** = p < 0.01; *** = p < 0.001, relative to
media. Campth = 20pM camptothecin.

7.4.2. EFFECTS OF HA14-1 IN INDUCING APOPTOSIS IN MELANOMA
CELLS AND FIBROBLASTS

Table 7.3 and Figure 7.7 show the effects of increasing HA14-1concentrations in
inducing apoptosis in melanoma cells and fibroblasts, compared to control media. For
HA14-1 the concentration which reduced cell viability to 50% was 102uM for
fibroblasts. This is higher than the concentration required to demonstrate the same
effects on HBL cells which was 48uM and 85uM for A375SM and C8161 cells
respectively. Fibroblasts were more resistant to higher HA14-1 concentrations

compared to melanoma cells. The IC50 value was 112uM HA14-1.
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Values are expressed as Mean+SD.

Table 7.3. Effects of HA14-1 in inducing apoptosis in melanoma cells and fibroblasts.

Nuclear Late Live Early
HBL Debris Apoptotic viable Apoptotic
Media 0.85+0.1 53+1.8 90.0 £ 5.48 39+35
20 1.3+0 12.1+85 845196 2311
30 18+06 243+99 709+ 11.3 3.1+£09
40 29+03 36.2+8.8 58.8 +8.3 22+09
50 3620 452 +46.9 48.1£45.9 31+3
60 44+12 60.4 +29.2 33.2+29.1 20+1.6
A375SM %uecgfizr Apt;ttitic vli-:ll)eie ApEc)a;al:Ztic
Media 1.8+15 119+ 115 81.7 + 181 46+52
50 1.7+0.7 11.5+£0.8 81.1+6.6 58+6.5
75 1.7+0.2 15.9+ 0.1 76.7+5.4 57+56
100 1.2+04 65.9+11.9 25.8+18.2 7.2+6.8
125 0.910.1 80.3+6.6 13.0+0.1 58+6.9
150 1.8+1.9 66.7 £27.6 22.7+146 88+ 11
C8161 Deore  Apoptetic __ viable _ Apoptati
Media 35+19 152+ 119 . 80.3+14.5 1.0£0.7
50 33+1.1 18.5+9.3 77.3+10.7 09+04
75 45+13 22.8+3.1 71614 1.2+03
100 53+29 64.9+285 2851324 131
125 52+29 841+24 95+6.8 11204
150 3911 56.1 +45.4 37.6 41 24+34
Nuclear Late Live Late
Fibroblasts Debris Apoptotic viable Apoptotic
Media 38+22 16.3+04 76529 36104
50 25+04 124 +£2.1 82919 23+06
75 3.9+07 22143 70.7 £ 3.6 3311
100 1.4+03 88123 85929 39+05
125 5.3+0.1 80.4+27 12.8+ 3.1 1.5+0.6
150 29+09 82.8+0.4 12.1+0.2 22+1.2
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Figure 7.7. Effects of HA14-1 in inducing apoptosis in (A) HBL, (B) A375SM, (C) C8161
melanoma cells and (D) fibroblasts viability. Values are expressed as Mean+SD. W=
Nuclear debris, [l = Late apoptotic, ] = Live viable, B = Early apoptotic. Values are
expressed as Mean+SD. N=2 in duplicates. Fibroblasts N=1 in duplicates. * = p<0.05; ** =
p<0.01; *** = p<0.001, relative to media.
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Figure 7.8 illustrates the effects of HA14-1 on all aspects of apoptosis and live
viable melanoma cells. For HBL cells (Figure 7.8 A), a cross-over of reduced live and
increased apoptotic cells occurred at a HA14-1 concentration just below S0uM.

For A375S8M (Figure 7.8 B), the cross-over of reduced live cell to increased
apoptotic cells was estimated at HA14-1 concentration just below 90uM.

Similarly, for C8161 cells (Figure 7.8 C) the cross-over of reduced live cells and
increased apoptotic cells was also estimated at an HA14-1 concentration just below
90uM.

For fibroblasts (see Figure 7.8 D), a cross-over for live and apoptotic cells
occurred at an estimated HA14-1 concentration just above 110uM. This HA14-1
concentration is slightly higher than the estimated HA14-1 concentrations of 50uM and
90uM to demonstrate the same effect on HBL, A375SM and C8161 cells respectively.
This shows that fibroblasts were slightly more resistant to HA14-1 than melanoma cells.

The cross-over values confirmed the IC50 values as shown above (see Figures

7.7 and 7.8).
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Figure 7.8. Effects of HA14-1 in inducing apoptosis in (A) HBL, (B) A375SM, (C) C8161
melanoma cells and (D) fibroblasts. ® = Live viable, ® = Apoptotic. Values are expressed
as Mean. N=2 in duplicates. For fibroblasts N=1.

7.4.3. EFFECTS OF COMBINED CAPSAICIN AND HA14-1 IN INDUCING
APOPTOSIS IN MELANOMA CELLS

In previous experiments, capsaicin and HA14-1 added individually were shown
to reduce live cells and induce apoptosis in melanoma cells. In the next experiments
capsaicin and HA14-1 were combined to investigate whether these agents would show a
synergistic or additive effect in inducing apoptosis in melanoma cells. Figure 7.9 shows
micrographs of A375SM melanoma cells to which were added capsaicin and HA14-1
individually and combined. Figure 7.9 (A) shows A375SM cells in media only as a
control. The cells have a long or irregular shape and a fairly central nucleus. These cells
are flattened to the culture well indicating that they are attached to the bottom of the
well. There are a few dead cells shown by the bright round-shaped cells floating in the
media. This is expected after incubating A375SM cells in media for 24h. Figure 7.9 (B)

shows A375SM cells to which were added 300uM capsaicin. This capsaicin
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concentration was demonstrated to be toxic to the A375SM cells. The majority of cells
were floating in media however, there were also some cells still attached to the well.
Figure 7.9 (C) shows A375SM cells to which 75uM HA14-1 was added to the cells.
This HA14-1 concentration became toxic as there were floating cells in media with only
a few cells remained attached to the well. Figure 7.9 (D) shows A375SM cells to which
were added 300uM capsaicin combined with 75uM HA14-1 in media. The cells were
detached from the well, indicating a toxic effect on A375SM cells. Figure 7.9 (E) shows

A375SM cells to which was added 20uM camptothecin as a positive control and this

was also toxic to the cells.
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Figure 7.9. Micrographs of A375SM melanoma cells at 24 h incubation in different
treatments (A) Control; (B) Capsaicin 300uM, (C) HA14-1 75uM; (D) Capsaicin 300pM+
HA14-1 75uM; (E) Camptothecin 20uM. Scale bars=100pm, 20 x magnification.

Figure 7.10 shows the apoptotic effects of HA14-1 and capsaicin alone and
combined compared to the predicted values for the additive effects of these agents in
inducing apoptosis.

Figure 7.10 (A) shows that the individual treatments with 30uM HA14-1 and
200uM capsaicin had little effect on live and apoptotic cells (p>0.05). Combined HA14-

1 and capsaicin showed an additive effect on HBL cells which significantly reduced live
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HBL cells from 76% of control to 40% (p>0.05) and increased late apoptotic cells from
18% in control cells to 52% (p<0.05). These results were as predicted for an additive
effect.

For A375SM cells (Figure 7.10 B), 75uM HA14-1 on its own had little effect.
300uM capsaicin on its own reduced live cells to 44% and increased apoptotic cells to
55%, but this was not significant (p>0.05). However, the combined agents significantly
reduced live A375SM cells to 18% (p<0.001) and significantly increased late apoptotic
cells to 80% (p<0.01), showing an additive effect of these combined agents as
predicted.

For C8161 cells, HA14-1 and capsaicin individually had no effect. However the
combined agents significantly reduced live C8161 cells from 84% in control cultures to
50% (p<0.05) and significantly increased late apoptotic cells from 12% in control cells
to 44% (p<0.01). This outcome clearly shows a synergistic effect (p<0.05) of these
combined agents compared to the predicted additive values, (see Figure 7.10 C).

For fibroblasts (see Figure 7.10 D), 75uM HA14-1 and 200puM capsaicin

individually had no effect on cell viability, neither did a combination of the two.
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Figure 7.10. Effects of combined HA14-1 and Capsaicin on (A) HBL, (B) A375SM, (O
C8161 melanoma cells and (D) fibroblasts. [] = Nuclear debris, l = Late apoptotic, & =
Live viable, Bl = Early apoptotic. Values are expressed as Mean+SD. N=2 in duplicates.

For fibroblasts N=1. * = p<0.05; ** = p<0.01; *** = p<0.001, relative to control media.
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Table 7.4 summarises the effects of capsaicin and HA14-1 on melanoma cells,

melanocytes and fibroblasts in reducing cell viability and inducing apoptosis comparing

the three different methods used. The main findings of this study were that:

1.

2.

10 uM ibuprofen induced apoptosis in HBL cells but had no effect on C8161 cells,
Capsaicin at around 150uM reduces the total metabolic activity of the three
melanoma cell lines and melanocytes by around 50% (HBL cells are slightly more
scnsitive than A375SM and C8161) while fibroblasts are able to tolerate
approximately twice as much capsaicin before any significant loss of viability.
Capsaicin induces apoptosis (assessed by the Annexin-V assay) with an IC50 range
from 220uM to 320uM for the melanoma cells but greater than 500uM for
fibroblasts.

Higher concentrations were required to induce DNA damage: 440uM to 500uM for
the melanoma cells but greater than 500uM for the fibroblasts.

HA14-1 induced a 50% loss of viability at concentrations ranging from 60uM to
greater than 100uM for melanoma cells and melanocytes. For fihroblasts the 1C50
was 175uM. Similar concentrations of HA14-1 induced apoptosis in these cells.
Capsaicin and HA14-1 in combination showed additive inhibitory effects on
melanoma and melanocyte viability. (Synergistic effects were observed on
fibroblasts but this was at much higher concentrations of both drugs than were
tested on melanoma cells or melanocytes).

Capsaicin and HA14-1 in combination also showed additive effects in inducing
HBL and A375SM apoptosis and, surprisingly, a synergistic effect on C8161 cells.

These combined agents (at similar concentrations) showed no cffect in inducing

fibroblast apoptosis.



Table 7.4 also shows that fibroblasts were sensitive to the combined effects of
capsaicin and HAI4-1 when used at concentrations that were sufficient to reduce
viability by 50% (350uM) and induce 50% apoptosis (100uM), at which point a

synergistic effect was seen.

Table 7.4. Summary of the effects of capsaicin and HA14-1 viability and apoptosis
in melanoma cells and normal skin cells. (IC50 values).

Capsaicin (uM) HA14-1 (uM) Combined
MTT  Annexin DNA MTT  Annexin MTT Annexin V
\4 Damage V
100uM Capsaicin 200puM Capsaicin
HBL 100 220
480 60 48 30uM HA14-1 30uM HA14-1]
ADDITIVE ADDITIVE
150puM Capsaicin 300uM Capsaicin
3 1
A375SM 50 350 440 70 85 50uM HA14-1 75uM HA14-1
ADDITIVE ADDITIVE
150uM Capsaicin 300uM Capsaicin
C8161 150 320 500 >100 85 SOuM HA14-1 75uM HA14-1
ADDITIVE SYNERGISTIC
150uM Capsaicin
Melanocytes 150 Not done Not done 100 Not done 50uM HA 14-1 Not donc
ADDITIVE
: 350uM Capsaicin 250uM Capsaicin
N
Fibroblasts 350 >500 >500 175 112 100uM HA 14-1 75uM HA 14-1
SYNERGISTIC NO EFFECT
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7.5. DISCUSSION

The aim of this study was to examine 1) the mechanisms of ibuprofen in
reducing melanoma cell migration by inducing apoptosis and, 2) whether a combination
of capsaicin and HA14-1 would have a useful pro-apoptotic effect on melanoma cells.
To do this, the effects of both drugs were examined on melanoma cells, melanocytes
and fibroblasts looking at their effect on cell viability and apoptosis. Viability was
assessed using a simple metabolic assay (MTT test) and two methods for examining
apoptosis were used, Annexin V binding to PS on the cell membrane and DNA damage.

Initial experiments with ibuprofen showed that C8161 were not affected by
TNF-a and ibuprofen at any concentration used. However 10°M ibuprofen had a
marked effect in inducing apoptosis in HBL cells. The anti-inflammatory effects of
ibuprofen on melanoma cells are linked to the inhibition of cyclooxygenase synthesis
and the inhibition of prostaglandin production and hence an anti-inflammatory effect.
However, ibuprofen has been reported only once as an apoptotic inducer in murine
melanoma and in a human cell line of colon carcinoma (Lonnroth et al., 2001). How
ibuprofen induces apoptosis in the less aggressive melanoma cells remains to be
clarified.

The main findings of this study were that capsaicin at around 150uM reduces the
total metabolic activity of the three melanoma cell lines and melanocytes by around
50% (HBL cells are slightly more sensitive than A375SM and C8161) while fibroblasts
are able to tolerate approximately twice as much capsaicin before any significant loss of
viability. Capsaicin induces apoptosis (assessed by the Annexin-V assay) with an IC50
range from 220uM to 320uM for the melanoma cells but greater than 500uM for
fibroblasts. Higher concentrations were required to induce DNA damage: 440uM to

500uM for the melanoma cells but greater than 500uM for the fibroblasts.
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HA14-1 induced a 50% loss of viability at concentrations ranging from 60uM to
greater than 100uM for melanoma cells and melanocytes. For fibroblasts the IC50 was
175uM. Similar concentrations of HA14-1 induced apoptosis in these cells.

Capsaicin and HA14-1 in combination showed additive inhibitory effects on
melanoma and melanocyte viability. (Synergistic effects were observed on fibroblasts
but this was at much higher concentrations of both drugs than were tested on melanoma
cells or melanocytes).

Capsaicin and HA14-1 in combination also showed additive effects in inducing
HBL and A375SM apoptosis and, surprisingly, a synergistic effect on C8161 cells.
These combined agents (at similar concentrations) showed no effect in inducing
fibroblast apoptosis. Fibroblasts were also sensitive to the combined effects of capsaicin
and HA14-1 when used at concentrations that were sufficient to reduce viability by 50%
(350uM) and induce 50% apoptosis (100uM), at which point a synergistic effect was
seen.

Capsaicin is a well known inducer of apoptosis in cancer cells (Dasgupta et al.,
1998: Morré et al.. 1997; Mori et al., 1996) and in melanoma cells (Patel et al., 2002a
Patel et al., 2002b; Gong et al., 2005). In this study, experiments using a DNA damage
profile demonstrated that capsaicin induced apoptosis in HBL and A375SM cells at
300uM. C8161 cells were affected only at a higher capsaicin concentration of 500uM.
At 500uM capsaicin all three melanoma cells had more than a 50% reduction in cell
viability. Fibroblasts were not affected by capsaicin at up to 500uM. These results
suggest that capsaicin may cause DNA breakage more readily in melanoma cells than 1n
normal skin cells such as fibroblasts. The selective apoptosis inducing cffect of
capsaicin has been previously reported (Macho ez al.. 1999; Kang et al., 2003).

There are many reports suggesting mechanisms of action of capsaicin inducing

apoptosis. For example. extra production of ROS by mitochondrial NADH oxidase
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(Morré€ et al., 1997, Surh, 2002), ras activation inducing apoptosis in transformed cells
(Gong et al., 2005). Bel-2 down-regulation and caspase 3 activation (Jun et al., 2007;
Jung er al., 2001) and inhibition of 1L-6-induced STAT3 activation (Bhutani et al.,
2007). In this study, the effects of capsaicin on inducing DNA damage are very clear
suggesting that this is one mechanism for explaining apoptosis.

What are the molecular mechanisms by which capsaicin selectively induces
apoptosis in transformed cells without affecting normal skin cells? One report from
Bodo er al. (2004) demonstrated that functional VR1 (Vanilloid Receptor -1) which
capsaicin interacts with, was present on human epidermal cclls, specifically
keratinocytes and Langerhans cells, but not on melanocytes; it was also present in
dermal cells, mast cells, sweat gland epithelium, sebocytes, endothelial cells and smooth
muscle cells but not, interestingly, in fibroblasts. The lack of response of fibroblasts to
capsaicin may be based on their lack of receptors but on the other hand, Kim et al.
(2004) reported the existence of VRI receptors on fibroblasts. Clearly this 1s an area
that requires further investigation.

As summarised in Table 7.4 capsaicin and HA14-1 each reduced cell viability
and induced apoptosis in the melanoma cells, melanocytes and fibroblasts but at
different concentrations. With respect to metabolic activity of the cells (which is what
the MTT assay measures) this was reduced by capsaicin with the melanoma cells and
melanocytes showing a similar sensitivity. Fibroblast viability was also reduced by
capsaicin (arguing for the presence of VRI receptors on these cells) but it required
approximately twice the concentration of capsaicin compared to that which reduced
viability in melanocytes and melanoma cells. For all cells higher concentrations of
capsaicin (approximately twice as high) were required to show induction of apoptosis as
evidenced by using the Annexin-V assay and still higher concentrations as measured by

the assay for DNA damage.
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The differences found using these different assays are much as expected. The
MTT assay detects a reduction in cell viability and as such is quite sensitive. Not all
cells with a reduced viability will necessarily go on to become apoptotic or die. Many
cells may recover.

For the apoptotic assessment (Annexin-V and DNA damage assays), higher
capsaicin concentrations were needed to demonstrate a similar result, showing the same
sensitivity pattern as HBL were more sensitive followed by A375SM and C8161 cells
and fibroblasts.

Annexin-V binds specifically to phospholipids at early stage of the apoptotic
process (a disruption of membrane phospholipids asymmetry exposes PS on the outer
cytoplasmatic membrane). In contrast the DNA damage assay is based on breaks in
doubled-stranded DNA resulting in the phosphorylation of the histone variant H2AX at
serine 139. This measures late apoptosis (by whjch time physical breaks in the DNA
have occurred) so it is entirely as expected that the IC50 values for capsaicin assessed
using this assay were higher than when using Annexin-V.

With respect to HA14-1, its mechanism of action was identified by Wang et al.,
(2000). These authors verified that HA14-1 interacts with Bcl-2 in vitro. This protein
induces apoptosis in a variety of tumour cell lines and cooperates with other drugs
(Campas et al., 2006, Mena et al., 2007).

Melanoma cells and melanocytes had a roughly similar sensitivity to HA14-1 as
assessed by a loss of cell viability with IC50 values ranging from 60uM to over 100uM.
For fibroblasts the IC50 was 175uM, again suggesting that these cells are more resistant
than melanocytes and melanoma cells.

With respect to induction of apoptosis slightly lower concentrations of HA14-1
were required to produce apoptosis (compared to reducing cell viability) as assessed by

Annexin-V (DNA damage was not undertaken in these experiments). The 1C50 values
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were 48-85uM for the three melanoma cells and 112uM for fibroblasts. This again is
much as expected as this drug is known to interact directly with Bcl-2 to induce
apoptosis directly.

The two agents were then tested together to see if agents thought to act by
different mechanisms would show any useful additivity or synergy in their actions on
melanoma cells. Combination therapies have been reported by others (Namkoong et al.,
2006; Mena et al., 2007; Dal Lago et al., 2008).

For both HBL and A375SM cells the effects of combining both were additive
rather than synergistic, but interestingly for C8161 cells there was evidence of some
synergy when Annexin-V was measured as an early indicator of apoptosis. This was
encouraging as C8161 melanoma cells are particularly aggressive with respect to
metastases. Concerning loss of viability the effects of combining the two were additive
rather than synergistic.

For melanocytes combining the two gave a loss of viability that was additive
(effects on apoptosis were not studied in these cells). For fibroblasts the results appear
contradictory at first glance (Table 7.4) in that there is apparent synergy with respect to
loss of viability but no effect when these two agents were combined on apoptosis.
However this is explained by the concentrations used.

The concentrations of capsaicin and HA14-1 that were used in measuring early
stage apoptosis in fibroblasts were similar to those used for the melanoma cells.
However, in studying viability, as the fibroblasts had proven relatively resistant to
capsaicin and HA14-1, higher concentrations of both were studied and then a
combination of the two was found to be synergistic. This argues strongly for fibroblasts
having a lower expression of the VR1 receptor rather than being entirely lacking in it.

Capsaicin and HA14-1 showed a synergistic effect on C8161 cells. This study

suggests that these agents may have different mechanisms of action in inducing
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apoptosis in melanoma cells. As previously reported capsaicin induces oxidative stress
(Morré€ et al., 1996; Brar et al., 2001), regulates activation of NF-kB and IL-8 (Patel et
al., 2002a) and hypoxia inducing factor-1-alpha in human melanoma (Patel er al.
2002b), but also inhibits Bcl-2 anti-apoptotic activity (Jung er al., 2001; Jun et al.,
2007), whilst HA14-1 blocks the anti-apoptotic Bcl-2 protein (Tian et al., 2007: Wang
et al., 2000) inducing melanoma cell apoptosis. Thus there is some overlap in their
activity in that both are reported to inhibit Bcl-2 anti-apoptotic protein.

In conclusion this comparative study has shown that melanoma cells and
melanocytes have a similar sensitivity to capsaicin while fibroblasts are more resistant
to this agent. HA14-1 induces apoptosis at relatively low concentrations and a
combination of the two agents produces a useful additive affect for 2 out of 3 of the
melanoma cancer lines studied and encouragingly for the most metastatically aggressive
cancer cell line (C8161), a combination of the two showed some evidence of synergy.

The results suggest that a natural agent (which is perhaps common in one’s diet)
such as capsaicin can be used in combination with another organic compound, HAT4-1,
as a pro-apoptotic agent. The advantages of a combined therapy include using the two
drugs at lower concentrations which reduces toxicity and side effects for the patient
while promoting improved cell apoptosis. This may be a promising alternative therapy
for those patients with malignant melanoma for whom at present there are few

chemotherapy approaches.
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CHAPTER 8

GENERAL DISCUSSION
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8.1. GENERAL DISCUSSION

Melanoma 1s the most dangerous type of skin cancer and affects millions of
people worldwide. Its incidence is increasing every year and therefore prevention and
treatment of melanoma has become a major health issue. Treatment of melanoma is
difficult as it spreads quickly in the body if no treatment is undertaken or if treatment of
a primary melanoma is not successful.

Treatments for malignant melanoma do exist and are successful in thin and
superficial melanoma which can be surgically removed. However, melanoma thicker
than Imm indicates a poor prognosis as melanoma cells invade and spread quickly in
the body. As these cells travel in the body, the next stage for melanoma is their
installation in the lymph nodes. At this stage, the treatments available are the surgical
removal of melanoma from the lymph nodes followed by chemotherapy. Unfortunately
the drugs available so far are not as effective for melanoma as for other types of cancer,
making it difficult to maintain a good quality of life and improved survival for patients.

This study was based on the growing realisation of the role played by
inflammation in cancer and on the phenomenon of local recurrence after surgical
excision of primary melanoma. In the latter there is always a wound environment and
inflammation associated with wound healing.

Accordingly this study investigated how inflammation accelerates melanoma
cell migration and invasion and to what extent anti-inflammatories may be useful in
blocking migration and invasion and inducing apoptosis. More specifically, it
investigated whether anti-inflammatories can block or reduce 1) melanoma cell
migration, 2) melanoma cell invasion in a wounded and inflamed tissue engineered
human skin model and 3) melanoma cell survival.

Initially in this study the role of the NSAIDs (ibuprofen and capsaicin) in

opposing the effect of the pro-inflammatory cytokine TNF-a on human melanoma ccll
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migration were examined. Either ibuprofen or capsaicin reduced melanoma cell
migration in unstimulated and TNF-a-stimulated cells at concentrations which were not
toxic to the cells. The melanoma cell lines were previously described to have different
levels of migration. Although this was a simple model of cell migration, the effects of
ibuprofen and capsaicin were seen to be more effective in the 2 least aggressive
melanoma cell lines. This study supports the hypothesis that a pro-inflammatory
cytokine TNF-a stimulates melanoma cell migration as demonstrated by (Katerinaki ez
al., 2003; Katerinaki et al., 2006 Lejeune et al., 2007, Bachmann et al., 2008) and many
type of tumour development (Lin ef al., 2010) and that NSAIDs such as ibuprofen and
aspirin is effective for cancer prevention and thergpy (Harris, 2007).

Following the studies on migration the work next progressed to studying
invasion of melanoma cells in 3D models. Two models were studied - a simple model of
cell migration through fibrin and a more complex physiologically relevant model of cell
invasion through 3D tissue engineered skin.

In the 3D model of melanoma cell invasion in a fibrin scaffold some of the cell
lines (HBL and A375SM cells) destroyed the scaffold after being incubated with it for
24 hours. Therefore it was not possible to study melanoma cell invasion in this model.

Observations by eye were that the melanoma cells showed different patterns of
interaction with the fibrin clot. For this reason, it was decided to investigate the
degradative capability of melanoma cells cultures in a fibrin scaffold using a protein
assay.

Surprisingly, the two least aggressive melanoma cells were the ones which most
degraded the fibrin scaffold. On the other hand, C8161, the most aggressive cell line did

not. This suggests that these more aggressive cells quickly invaded the fibrin without

degrading the fibrin scaffold.
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Degradation of fibrin clot scaffold, probably occurred by the action of MMPs
produced by melanoma cells. Accordingly, Hofmann er al, (2000) reported that
members of the MMP family with their natural tissue inhibitor (TIMP) are not only
over-expressed in tumours cells but also by strdmal fibroblasts. However, in this 3D
fibrin model, only melanoma cells were present suggesting that MMPs were active in
the least aggressive melanoma cell lines.

One possible way to reduce melanoma cell invasion and degradation of a fibrin
clot scaffold is NSAIDs treatment, as reported by Tsai er al. (2009). An interesting
finding was that capsaicin reduced the degradative capability of the two (the least
aggressive) melanoma cell lines which most degraded the fibrin scaffold. The reasons
for this may be an anti-inflammatory effect of capsaicin (Zegarska et al., 2006; Southall
et al., 2003) in reducing integrin-binding to fibrin or down-regulating the membrane-
bound enzymes (MMP-2 and MMP-9), attenuating the degradative capability of these
cells. Another explanation for this is the apoptotic effects of capsaicin in reducing
melanoma cell survival (Patel et al., 2002a; Patel et al., 2002b; Mori et al., 1996; Morre
et al., 2003; Gong et al., 2005; Jun et al., 2007). However, the exact mechanisms by
which the melanoma cells degraded the 3D fibrin scaffold remains to be clarified.

Degradation and remodelling of extracellular matrix by proteolytic enzymes are
indispensable for melanoma cell invasion. This is well described by Hofmann er al.
(2000) and Hoffmann et al. (2005). Other studies showed that NSAIDs suppressed the
expression of MMP-2 (Pan et al., 2001) and MMP-9 (Murono ef al., 2000) reducing
cancer cell invasion.

In conclusion, the 3 melanoma cell lines studied were found to degrade the fibrin

scaffold differently. The least aggressive ones (HBL and A375SM cells) were capable

of degrading the fibrin scaffold whilst the most aggressive C8161 cells were not.
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Capsaicin reduced the degradative capability of HBL and A375SM cells and had no
effect on C8161 cells.

These results were very interesting, however, it was decided to develop a more
challenging model of tissue engineered skin in which a wound was made and an
inflammatory microenvironment was created to investigate melanoma cell invasion.

There are many types of scaffolds used in tissue engineered skin models (Price
et al., 2008). Tissue engineered skin models showed more consistent outcomes and
imitate more closely the structural and physiological conditions of skin (Chakrabarty et
al., 1999; Eves et al., 2000; Eves, 2001). Accordingly. this model proved to be a good
model of tissue engineered human skin for studies of inflammation and melanoma cell
invasion.

Following the experiments in tissue engineered skin with addition of melanoma
cells, confirm that melanoma cell interact with keratinocytes and fibroblasts in the
extent to which they invade into the skin composite but this relationship appears to be
dictated by the melanoma cells. Different patterns of cell invasion were confirmed in
which HBL and A375SM cells were less invasive and C8161 cells were the most
invasive cells. This has been previously reported by Eves et al. (2000). Initial attempts
to add ibuprofen or capsaicin to tissue engineered skin showed poor skin composites
because the melanoma cells did not survive in higher concentrations of ibuprofen or
capsaicin. Lower concentrations were used in future experiments.

Cutaneous melanoma cells are well known for their invasiveness and rapid
metastatic capacity and this is regulated by adhesion molccules, matrix
metalloproteinases, chemokines and growth factors (Zbytek et al., 2008). The

expression of adhesion molecules and proteases can be associated with inflammation

(Eves et al., 2003; Zhu et al., 2002).

244



In terms of melanoma cell invasion in tissue engineered skin, one important
result was that when fibroblasts were added with melanoma cells, cell invasion stopped
(no keratinocytes were present in these tissue engineered skin). This is clearly seen
when one compares melanoma cell invasion on their own and when melanoma cells are
added together with the other skin cells (fibroblasts and keratinocytes). It may be that
fibroblasts maintain a stronger dermis by producing more or better organised collagen
making it difficult for the two least aggressive melanoma cells to invade, as reported by
Quintanilla-Dieck et al. (2009) who suggested that a possible upregulation of skin
conditions (such as scarring and inflammation) in which the prominent matrix
degrading properties of cathepsin K in fibroblasts are thought to require tight regulation
to maintain the homeostasis of the extracellular matrix.

Melanoma cells and fibroblasts activate MMPs to facilitate melanoma cell
invasion as demonstrated by Hofmann et al. (2000). Conversely, in this study, a
different result was found as fibroblasts blocked melanoma cell invasion. Howcever, it
was suggested by (Ntayi et al., (2003) that fibroblasts may influence melanoma cell
invasion after the beginning of tumour progression through the dermis. Therefore, it
may be possible that fibroblasts did not facilitate melanoma cell invasion as there was
no previous invasion by melanoma cells in the reconstructed skin.

The presence of keratinocytes influenced melanoma cells to invade in the
dermis, as seen for A375SM cells. Therefore equilibrium between the beneficial work
of fibroblasts in blocking or stopping melanoma cell invasion and the encouragement of
cell invasion by keratinocytes should be investigated further.

Once the pattern of melanoma cell invasion in tissue engineered skin was
cstablished, studies progressed on to the development of wounded tissue enginecred

skin with the aim of using these to carry out studies of the impact of wounding and of

inflammation on melanoma invasion.
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Initial attempts of mechanical wounding with a syringe needle were
unsuccessful as the wounds were not visible. However a single cut with a scalpel blade
showed a clear visible full thickness wound and this was used for experiments.

For a better understanding of wound. healing, simple experiments were
conducted in which there was a gradual addition of fibrin clots and cells to the tissue
engineered skin. The addition of fibrin clots and fibroblasts in acellular DED
demonstrated that fibroblasts are essential for healing and keeping the dermis in good
condition. This is explained by the synthesis of extracellular matrix by dermal
fibroblasts.

Mechanical wounding increased invasion of the two least aggressive melanoma
cell lines in tissue engineered skin.

Wounded tissue engineered human skin was found to “heal” after mechanical
wounding, even without any innate immune cells or vasculature. One process that may
have helped healing in this skin model was contraction, a common process in skin
wound healing. During tissue repair, fibroblasts ¢an be transformed into a proliferative
and contractile type of cells called myofibroblasts. These cells show the same
characteristic of smooth muscle cells and take part in skin wound contraction (Nedelec
et al., 2000; Darby and Hewitson, 2007). Basically, by contraction, myofibroblasts pull
in the edges of the wound resulting in a scar.

Addition of fibrin clots and TNF-a helped to heal the wounds and reduced
melanoma cell invasion in 2 out of 3 cell lines. This paradox may be explained by the
quick healing helped by the fibrin clots plus TNF-a which arc both normally present in
a wounded and inflamed healing bed.

Evidence from previous studies suggests that TNF-a may be acting via up-
regulation of NF-kB and integrin expression. Both normal and tumour cells express

integrins, which are cell surface molecules that are involved in attachment to the
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extracellular matrix, motility and degradative enzyme production in malignant cells.
Malignancy of melanoma cells has been shown to be related to integrin expression, and
therefore TNF-a stimulation of these molecules may play a pivotal role in malignant
cell migration and invasion (Zhu et al., 2002). MMPs are described as being crucial in
the invasion of malignant cells, in many cancer cells types including melanoma
(Katerinaki et al., 2003). However, there was little to suggest that melanoma cells used
their own degradative enzymes for invasion, rather the results were consistent with the
melanoma cells invading through a dermal matrix in which keratinocytes and fibroblasts
were expressing activated levels of MMP2 and 9. This leads one to suggest that
melanoma cells in a wounded bed may easily invade in the dermis in which the matrix
is already being modelled as part of the wound healing programme.

Another important result in this work was that mechanical wounding increased
melanoma cell invasion and this was associated with significant breakage or damage in
the dermis in 2 out of 3 melanoma cell lines added to the tissue engineered skin. If this
is related to the phenomenon of local recurrence of a primary melanoma excision, this is
a demonstration that residual cells or “circulating™ cells would invade further into the
dermis and, facilitate further local or proximal melanoma recurrence.

In terms of melanoma cell invasion, wound healing and dermal integrity, the
results varied. HBL cells, the least aggressive melanoma cell lines did not facilitate
healing the wounds and damaged the dermis. A375SM cells had an intermediate level of
invasion and were demonstrated to heal the wounds, with less damage to the dermis.
C8161 cells, the most aggressive of the three cell lines, invaded the dermis
independently of the other cells added to the skin composites and treatment used.
Surprisingly C8161 cells promoted complete wound healing with a good dermal

integrity. The different patterns of melanoma cell invasion in this model may be

explained by the MMPs activation. Increased expression and activation of MMPs has
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been associated with melanoma progression (Hofmann et al., 2005). MMP-2 was only
observed in highly invasive cell lines and MMP-9 was expressed in cell lines derived
from advanced primary melanomas (MacDougall et al., 1995: Hoffmann e al. 2000)
whereas TIMP-1 and TIMP-2 reduced murine melanoma cell metastatic potential
(Khokha, 1994). There are some studies suggesting that a proteolyitc balance between
MMPs and TIMPs (Tissue Inhibitor of Metalloproteinases) determines melanoma
progression (Henriet er al., 1999, MacDougall et al., 1999, Cruz-Munoz and Khokha,
2008). However, there is still some evidence that tumour growth and metastasis may be
also directed by surrounding fibroblasts (Kurihara et a/., 2009). Another possible
contributor for tumour cell invasion and growth is EMMPRIN (Extracellular Membrane
Metalloproteinase Inducer) which is highly expressed in tumour cells (Nabeshima et al.,
2005) and stimulates MMPs production in surrounding fibroblasts (Gabiscon et al,,
2005) and may contribute for melanoma cell invasion.

The tissue engineered skin model which was mechanically wounded to study
inflammation and melanoma cell invasion prove to be very complex. Therefore it was
decided to choose one melanoma cell type for a complete study of the effects of
inflammation and melanoma invasion in this model. For this, A375SM cells were
chosen as they were known to have intermediate levels of invasion, wound healing and
dermal integrity in tissue engineered skin models.

In tissue engineered skin, A375SM melanoma cells were showed to invade and
damage the dermis. Wound healing in these composites occurred at an intermediate
level. Wounds were healed with the addition of a hydrogel carrier but there was still
considerable damage to the dermis. Ibuprofen however reduced these deleterious effects
of melanoma cell invasion when delivered as a topical treatment from a hydrogel.

One explanation for this is the anti-inflammatory effects of ibuprofen being

released at a slow rate on the inflamed and wounded site of a tissue engineered skin.
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The exact mechanism of ibuprofen which caused this effect remains to be clarified.
However, the rationale behind this is that ibuprofen blocks COX activation in the cells
which inhibits the production of prostaglandins and therefore inflammation is stopped
or reduced.

In tissue engineered skin, the addition of ibuprofen may also inhibit the
inflammatory condition stimulated by the addition of TNF-a to the cells. Hence, it may
down-regulate integrins and metalloproteinase enzyme activation which are responsible
for melanoma cell attachment and degradation, facilitating melanoma cell invasion. This
is in fair agreement with MacDougall et al. (1995) who reported that MMP-9
production in melanoma cells was induced by either IL-18 or TNF-a. Therefore
NSAIDs could reduce melanoma cell invasion by suppressing the effects of
inflammatory cytokines.

This wounded and inflamed tissue engineered skin model for melanoma cell
invasion was found to be a useful model which supports the hypothesis of the link
between inflammation and melanoma invasion.

Macroscopic observations of inflammation around solid tumours have been
reported for a long time ago (Balkwill and Mantovani, 2001; Thompson et al., 2004).
However nowadays, it is possible to observe the micro-inflammatory condition in cells
and tissues which is made possible by advances in molecular biology. The
microenvironment around the tumours contains proinflammatory cytokines such as
TNF-o which is known to be responsible for the activation of NF-kB transcription factor
(Zhu et al., 2002; Cantén et al., 2003: Katerinaki et al.. 2006; Banno ef al., 2004;
Pikarsky et al., 2004).

NF-kB activation induced by TNF-o is becoming another “hallmark™ of
inflammation and cancer development. It is known that the switch-off of NF-kB activity

prevents inhibition of apoptosis. Apoptosis is a “fail-safe” mechanism to keep tumor
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formation at its lowest by the natural process of self-destruction of transformed cells

avoiding their proliferation and metastasis.

Finally, the last part of the study examined apoptosis in these melanoma cells
and to what extent inflammation (induced by TNF-a) or the use of anti-inflammatorics
affected this.

Experiments conducted to observe the effects of ibuprofen on TNF-a stimulated
cells showed that HBL cells were very sensitive to TNF-o on its own and the maximum
concentration of 10°M ibuprofen induced significant apoptosis in these cells and
reduced HBL survival. On the other hand, C8161 cells did not respond to the effects of
TNF-a alone or TNF-a stimulated with ibuprofen. This was expected as C8161 are the
most aggressive cell line. These cells proved resistant to the induction of apoptosis by
pro or anti-inflammatory agents.

The different sensitiveness of melanoma cells to the same drug was
demonstrated in this study. One intriguing result is how TNF-a on its own induced HBL
cell apoptosis as TNF-a is known as a pro-inflammatory cytokine which promotes
melanoma cell survival. The important result in these experiments is that prior
stimulation with TNF-a and ibuprofen induced HBL cell apoptosis.

For the next set of experiments, capsaicin or HA14-1 were administered
individually or combined and cell viability assessed.

There are some suggestions that combined therapies are better approach for
melanoma treatment (Namkoong et al., 2006; Mena et al., 2007; Dal Lago et al., 2008;
Valero et al., 2009). A combined therapy containing capsaicin as a natural componcnt
and HA14-1 a small molecule organic compound showing pro-apoptotic properties was

used.
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These results showed that melanoma cells and melanocytes a had similar
sensitivity to capsaicin or HA14-1 (used individually or combined) and that fibroblasts
were shown resistant to these drugs.

For apoptosis, different methods were used to observe the effects of capsaicin
and HA14-1 on melanoma cells and fibroblasts. The first method was Annexin V which
showed early events of apoptosis and the second method was the DNA damage assay
which shows later events of apoptosis. Comparison of these two methods showed that
higher concentrations of capsaicin and HA14-1 were required to observe induced
apoptosis in these.

Combined administration of capsaicin and HA14-1 in inducing apoptosis in
melanoma cells showed an additive effect on the least aggressive melanoma cells and
fibroblasts at similar concentrations. Surprisingly and importantly, a synergistic effect
of combined capsaicin and HA14-1 in inducing apoptosis was shown in the most
aggressive cell line C8161 cells.

Similar results on the apoptotic effects of capsaicin (Morré et al., 1996; Gong et
al., 2005; Jun et al., 2007); and synergistic effect of HA14-1 and a epidermal growth
factor receptor ErbB tyrosine kinase inhibitor (lapatinib) in human breast cancer cells
(Witters et al., 2007) were previously reported. The synergistic effects of capsaicin and
HA14-1 on the most aggressively melanoma cell line may be due to the different
mechanisms of action of capsaicin and HA14-1 and the overlap effects of both drugs.
However, this needs further investigation.

Isolated or combined therapies of capséicin and HA14-1 demonstrated that
fibroblasts tolerated higher concentrations of these agents. This seems to be an

important result for melanoma target therapies, in which normal cells would remain less

affected.
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In conclusion, this comparative study of apoptosis showed 1) how melanoma
cells and melanocytes have a similar sensitivity to capsaicin while fibroblasts cope with
higher concentrations; 2) how HAI4-1 induces apoptosis at relatively low
concentrations; and 3) that a combination of the two in the main produces the expected
results of an additive affect for 2 of 3 melanoma cancers but encouragingly for one

particularly metastatic aggressive cancer, a combination of the two shows synergy.

8.2. FINAL CONCLUSIONS

In conclusion the NSAIDs ibuprofen reduced melanoma cell migration and
invasion, and accelerated repair to the dermis and wound healing in tissue engineered
human skin. This suggests that NSAIDs could be used as a topical treatment to reduce
melanoma metastatic spread following initial excision of primary melanoma.

Also combined therapy of a natural NSAID (capsaicin) and a pro-apoptotic agent
(HA14-1) reduced melanoma cell survival without extensive cytotoxicity suggesting a

promising alternative chemotherapy for advanced melanoma.

8.3. LIMITATIONS OF THIS STUDY

Clearly, the interpretation of these results must be with caution as in the 2D
model for melanoma cell migration there was no assessment of melanoma cell
proliferation or density. Cell proliferation is an important aspect in a migration model,
in particular, for melanoma cells, as they can proliferate faster than normal cells.

The 3D fibrin clot model proved impossible to observe melanoma cell invasion.
Therefore an investigation of melanoma cell degradative capability in a fibrin clot
scaffold was carried out. This was a simple 3D model of melanoma cell invasion and

there was no interaction between melanoma cells, fibroblasts, keratinocytes or a

complex extracellular matrix.
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The 3D tissue engineered human skin model for melanoma cell invasion result
must be also interpreted with caution. These models of tissue engineered human skin
did not have either innervation or vascularity. In addition to this, there were no innate
immune cells to interact and to result in a more complex immunological system of
melanoma cell invasion and wound healing. In addition to this, although the inflamed
and wound skin model “healed” in the presence of ibuprofen delivered from a hydrogel.
the extension and depth of the wound were not considered for a controlled wound
healing. However, the evidence presented from this 3D reconstructed skin suggests that
mechanical wounding is associated with increased invasion of melanoma cells but that
this can be attenuated by the addition of ibuprofen (either as free drug or released from a
hydrogel). If one relates these findings to the phenomenon of local recurrence of
melanoma then there is an argument to be made for reducing inflammation at the site of
melanoma excision following excision of a primary melanoma. This could be achieved
by the addition of ibuprofen either systemically or possibly, more effectively released
from a hydrogel preparation and placed on the wound bed post surgery. Interestingly the
results also indicated that there was less damage to the dermis following wounding
when ibuprofen was administered in this model.

There was a comparative study on the effects of a natural component (capsaicin)
or a pro-apoptotic agent (HA14-1) on melanoma cells, melanocytes and fibroblasts
viability and, the induction of apoptosis in melanoma cells and fibroblasts after
treatment with capsaicin or HA14-1 alone or the combination of these agents. Different
methods were used to evaluate viability and apoptosis in melanoma and control cells
(melanocytes and fibroblasts). However, it could be investigated the possible

mechanisms of action of capsaicin and HA14-1 in inducing apoptosis in melanoma

cells.
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The results suggest that the advantages of a combined therapy include using the

two drugs at lower concentrations which reduces toxicity and side effects for patients

with malignant melanoma as an alternative therapy.

8.4. FUTURE WORK

After this work, it would be worthwhile to continue the investigation of
melanoma cell invasion in an inflamed and wounded tissue engineered skin. Some of
these aspects that could be look at are:

1 To investigate the mechanisms of NSAIDs on melanoma cell migration, invasion and
survival, looking at MMPs expression/production and the role of EMMPRIN.

2. To carry out more work on the reconstructed skin model to carry out the effects of
ibuprofen released from a hydrogel and other NSAIDs on migration of other
melanoma cell lines in a wounded and inflamed bed.

3. To create a computational model of melanoma cell migration and invasion in 2D and
wounded 3D skin model respectively and, consequently, simulate the effects of

NSAIDs and pro-inflammatory cytokines in a wounded tissue engineered model.

It would also be very interesting:

I. To investigate closely the apoptotic mechanisms of capsaicin and HA14-1 looking at
Bcl-2 levels in melanoma cells. Also it would be interesting to look at the effect of
other natural agents with pro-apoptotic properties in melanoma cells.

2. To further investigate the effects of combined new drugs and identify targets for

metastatic melanoma looking at pro-apoptotic agents.
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You are about to undergo surgery (abdominal reduction, breast
reduction or body Iift) that involves the removal of excess skin from
your body. This skin would normally be discarded at the end of the
operation. However, I would like to ask you whether you would be
willing to donate this skin to our rescarch laboratories at the Kroto
Research Institute, Sheffield. You will not have to undergo any extra
tests or procedures as a result of donating your skin and no extra skin
will be removed as a result of your participation in this study.

Please take time to read the following information and discuss it with
others if you wish. Ask, if there is anything that is not clear, or if you
would like more information. Take time to decide whether or not you
wish to donate the skin that will be removed in your operation.

All patients undergoing breast, abdominal reduction surgery or body
lift will be approached regarding the donation of their skin to the
research laboratories. However, it is up to you to decide whether you
would like to donate your skin for this purpose. If you do decide to
donate your skin, you will be given this information sheet to keep and
will be asked to sign a consent form. If you decide not to donate your
skin. your treatment will notbe in any way affected by your decision.

Background Information

Over the last 15 years, my research group has been developing a skin-
substitute for patients with burns or chronic wounds. Eventually we
hope to be able to offer this skin substitute to patients with severe
bums who do not have enough of their own skin to use for skin grafts.
We also use this skin substitute to simulate the behaviour of normal
skin under laboratory conditions.

The laboratoryv-based component of this research involves obtaining
skin from patients such as yourself who are having skin removed, and
isolating and growing skin cells from these samples. We also sterilise
samples of skin to remove all the cells from them and use these
sterilised samples to make new skin. If you agree to donate your skin,
it will only be used in the laboratory to help us with our research. It
will not be used on any patients or animals.

Skin donation

If you donate your skin, it will be treated as a freely donated gift from
you to the Tissue Engineering Group. However, the knowledge gained
from the gifl of skin samples such as yours will hopefully be used to
benefitmany patients in the future.

Once you have donated your skin sample, it will be given an
anonymous reference number. The only records kept by the research
group are a record of your hospital number, the date of your operation
and the anonymous number of vour skin sample. No other personal
details are kept on record. The skin will be used for experiments within
the Tissue Engineering Group, University of Sheflield and will be
stored in the Kroto Research Institute Laboratories, Sheffield. Once
the experiments using your skin sample have been completed, it will
be disposed of properly.

My research group will only use your skin o 1solate cells and to make
new skin in the laboratory. We will not do any tests on the skin that
have any relevance to your current or future health,

My research group will aim to publish the results of our research in
medical journals and present the results at national and international
conferences related to plastic surgery and skin. If you would like to
receive details of the results of vur research, please write to me at the
address on the front of this information sheet.

Thank you for taking the time to read this information shect

Professor Shetla MacNetil



Sheffield Teaching Hospitals

Consent form for using samples of human skin for research

Thank you for reading the information about our research. S
if you would like to take part, pleaseread and sign this form,
a copy of which will be retained in your medical records.

Patient identfication sticker
Centre: ;
Department of Plastic Surgery, Northern General Hospital, Sheffield |
Title of project:
Development of tissue engineered wound models for wound healing research for patients with burns
and chronic wounds.

Name of researcher: Professor Sheila MacNeil
Contact details for research team: Professor Sheila MacNeil, Tissue Engineering Group. The Kroto
Research Institute. North Campus. University of Sheflield. Broad Lane. Sheffield. S3 7HQ. Te! {0114)
2225995

Please initial boxes
1. | have read the atached information sheet on this project, (Dated July 2008, version 3) and have been

given a copy tokeep. | have been able to ask questions about the project and | understand why the research is
being done and any risks involved.

2. | agree to give a sample of skin for research in this project. | understand how the sample will be collected,
that giving a sample for this research is voluntary and that | am free to withdraw my approval for the use of the
sample at any time without giving a reason and without my medical treatment or legal rights being affected.

3. | understand that | will not benefit financially, or otherwise, if this research leads to the development of a
new treatment or medical test.

4. 1 know how to contact the research team if | need to, and how to get information about the results of the
ressarch.
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Please initial boxes
5. Consent for storage and use in possible future research projects
| agree that the sample | have given can be stored at the University of Sheffieid for possible use in future
projects to tackle some of problems which occur following burns injuries as described in the attached
information sheet.

All donated skin samples will be stored anonymously and used only for laboratory research to benefit patients
supervised by Professor MacNeil. All skin samples will be destroyed atthe end ofthe experiments.

Name of patient Date Signature
(BLOCK CAPITALS) .
Name oi‘ person téking consent Daie VVVVVV Signatare

(if different from researcher)

Professor Sheila MacNeil
Name of researcher Date Signature

Would you like fo be sentinformation about the progress of this project? Please circle once.

YES / NO

Thank you for agreeing to participate in this research

Professor Sheila MacNeil
Professor of Cell and Tissue Engineering

Consentform version 3. June 16th, 2006
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