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Wound healing is a complex and dynamic process, that consists of three main 

stages: inflammation, proliferation and remodelling. They are one of the 

greatest healthcare challenges as associated risk factors include age, obesity, 

and diabetes. Poor healing leads to the development of chronic wounds that 

are extremely painful and frequently result in limb amputation. In the UK, 2.2 

million chronic wounds are managed over a year reaching cost in the NHS of 

£5.3 billion a year. 

Fibroblasts are one of the cell types in charge of the production of ECM, play-

ing an important role in wound healing, as the matrix is necessary for the re-

modelling and contraction of the wound. Cell surface receptors, such us syn-

decan 4, help to direct the migration of fibroblasts due to the activation of  

Rac1. It has been shown via previous experiments that it is possible to activ-

ate Rac1 signalling via a syndecan 4 independent mechanism thanks to the 

use of ultrasound, causing contraction of the wound.
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In this project, fibroblasts have been used to test whether ultrasound pro-

duces changes in the composition of the matrix, through an analysis of the 

matrix produced after a week of treatment. It also looks at the improve and 

increase in migration, via scratch and PAK phosphorylation assays. And fi-

nally, it looks at the distribution and shape of components of the matrix such 

as fibronectin. Thanks to these results obtained it was possible to observe an 

increase of fibronectin and collagen I and a decrease of collagen VI in the 

matrix after a week of treatment. It was also possible to see how the migration 

and organisation did improve by using 1.5 MHz pulsed ultrasound for a week. 

This results could help in further investigation to optimise the process for the 

obtention of results.

Introduction:

Wound healing is a complex and dynamic process through which tissue regenerates 

and repairs. It consists of three main stages: inflammation, proliferation and remodelling 

that occur linearly through time. For this succession of events to happen is necessary  a 

collaboration between different types of cells, the production of extracellular matrix and 

the proliferation and differentiation of pre-existing cells (Oliveira Gonzalez et al,. 2016).  

Due to the complexity, it can result in poor wound healing that with underlining diseases 

such as diabetes or obesity will lead to the development of chronic wounds. These are 

extremely painful and frequently result in limb amputation.

In the UK, 2.2 million chronic wounds are managed over a year, out of these 278,000 

were venous leg ulcers. The annual cost of chronic wounds and associated comorbidit-

ies in the NHS is £5.3 billion a year (Guest et al., 2015; JCN, 2018). The immediate 
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treatment of the wound is not the only cost the NHS has to overcome as prescriptions 

costs of wound dressings and antimicrobial dressings for wound managing cost £110 

million each year. Chronic wounds are expected to rise by 2% annually over the next 

decade being one of the most significant healthcare challenges (Healogics, Inc., 2016).

Fibroblasts are one of the cell types in charge of the production of ECM, playing an 

important role in wound healing. In the proliferative phase of wound healing fibroblasts 

starts the deposition of the ECM in the wound area. At the beginning, there is a high 

content of fibronectin, as allows migration of cells, and during the remodelling face, col-

lagenous matrix is formed (Kular et al., 2014). The extracellular matrix is mainly com-

posed of proteoglycans and fibrous proteins, such as collagen and fibronectin. Collagen 

provides the tensile strength, regulates cell adhesion and directs tissue migration (Frantz 

et al., 2010). It associates with elastin via their lysine residues and become highly cross-

linked by members of the lysyl oxidase (LOX) enzyme family, essential to maintain the 

integrity. On the other hand, fibronectin is in charge of the organisation of the ECM, 

found to be implicated in the development of a tumour and the promotion of fibroblasts 

migration during wound healing (Frantz et al., 2010). It exists in two different forms, 

either as plasma circulating in the blood or as a cellular protein created by fibroblasts. 

Fibronectin is linked to cell surface receptors, α5β1-integrin and syndecan 4 independ-

ently, this dual binding will help to direct the migration of fibroblasts to the wound bed 

(Bass et al., 2007). The interaction with syndecan 4 will activate Rac1 that drives the mi-

gration. Knockout mice for syndecan 4 don't exhibit this migration, proving that is neces-

sary for the normal fibroblast migration to the wound bed. 
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Ultrasound can activate Rac1 signalling in fibroblast via a syndecan 4 independent 

mechanism, that has been proved in a syndecan 4 knockout model (Roper et al., 2015). 

Ultrasound is currently used in the clinics to accelerate the repair of bone fractures, re-

ducing healing time a 40%. Low-intensity pulsed ultrasound has been proved to accel-

erate all stages of the fracture repair process (Pounder & Harrison, 2008). Being a prom-

ising and less expensive therapy for soft tissue repair.

Aim and hypotesis: 

The project aim is to determine how ultrasound affects the synthesis of extracellular 

matrix by skin fibroblasts, using an existing system for the generation of a 3D matrix that 

structurally resembles the dermis. The objective is to advance our understanding of how 

ultrasound stimulates wound healing and develop a functionally relevant readout for ul-

trasound efficacy that could then be used to test alternative ultrasound parameters and 

find an optimal treatment regime.

I hypothesise that the use of ultrasound will stimulate the production of matrix com-

ponents and the crosslinking via LOX helping to reduce the wound bed. 

Methods and Materials: 

- Cell culture:

Telomerase Immortalised Fibroblasts (TFIs) and Human Foreskin Fibroblast (HFFs) 

were cultured in Dulbecco’s Modified Eagle Medium supplemented with 10%FBS and 

2% L-Glutamine.

- Western blot:
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NuPAGE gels (Invitrogen) and Bolt Buffer were used. Gels were run for 20 minutes at 

200V and transfer into 0.2um nitrocellulose membrane for 90 minutes at 30V. For the 

visualisation membranes were blocked in Casein for one hour. Primaries antibodies for 

the sample were added to Casein and incubated at 4ºC overnight with rocking. Second-

aries antibodies were prepared as primaries and incubated for 30 minutes in dark at 

room temperature with rocking, see table 1. After scanning, GAP DH primaries and sec-

ondaries, used as protein loading standard, were applied as described before.

For the western blots used to study collagen composition NuPAGE 7% tris-acetate 

gels (Invitrogen) and TAE Buffer were used. Gels were run for approximately 35 minutes 

at 200V and transfer into 0.2um nitrocellulose membrane for 120 minutes at 30V. For 

the visualisation, membranes were blocked in Casein for one hour. Primaries antibodies 

were added and incubated at 4ºC overnight with rocking. Secondaries antibodies were 

added and incubated for 30 minutes in dark at room temperature with rocking.

Primary antibodies:

Antibody type: Species: Dilution:

Collagen I Rabbit 1:1000

Collagen III Rabbit 1:1000

Collagen VI Mouse 1:1000

Fibronectin Rabbit 1:1000

Lysyl Oxidase Rabbit 1:1000

GAP DH Mouse 1:5000

pPAK Rabbit 1:1000

Secondary antibodies:

Antibody type: Species: Dilution:

680 Anti-Mouse Goat 1:1000

800 Anti-Mouse Donkey 1:1000

800 Anti-Rabbit Goat 1:1000

Figure 1. In the table is possible to see the type of antibodies used, to which species it be-
long and the concentration used for the imagining of the western blots. 
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- Ultrasound:

Pulsed ultrasound was delivered at a frequency of 1.5 MHz and 150mVpp amplitude 

at a 20% duty cycle at 1 kHz (on for 0.2 ms and off for 0.8 ms) for 20 minutes with an 

overall output of 30mWcm-2. A six-well plate was anchor, with ultrasound gel, to a modi-

fied six-well plate ultrasound rig. The timing for the application of the ultrasound de-

pended on the experiment carried out, trying for it to be at the same time every day. All 

control groups were exposed to the same conditions without delivering ultrasound. 

- Cell lysis:

Cells were denuded form the matrix using extraction buffer (see figure 2 for composi-

tion) supplemented with 10μl/ml Complete and 100 μl/ml PhosStop phosphatase inhibit-

or  applied for 2 minutes. Plates were washed with PBS+ twice and then treated with 

DNase I for 30 minutes at 37ºC. Plates were washed twice with PBS+. Afterwards, they 

were  stored or immediately used. 

Lysis Buffer 

Component Amount 

10% Glycerol 10ml

20mM HEPES 2ml of 1M

140mM MaCl 2.8 of 5M

1% NP4O 1ml 

0.5% NaDeoxycholate 0.5 g

4mM EGTA 8ml of 50 mM

4mM EDTA 8ml of 50 mM

Figure 2. In this table is possible to see the components of the extraction buffer stock, used 
to lyse the cells located in the matrix allowing us to obtain just the matrix that will them be 
used to produce samples for western blots. 
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Matrix Solubilisation:

TIFs were seeded with a density of 4x105 cells per ml on coated six-well plates with 

0.2% sterile gelatine. They were cultured for one week. Media was changed every morn-

ing supplemented with 50ug/ml Ascorbic acid, to increase collagen production and sta-

bilise the matrix. All the wells were pulled out at the same time at the end of the week. 

Cells were denuded from the matrix. As the aim was to obtain the best way to solubilise 

the matrix seven different techniques were used to obtain the western blot samples, see 

figure 3. Western blot was then analysed. 

N.B: Due to infections Fungizone and Gentamicin were added to the media to try to 

prolong the cells life on the third day for the rest of the week.

MATRIX SOLUBILIZATION TECHNIQUES 

1 Scrape from plate in 100ul sample buffer in an eppendorf. Then heat at 85ºC 
for 2 hours while shaking. 

2 Scrape from plate in 100ul sample buffer in an eppendorf. Then heat at 70ºC 
overnight while shaking. 

3 Add 100ul sample buffer into plate. Then heat at 85ºC for 15 min. Then 
scrape into eppendorf. 

4 Add 100ul sample buffer into plate. Then heat at 85ºC for 30 min. Then 
scrape into eppendorf. 

5 Scrape from plate in 100ul PBS+ in an eppendorf. Add 40ul of dispase II 
stock. Digest for 15min at room temperature. Add 160ul of sample buffer and 
boil at 85ºC for 15min.

6 Scrape from plate in 100ul PBS+ in an eppendorf. Add 40ul of cold dispase II 
stock. Digest overnight at 4ºC. Add 160ul of sample buffer and boil at 85ºC 
for 15min.

7 Add 100ul PBS+ into plate. Add 40ul of dispase II stock. Digest 15min at 
room temperature. Add 160ul of sample buffer, scrape into eppendorf and 
boil at 85ºC for 15min.

Figure 3. In this table is possible to observe the different techniques used to try an solubilise 
the matrix, to allow the different matrix components to run easily through the western blot 
gels.  
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- Cell migration: pPAK assay and scratch assay.

For the pPAK assay, TIFs were seeded to a density of 4x105 cells per ml in six-well 

plates. The medium was added to each well to reach 2 ml volume. Cells were left to in-

cubate for 2 hours at 37ºC and then either ultrasound every afternoon or left as controls. 

Lysis buffer was added to cells, before scraping over ice and transfer into cold Eppen-

dorfs. Lysates were centrifuged at 450g for 2 minutes at 4ºC. Finally, a sample for west-

ern blotting was made by adding the supernatant with loading dye (1:1). 

For the scratch assay, HFFs were seeded at a density of 6x106 cells per ml. They 

were cultured in medium and left overnight. Mitomycin C was added to block cell prolif-

eration and after two hours of incubation at 37ºC removed. A scratch was made through 

the well and detached cells removed by cleaning the wells with PBS. The wells were im-

aged. And then ultrasound was applied as described, in two wells for 20min, two for 40 

min and two more as control. Then they were incubated for 24 hours at 37ºC. Finally, the 

wells were imaged again. 

- Matrix expression: Matrix composition assay.

HFFs were seeded with a density of 4x105 cells per ml on coated six-well plates with 

0.2% sterile gelatine. They were cultured in the medium for one week. Media was 

changed every morning supplemented with 50ug/ml Ascorbic acid. Two hours after 

seeding cells were treated with ultrasound every afternoon or left as control. All the wells 

were pulled out at the same time at the end of the week. Cells were denuded as de-

scribed, and the matrix was scraped from the wells in to sample buffer. Samples were 
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heated for 2 hours while shaking at 500rpm. Western blot was then realised on the 

samples. 

- Matrix crosslinking: Lysyl Oxidase assay.

TIFs were seeded at a density of 4x105 cells per ml. They were cultured in media for 

72 hours (Monday to Thursday morning). Two hours after seeding cells were treated 

with ultrasound, at the same time every day, or left as control. Every 24 hours, after 

seeding, two wells were removed from both ultrasound and control six-well plates. Wells 

were denuded, scraped and the matrix was finally pipetted into Eppendorfs. All realised 

in sterile conditions. Eppendorfs were centrifuged at 450g for 2 minutes at 4oC and a 

sample for western blotting was made by mixing the supernatant with loading dye (1:1). 

N.B: Due to infections Fungizone and Gentamicin were added to the media to try to 

prolong the cells life when needed.

- Matrix organisation: Immunofluorescence staining of Fibronectin. 

HFFs were seeded at a density of 4x105 cells per ml. Cells were cultured in 6 indi-

vidual MATTEK glass-bottomed dishes that were coated by incubating them with 0.2% 

sterile gelatine for one hour at 37ºC. Then, washed three times with PBS and cross-

linked with 1% sterile glutaraldehyde in PBS for 35 minutes at room temperature. After, 

washed three times with PBS and quenched the cross-linker with 1M sterile glycine in 

PBS for 20 minutes at room temperature. Finally, the dishes were washed three times 

with PBS and incubated in medium for 30 minutes at 37ºC. Two hours after seeding 

three dishes were ultrasound and three kept as control. Ultrasound was applied at more 

or less the same time every day for one week. Growth media was changed every day 

adding 50ug/ml Ascorbic acid. Due to problems trying to keep the dishes sterile 
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fungizone and gentamicin were add to the media to try to prolong the cells life. For ima-

ging the matrix, cells were denude using extraction buffer. Matrix was fixed with 250 ul 

4% formaldehyde in PBS for 10 min at room temperature. Then washed with PBS twice. 

Blocked in 3% BSA in PBS for 1 hour at room temperature. Primary antibodies for 

Fibronectin were applied in 3% BSA in PBS for one hour at room temperature on a rock-

er. After three washes in PBS, secondary antibodies for Fibronectin were applied for 30 

minutes in dark on a rocker, see table 1. They were then stored in PBS before taking 

them to the microscope. 

Results:

- Matrix Solubilisation:

The best way to solubilise the matrix was investigated to obtain an appropriate meth-

od for the solubilisation of the matrix during the matrix composition assay. Thess exper-

iments were carried out as problems to run the matrix down the western blot gel were 

encountered. To avoid no obtaining results in the composition assay seven different 

techniques, described in table three, had been tried. As possible to observe in figure 4, 

collagen I and collagen III run better if solubilised by boiling the sample at 85º either 

from a plate or from an Eppendorf. Fibronectin worked with all the different techniques 

tried, apart from the use of cold dispase. We couldn’t manage to solubilise collagen VI 

with any of the techniques used, we thought it was due to high cross-linking or too high 

molecular weight. As the technique that worked for every component of the matrix that 

we were going to test was technique 1 (Scrape from plate in 100ul sample buffer. Heat 

at 85ºC while shaking at 500rpm for 2 hours), that was the one used  in any future matrix 

solubilisation experiment carried out.
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- Cell migration: pPAK assay.

pPak assay was carried out to determine that the ultrasound did affect the fibroblast 

migration, as there is a correlation between the increase of PAK phosphorylation and 

cell migration. As described before, the assay was done in untreated and ultrasound 

treated TIFs cells. In image 5 it is possible to see the graphs and the western blots that 

show the increase in PAK phosphorylation when treated with 1.5MHz pulsed ultrasound.

Figure 4. It is composed of the different western blots that where run to see which solubilisa-
tion method was better to obtain a sample of collagen I, collagen III, Collagen VI and 
fibronectin. The numbers seen in the columns of the western blots represents each technique 
used, labeled as in figure 3.

Collagen I

Collagen III

Collagen VI

LEGEND: 
1. Eppendorf, heat at 85ºC for 

2h, shaking.

2. Eppendorf, heat at 70ºC O/N, 

shaking. 

3. Plate, heat at 85ºC for 15 

min, scrape. 

4. Plate, heat at 85ºC for 30 

min, scrape. 

5. Eppendorf, add 40ul of dis-

pase II for 15min at RT, then 
boil at 85ºC for 15min.


6. Eppendorf, add 40ul of cold 
dispase II O/N at 4ºC, then 
boil at 85ºC for 15min.


7. Plate, add 40ul of dispase II 
for 15min at RT, then scrape 
and boil at 85ºC for 15min.Fibronectin
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- Cell migration: scratch assay.

The scratch assay was realised to see the differences in migration between untreated 

cells and ultrasound cells. It was realised on HFFs seeded at a high density. The results 

are represented in figure 6, where it can be see how the scratch was mostly closed after 

24h. This particular batch of cells was highly proliferative and it can also be seen that the 

control group is closing up. The main difference is the distribution of the cells in the close 

scratch, as the new cells treated with ultrasound have better directionality than the ones 

without. In the image of the 1.5MHz pulsed ultrasound applied for 40 minutes, it is pos-

sible to observe how the cells are arranged following a more organise linear patter than 

the untreated ones that are arranged in a more chaotic way. It was not possible to quan-

tify the results to see the movement as no space was left and this type of cells doesn't 

move in a front manner but more in an independent way, this will be discussed further in 

the next section.
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- Matrix expression: Matrix composition assay.

During wound healing, there are two phases where matrix form and reorganise to 

close the wound and obtain tissue that resembles the original. With this assay we aimed 

to see the effect of the ultrasound in the matrix composition and if any differences were 

observed with the normal matrix composition. The matrix was tested using western blot-

ting for collagen I, collagen III, collagen VI and fibronectin. In figure 7 is possible to see 

the differences between the effects of the ultrasound and the untreated. Collagen I 

levels were increased in the 1.5MHz ultrasound group. Collagen III was not detected in 

the gels of both untreated or ultrasound groups. Collagen VI did appear in the gels even 

if it didn’t appear in the solubilisation assay and the levels did decrease in the 1.5MHz 

ultrasound group overall but a pair of wells didn't decrease as the others.  Fibronectin 

Figure 6. It is possible to observe the scratch done before treatment and after the ultra-
sound treatment of 20 minutes and 40 minutes. In the first row we can see the plates with 
the scratch as soon after it was done and in the second row it is possible to see how the 
cells have migrate into the scratch repopulating the area. 
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expression does also increase in most of the 1.5MHz ultrasound group wells a part for 

one of them where is possible to see a significant decrease in the expression. 
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Figure 7. This three graphs represent the average of the 
components of the matrix. It is possible to observe the 
difference between the untreated (red) and the US 
treated cells (blue). 
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- Matrix crosslinking: Lysyl Oxidase assay.

The structure of the extracellular 

matrix depends on cross-linking 

between fibres, this organisation 

is believed to depend on the ac-

tion of Lysyl Oxidase on colla-

gen. Lysyl Oxidase expression 

was studied to see if ultrasound 

has an effect on its expression 

and the overall organisation of 

the matrix. As shown in figure 8, 

is possible to see that the lysyl 

oxidase expression has in-

creased over time when Te-

lomerase Immortalised Fibro-

blasts were treated with 1.5 

MHz pulsed ultrasound over a 

72 hour period, but it was not possible to obtain a significant value as p=0.44. Ultra-

sound does have an effect on the lysyl oxidase cross-linking with collagen and due to 

this an effect on the extracellular matrix organisation but a higher number of experiments 

should be done to determine the significance of the change. 

- Matrix organisation: Immunofluorescence staining of Fibronectin.

An immunofluorescence staining was carried out in plates of HFFs to observe the 

fibrous meshwork of 3D matrix, staining for fibronectin. One of the treated plates got in-
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Lysyl Oxidase expresion in TIF's 

Figure 8. It is possible to appreciate the increase in the 
lysyl oxidase expression over a period of 72 hours. It is 
also possible to see the western blots from where the 
information was recovered.

LOX
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fected and didn't survive till the end of the week, but it was possible to obtain results 

from the rest of the plates, see figure 9. 

In the untreated plates, it was possible to observe the fibronectin with more round 

shape and not spread evenly through the plate. On the other hand, the treated plates 

had a more fibrous and elongated shape that the untreated and they were spread more 

evenly. The analysis of the images was carried out using Fiji. The circularity is represen-

ted in a scale of 0 to 1, where 0 represents a line and 1 a circle. The results represented 

in figure 10 shows the amount of fibronectin that was counted in the images and the cir-

US TREATED 

UNTREATED 

1 

1 

2 

2 

2 

3

Figure 9. In this image it is possible to see pictures taken from plates of HFFs after a 
week of treatment and plates without treatment. It is possible to observe the difference in 
shape of the filaments of fibronectin, that are more fibrous in the treated plates and more 
rounded in the untreated ones. 



FRAME Summer Placement Report  �17

cularity, determining that the untreated plates contained fibronectin in a more circular 

form and the treated ones in a more linear form.

Discussion: 

This project was carried out to determine how ultrasound affects the synthesis of ex-

tracellular matrix by skin fibroblasts. Through various experiments results where obtain 

in order to confirm the hypothesis.

Firstly, the matrix solubilisation experiments were carried out. This experiments where 

necessary as problems were encountered in previous experiments when they tried to 

run the western blots to detect the components of the matrix. The different techniques 

tried were based on our knowledge of the matrix. Heating proteins helps them denatural-

ise and loose the structure allowing the to run easily through the gel. As shown in figure 

1, techniques 1-4 were very similar but following a different order and times of the same 

COUNT CIRCULARITY

Untreated image 1 165 0.435

Untreated image 2 144 0.467

Untreated image 3 54 0.421

US treated image 1 79 0.235

US treated image 2 98 0.177

US treated image 3 67 0.225

Figure 10. In this table is possible to observe the values obtained after the analysis of the im-
ages from figure 7. A count of the fibronectin was carried out, counting all the filaments that 
were observed that did overpass the default threshold set in the program. The circularity was 
also establish using the analysis tools available and the size of the particles that where going 
to be analysed was set at 5-Infinity microns, to avoid the smaller dots and try to reduce error.    
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step. This was because we did know that heating the sample was going to make them 

run through the gel but we didn't know at the time the best way of heating. We also used 

in technique 5-7 Dispase II, an enzyme, a neutral protease that hydrolyses the N-ter-

minal peptide bonds of non-polar amino acid residues (Sigma-Aldrich, 2019). It does 

cleave fibronectin and some types of collagen such as collagen IV, making them run 

easily in the gel. If we cheek figure 3, it is possible to see how it did help to solubilise 

fibronectin and collagen I but didn't affect any other of the collagens so it wasn't the best 

technique. Technique one it was considered the best one as it wasn't time-consuming 

and complicated as techniques 3 or 4 that were also good options but were too complic-

ated as the heating had to be in the plates instead of Eppendorfs and the lab didn't have 

a flat heating surface. 

PAK assay was carried out to prove that the ultrasound did have an effect in the mat-

rix and the migration and proliferation of fibroblasts. As explained before the activation of 

the ultrasound does activate Rac1 that will end driving the migration of the fibroblasts. 

By measuring the levels of phosphorylated PAK is possible to have a readout of the 

activity of Rac1, as the phosphorylation of PAK is a response to the activation of Rac1. 

Another way to prove the effect of ultrasound in migration of fibroblasts is to carry out a 

scratch assay. Normally when a scratch assay is carried out is possible to measure the  

gap left in between the cells before and after the treatment and measure the decrease 

that the untreated group and US treated group has suffered. In this case, the cells were 

really proliferative and, although, we seed the normal amount of cells for this type of ex-

periment, they did grow fast and the gap was totally close. It was still possible to observe 

differences between the control group and the US treated group. In the control group is 

possible to observe a few gaps where cells haven't proliferate, and the organisation of 
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the cells is more chaotic. When we observe the treated ones they have cover more sur-

face and they also have organised more uniformly. It is also possible to observe that 

when the cells were exposed to a 40 minutes treatment the organisation looks better 

than the 20 minutes one. To obtain more accurate results where is also possible to ob-

tain a measurement, it should be done again using another type of cells. MEFs and TIFs 

do move closing like a front making easier to measure the gap, while HFFs move more 

individually. Another way to obtain more accurate results would be to realise a cell-de-

rived matrix (CDM) migration assay. CDMs are 3D micro-environments that allows the 

study of directionality, speed and persistence. Scratch assays give rise to a monolayer 

of cells that migrate randomly as chemokine gradients are absent (Kaukonen et al. 

2017), while in CDMs the matrix topography allows a high directional migration. Running 

both PAK assay and scratch assay helps to establish that the increase in the phos-

phorylation of PAK is due to the migration of the cells (observed in the scratch assay) 

and not due to an increase in protein levels. 

As we are exploring ultrasound as a treatment to heal wounds we need to take into 

account the different steps that influence wound healing. One of the main things that 

need to occur is the production of the matrix to serve as a scaffold for the new cells and 

close the wound. To see if changes were produced at the level of the matrix, a composi-

tion assay was done. The results did prove that the matrix produced under no treatment 

has different levels of collagen I, collagen III, collagen IV and fibronectin than the one 

produced under treatment. Collagen I levels was increased, collagen III was not detec-

ted, collagen VI decreased and fibronectin increased in the 1.5MHz ultrasound group. To 

validate this results is necessary to carry out further experiments as not all the plates did 

prove this tendency, it is possible to observe the results in figure 6. It is possible that 
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some of the plates expressed a different tendency as they did suffer various infections 

throughout the week and they did have to be treated with Fungizone and Gentamicin. 

But it is possible to confirm that there is a difference in the composition. 

To further examine the organisation of the matrix lysyl oxidase expression was meas-

ured. Tissue homeostasis is mediated by the coordinated secretion of fibroblast metallo-

proteinases and the controlled activity of enzymes, such as LOX, that crosslink and 

stiffen the ECM (Lucero and Kagan, 2006). LOX is also in charge of the crosslinking of 

collagen I with elastin. Elastin stretch is limited by tight association with collagen fibrils 

that are assembled into fibres and become highly crosslinked to one another via their 

lysine residues (Frantz et al., 2010). It was known that the expression of LOX increased 

with the ultrasound treatment. The results obtained does follow a pattern where the  

LOX expression increases with the different treatments each day. When looking at both 

the matrix composition results and the LOX expression results we can see that not only 

the LOX levels are increasing when we apply the ultrasound but also collagen I levels 

are increasing, so we could confirm that LOX helps to stabilise collagen I located in the 

matrix. Finally, so that we didn't just have a biochemical analysis representing the migra-

tion immunofluorescent staining of fibronectin was done. It was complicated to obtain 

good pictures of the fibronectin for different reasons. Firstly, the plates got infected early 

in the week and some of them had to be throw away and others didn’t produce a good 

quality matrix. Another issue was at the moment of taking the pictures, that due to the 

exposure to the laser, the fluorescence of the fibronectin decreased before it was pos-

sible to take the picture so the quality was low. It still was possible to obtain some im-

ages but an in-depth analysis wasn't possible. We did establish that the matrix produced 

by the cells that were under US treatment had a more fibrous fibronectin than the one 
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produced by the control group (circularity values in figure 9).  As in the results from the 

matrix composition, we saw an increase in fibronectin in the matrix. I was expecting to 

also observe more fibronectin in the images, but in this case the number was lower in 

the ultrasound group, this should be look again by redoing the experiments. This low 

levels of fibronectin could just be because of the area from where the picture was taken 

in the plate or because of the infections they suffered, as this last ones did occur only in 

the treated plates as it was complicated to keep them sterile during the application of the 

ultrasound. A better way to deliver the ultrasound should be found and the experiments 

repeated. I propose that for this experiment six individual glass coverslips should be loc-

ated in a six-well plate and carried out as normal, as this type of plate has a better clos-

ure.

In conclusion, fibroblasts have been used to test whether ultrasound produces 

changes in the composition of the matrix. It was possible to observe that the composition 

of the matrix is not the same when treated with ultrasound, as there is an increase in the 

production of fibronectin and collagen I and a decrease of collagen VI. It was also pos-

sible to see how the migration and organisation did improve by using 1.5 MHz pulsed 

ultrasound for a week.
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