/KLV HOHFWURQLF WKHVLVY RU GLVVHUWLEL
GRZQORDGHG IURP WKH .LQJ[V 5HVHDUFK
KWWSV NFOSXUH NFO DF XN SRUWDO

Dissecting the cellular and mechanical changes driving keloid scarring

Belo De Freitas, Deandra

Awarding institution:
King's College London

The copyright of this thesis rests with the author and no quotation from it or information derived from it
may be published without proper acknowledgement.

END USER LICENC E AGREEMENT

hvo *w}3ZoE v]e3 §}v3Z]uu ] $ 60)® o} A%y PShis work icensed
under a Creativ€ommons Attribution-NonCommercial-NoDerivatide® International
licence https://creativecommons.org/licenses/by-nc-nd/4.0/

Z}Jp E (E 38} }%CU ]SE] us v SE veul]d 32z AYEI

Under the followingconditions:

X Attribution: You muat attribute the wark in the manrer specified by the author (dwot in any
way that sugges tha they endorseyou or your use of thevork).

x  Non Commercial: You may not use this work for commercial purposes.

X NoDerivative Works - You mayot alter, transform or buildupon this work.

Any of these conditions can be waived if you receive permission from the author. Your fair dealing
other rights are in no way affected by the above.

Take down policy

If you believe that this document breaches copyright please colhitaetrypure@kcl.ac.uk providing
details, and we will remove access to the work immediately and investigate your claim.

Download date: 08. Aug. 2025



ESSNE O TN, +— 1= (UL NEF - (Ba&—+E&F - Q%!

0RO 1%+ 24" 1$8— - £ Q)

! ll#$%&#l (Il)*l%lll+&ll’_#-l

THSHESHE ()%)$+, 19— . /8)) " &10+(!
W& 1" " 1401 2:+3)+ (101 4HS+ I+ 64T
!

I

8%, &*%19" ) ("10+(19"55! 2 1 5 +57 3-5* (I<$+6# 7%$3%!!
=§, DUIO+5H"1"1?2+, &+, !

6"6)"/ . " (ABAC!



1 H$%8%" () *

DI+, 5(/ A=) ) IE+(FIB (%" ,) " &5, A4 " USHISHLZ THE , (IHE" (*15, 0+(/%)$+, " 18" (817 &
LTV (- (3THIDI3+, OS(/ T)AE%) )41 . ™" 15, 883*) " &IS, 1) )™ it

(ISR LT (GRELL TYE T 1T YO0, &1, 1(818, *51 ("% (3#16%6 " (HOIEHSIHIDI* /]
3K )+ (156 " &) . S+EL!

!

=", 7IVINGIL 5 *(3+))$1860 1 "0 (OF 112 (- €810 5 612" " 3#IPUI< "SIBIONIO*K)+ , NHI2R*SKE. "K5+K2+S*]
3 62001M5 " 3F1 SR THh+ , 1 241 4485866 ™ +%1 Ol 5 * , #%()! THI GH*E! "1 @) (*/ " (1< 5 B 5 *)(SU! <$+5 ABACH!
T-)+3($, "DAVI&(S] "H13" 55 , &17U) (*3"5B-5% (L/*) (SUI* , $+) (+6 718, 1463* (105 . (+ . 5!

!
Rl G Ll SR N

0"6)"/ . " (ABAC!



%,-"&%#"

D, &89S+, 1)+ S, 3("*h" &) "U)(*3"H-5%(! /*)(SU W09 5 X! B(+8&=3)+, Il "1 05 (+)831 Sk~ "1 Sl *5p+]
38 (*3) " (h7 &L 7%, 1%5) " (%)8+, 18, 1./%) (SUI *(348) " 3) - ("I E#™ ("1 $0+) (+6$31 09 5 105. (“ %!, | #7*5)#7!
Y= "1%581 18- (5, 1108 . (FUSHEIY+E " 1™ ()4 13% ™ 140105 ("1 , $I+) (+6 718, 1963% ()" 151 - , F , +EE, i
Y (" IE 1T UBE+S) I 5+88163% (CRIFIOS . (+6 (+580" (*)$1 " IhFS , 18&8W+(&" (ES)#!, +HIF , +E , 13% %" 1+ (13- (") +!
§, 10R)SL*) " YA 07 %)= ("1 +01 05 (+USI) H ™1 S+ )#*)1 09 5 1 %561, /)1 Sl /S/$3F" &) $' /,-8%1 7!
3-5)= (8, 1105 (+ - 5¥)h P+5%) " RIO(+ /1 A" LE"5+881 8" (/S , &1 )™ (" 0+(IIF"5+88105 . (+ . 5%) ! i=2MX!
*("1-0 &I+, 1T H)SL) "DF" 13" 55-5% (1%, &1/ " 3%, $3%51&(S1 ™ (H+0I08. (+)$3L/7%) (SU5SL, /7, )il

=2M! & 1"5+6! *1 H$1,8083*,)57! *561, "&) h-B(*3"5-5%(! *3)8,! , ")E+(FIl /"&*)"&! 7! 3"553"5!
<GS, I, * 5T OH(/*)5+, HOPSL, "&I09 5 HH (T 1 TSEF) o) +3(5, T8, )" (5" - FS, KVID?K
VXIS, IF 5488108 . (+ . 5U)HISH! . +)# , *3" Wi (71% , &1%-00338" , ))+1$, &-3")#SHIBH" , +)76 U 2+E , %)("* /!
HDKVIS, &" 6", &" , )IBH*(/ *3+5+183*55, #5 . 9)+ , HOIO8=IT=""r , &IB" T""CI6("1",)B"5*51, /" )]
HSLASSLA)S, 111 (457104 () # 0" 1USL, %556 , 11 6*)HEXTHS, ) HSHI0S. (+)$316#" , +)76"H1Z6%) (**/1+01D2KVI!
K= - (I8F)XIE " ("1, 3+, 3551 "IE " 16 (+6+Hh" <I(+5" 10+ (13K0-, 8, & 13+, 1)8)-)$1 * 16 (+&=3)$+, !
HOD2KVIS , IF"5+88108 . (+ . 53yl

="5+88108 . (+ . )RS+ BSHES*7IXESL , " I0+3*EI*EA S+ , I EHSHIE " 76+ Uh 11", " (%) "1*561, &
)(<3)5+, 10+ (370 JEER) ™, % 5T )T ) (#6831 (" /+&T5ES, 1 H0)#T109 8 T TUR /S, TL6%) (L WS, !
)(<3)5+, W) (<3)5+, L0+(3" L ZS3(HU3+B71IM 5 XLE*H 67 (0+(/ " &)+, 1 =2M* , & N2M N+ 451, $053*, )!
88007 (", 3" WIS, 1) (*3)s+, 1 %581, /™ ) E" ("10+—, &I HSL#5$14)S , 11 )#%)1 0= O#™ (1 +6)$/8%)8+ , 1 /*T1 ™
(" [-5(" &4

N " O )AL E+(FL 6(TH,)"8) 8,1 )#Sh! AU %-LL ")t *1 ,+1750 0-, 3)+,1 0+(1 D2KV! §, 1 F5+88
BFYHHL", "USHIPHIDRKVINSL , %558, LA . ™" IRHE , 1)+1_ "1IS)*518, 137 561% | &109 5 1(" /+&" 556, 161" 40"
&*)*1 =11 H) ) ) (%67 -)$31)*(17)S, 11401 DKVI /%71, +)1 4+, 571 ("&=3"18, (5% /7 /*)+ I . =) %5+
ST 3 3RSIB(+6 ()87 U1+0108 . (+)$31) 8- "6l



Ut *) /SN0 L* T

"G O)+S, —HIIN) 12, 18+, 348, W —516$, 8,46 " 448, 74" b+ (6+H — 51484, S8+ 88" (" O " (5"
<I5+81"$, I=+>1" (1" = "2%#(6!" O, 388, —, 1581, (&,) &, " —!" O I5+81>"9, I=+i>148%>, ) |-, 1" )= ") , I ,!
"=, 8%, $7E, (8" 18, %, " $7>, il

D)2, 18+18>" (21=+8>1—BI(T$, Y=, 11" =il ; +171118>, 1 — , —= , $h#(le>, 1AGS" — , $I1"=IB>+— "), I—5lg— |
"UICDE!" 1+81—+8, 58 (6>, 11" =1, (9#$+(— , (&>, 8, 1%, , 1012, 1", 7+ 1** —#15.1" Q11" — % +16$"4, *B11/16+4)
G+, 114 SUHHGIAL , T8 18> (2HEHIAR, ** (8" 81=, 861" (1" — " 24 (61$E, O!" Q! — , (+$IF" O 16>" (215+8!
*4§l0> " $4(615+8$11+9, 4§18 147 (++) IB#>!— , i

s+, IA>" B, 16>, IGHDIBALL"IB " 5%i=, 1" — , —+$51/1>+1)19, $5171+%, 16+ 51>, "$6.1+88184— , >, $, 1B Ul
886,86 =1, 11" (O1*+$,9,$1%79, Y (IDL" 8) 4" Wid>+(, e+$"6, JI/N) 1142, le+!, %, T 11516 (2IKL, (*IFIB, !
1788, )1" O!"$,!, QO#(BU>HHIL+BS(, 5l6+6, 6>, $.16>" (215+8!*+$1" 1B " 5ki=, #(6%>, $, I

"$(US) "I%4, TE 18> (21 5+81 4+ — 51 1+9H(6!** —#5.I MN.IMO. P+—1 " ()1 Q") 1 *+81 6>, #$1 8 (7+ ) tit+("1!
HBAL+$8.! ++81 7+ (84 (B+8UI5I*, , (B! 1™ (1 =$(6E(6! —, 16>, 1+77 i+ ("1 61" ikl +* 1ERS+$J B>, | BS## (6!
§*—t, 1> (215+81%+§1 " 1115+8814% 8, (7,1" ()!1+9, 16> "8I5+81>9, 1649, (1—, 1 * () (LIS TTH, 1*+$1= #(6!
9, $516++) 1 "USHHIL+=1"0IE> |, —+i+ (" LhBAA+$I" (H— " 114415 1>+8%, >+



"0h,$ ) 2 ) KT

$<=>20AIZ,L )BIACDEFECBL,,,,00mmmsmmmsssssssssssssmssssssssmssssmsmssssssmsssssssssssssssnssssssssssssssssssssssssssssssn = Al

i

UIH V8 (¢ (s

g g ag e am O dn s s ascaEagi I X

UL HETSRN(R+, )&+ 5./ +)/-)50()12.+) B4!

»»»»»»»»»»»»»»

uiwgl - Y+$—"11B+8()!>, "1 (6 (%24 liitiicammaniianig

3 56(%6.(7)/-)7/&+,)0(8.+9) B3!

1'3'3'l 2 (FO*H/S*+1,&8./+).+)7 /&+,)0(*8.+9) B;

UIZI T=(+$—"1IB+8 (!>, ™1 (6] =S+ bttt icieai s ararncon

»»»»»»»»»»»

LAY

<l = SH/L )L +9) B!

<3l 9+ A9)@*S07 A1/ <8(,)8/)-. >/ 1.1) Be!

regrl  %&T (A%, pa!

PESS! O-1, - lh- ) pct

regwl 234, -0k, RD!

I'#$’5' 67(8)%, -/, -

rael EB(H(,)FG 2 )4t 0.8(*$&%(). )50 (- /5. ")8.11&() Kal

UTE AR—H1mS$te, %=, 8B, , (16>, =S+ 71688 , 1" (16>, 168 —+8$1066%+— " Iisisisaiicii

Ul HOQFG 2 )%+, )- >4/56*181). 450 ()88 1 /8%) K1l

VVVVVVVVV R AV

o



1531 HOQ B CO*+. 8%+, ) B /8C 884 B ("0%+.101),%.6.+9)GE=].+,&" (,)FG 2 )*8.9+ I (Hg)mmmmmmmmmmny 3|
VAV O LU ANt Il R v
el 5eU6.(7)/-)2C/. )1 W +9) k<!
U231 KH(B(+S./+)*+, S-S 1 (+9)/@5./+1)-/%)2(8/ ., )1 *H1) K;!
<l FQ., (N./B/9A)%+,)9(+(S.")-*"$/%1)*<11/" *$(,)7 .$0)2(8/. , )1"*H1) k2!
125 FE.OCHES. ). H)2(8/. )1 M. +9) kB!
122l LAG/SO(L1>(0.+,)2(8/. ,)1"*%)-/% 1 %$./+) kB!
2Bl .0+ 49)@*S0 7 A1/ *3(,)7.90)2(8/. ,)@*$0/9(+(L.1) KD!
e G 2).4)2(8/. )1 *%1) !
Vg EO o T T B G A

$<:>?@A!—'! 5:?@AG:|\]!:BD!5@?<CDJ!,”,,”,:n,m:m:m:mlmlmlmlmlH’l'”l'”'”"”"”"”"”””””””’””””!6 !

WRUR! D, 11178188, | — , &>+ ) S pasaccosmsaeccnmsseccapadaecopasoctoa T U!
el H11&()G/8("$./+) ) 1!
33T Kb DAY, (0 *0)" (89).1/8%5./+) ) 1!
<l 5+9/.+9)" (8)"8858%() ) 1!

WIWEL /9, %846 ™ & (617, L1 ™ 186 (— , (oSS aaasaasEonaaaaaaaeEcomdaamapaccomnpadaaa !
331 GEL((,.+9) ); 3!
3'3'3' G(88)-.N.+9)*+,). 1 1 &+/-8&/%(1" (+" ()18*.+.+9) )i <!
3'3<! G/+-/"*8)0 1 %9.+9) );<!
3331 P89 (@) ;<!

L1174 B (T (L] QT G L A
<l 0*9()@%/ " (11.+9) <!
3<3 EBO+ N (+8)>A)=/&%. CHHW*+1-/% 1) ) 5!
<<t KA1 ($CL(CH"0).+)E=H) ); 2!

LU (LI 3 08T Qb 1t ] A
33 GEHL((, . +9F+, )ShCS I (+9) ); 2!
3331 QUUS(H+)>8/%5.+9) ); 2!



FEEV 9. 23 m 1) vE!

$5'$'$! O<H<=-)2/>11t-,);=>1>0>/) )8!
<l E4$.5/,A)L$h.00.+9) );C!
3557 KO/10/IR A+*1(HE*A) Kc!

$'5'5"1"l A</)*<<Bt-,).-B);C.=z .@>/>,40./)1=<_1 = <-1¥ ); D!

$5'5'¢" 9. = ;/Q)@>/I<01+>-) 50!

$'5'5'#! DAE)F=>1<t-)E** .6) ); D!

$'5'5'5'! E==_G)F=>1>0>/) P4l

$5'5H! 1.1.).-./G*) pil
3?1 FSHE) p1!
$5HT A<I*<<Bi-,) . ~BJ*d;<=— .1 ~1)@>//<fLe>-) p1!

$'5'H'$'! K769E);=>1>0>/) 3!

LAV SR UL O 1 Gl N g i i s N

WAL a$,47$" b+ (114415773517 —£) 17, 1UKB=HAS "8, HIBH> )4, $, (Rl (, b, %1*+817, 101" 156 (—, (&!

"())58" T+ (1487, IPHTSHNT+A51, 34, $— , (N 2!
IBY T.L0)@H(@*HFS./4)+, ) /6 (H18.0)-&+"$./+%0.1%5./+) <!
3BT KH(@H*S./+)/-)O/A* HAT* I ., ()9 (O)L/88S./+) sl
3B KW(@*I*S./+)/-)0/8AHAG* 1 ., )9 (BL)L/B8S./+)-/HHI*"$./+)=/%" () = . "4/ 1" /@A) P;l
3BT UE/A N (h1%8./4) P!
3BT UE*S.+()"/*5.+9)80(9(8)184-*" () 1Bl
3BB!  GE®L((,.+9) PB!

WEL 5" T8 (187 , P 7S +47-+45 A b
3CT #/58>8.1.+98.6(). 1%9.49),AC1) PC!
3C'31 0B*9(*"V&.18./4)-/HH=1) PC!
3C<! 0N*9Q@H/" (11.49) D!
3C;" 0N*9Q*+HALY) D!

WACH AR 497 11 (15, e~ X

WAL 7>, — 00~ X



$<=>70A11,!  &E?CFAGB@!)%K ; IDACL@J!F@II!=BD!#$5!=ICMBN@B?!6B!O@ICCD!IF=AJL,,,,,01r1mmmns 5 !

AU € YRt € O AV
<rrl E+1/$/@.7) (8)%+,)FG 2 )*8.9+ B (+9).4)2(8/. , )-.>%/>8*1$1) B!!
#rrl L<.*J=4-,) . /4, = 2 <=1)26)" . ¥1) "> J=4<=)h= . ~*>= =) B?!
<13l E1 B!
A o W S e
<UL WAL, *8./4)/-)ES.9+ B (H8)>A)=/ 8. CHHR*+1-/% 1 ) BB!
<331 E&$/"h+(0SIB),%.6(1)" (8)*8.9+ N (+9).+)+/% 1 *8), (% N *8)-.>h/>5*151) BD!

<3< OSIB).L)1&-". (+98/).+, &7 Q" )+,) WSENPE.9+ B (+9).4)+/5 1), (6 158 /5Ly )

<351 0SIB).L)+ (" (LLAHA)-/H)" (B8)*+,)FG = 8.9+ B (+9).4)2(8/. ), (h 1 *8)-.>h/>8*11) 3!

<321 HXEIe, OSITYSESH/GHU=IT D). +THCELQ” (98.9+ B (+8).41+/5 1%8), (19 >H/>F= 151 |

<BBT HX=I)R, ST B (, *SO0SIB)@N/ , & S.7+).+)+/% 1 *5), (h 1 *)- >h/>8*181) B!
<31 0SINEIYE HX=I") B (, %$()" (88)*8.9+ B (+9)6.)0SIB)1.9+%88.+9) co!
Ay RO YRe el QR e

$<=>70A!6,!  )BL@I?CM=76BM! ?<@ N@F<=B6INJ! P@<CBD! )%K;KDAGL@B! F@Il! =BD! #$5!
=IGMBIN@B?IGBIO@ICODIIF=ATL, s summssmmmssssssssnssssssssssssssssssssssssssssssssssssssssnssssnsssonsssosssssssssssssssnsssssssssasssnssssonssssn QO

J NI €A Yo g e
;U 0SIB)L9+*H.+9) D;!
Sl ALG).-B)l=. X (%, - k-, D;!
5y QEANINEY )+, - [/+-,) DB!
511yl LEFANKO4)*+, - ./t ,) pC!
5115 F6#ANEAY)™ , - . //+- ) pD!
;13 En) pM!
LI o W L
;30T RE/L )R+, D) S4/565181) (NO.>.9), .- (h(+8)0SIB)L. 9+*8.+9)@%/-.8(L) M4l

331 0+0.>.$.49) - EKRYFZR) @*507*A) , ("h(*1(1) " (8) *8.9+ N (+8) .+) 2(8/.,) *+,) 0SIB) $K(*$(,) +/% 1 *9)
->%/>0 18 ) LLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLLLLLLL V!



23] 040.>.8.49) \ERYAHEH) @507*A) , ("HC-L(L) *(8) *3.9+ 1 (+8) +) 2(8/.,) *+,) 0SIB) $h(*$(,) +/% 1 *9))
- Sh/>8*1$1) M;!

7331 0+0.>.8.49) KOKRYERH) @*$07*A) , (H(*1(1) " (%) *6.9+ 1 (+9) .+) 2(8/.,) *+,) 0SIB) Sh(*$(,) +/% 1))
- SH/>8%181)) MD!

232 0+6(18.9%5.49)1.9+%8.+9) , . (h(+" (U)> (ST ((+)+/H 1 *8)*+,)2(8/. ,)-.>4/>8*181) 7 $0)*)@0/100/12.+*1()

“WALLLD 144!
2B R, )-SHSBFIS1)0%6(H).+ H(RL(, ¥ 75.6%8./4)/) " 0\&+) 147!
13CT 0+6(18.9%6.49)80() (-~ (*$)/-)" \&+).+0.>.8./+)/+)0SIB)@/ , &°$./+) j14c!
;"3 0+6(18.9%8.+9)50 () (- (*$)/-)" \&+).+0.>.$./+)/+)2(8/ .., )-.>%/>8*18)" (88)*8.9+ I (+9) )1am!
TZ4 o7 W

$<=>70A'8,! )BL@J?GM:?GBM! <@ NQ@F<=BGF=I! F<=BM@J! =JJCF(=?@D! RG?<! O@ICeD!

UL/ a8+ 87+ UL
210l 56(46.(7)/-) (8)>./ 1 ("0*+."1) ol
H1r 6-1<,=+-%) el
HI'rg! *>0./)EBC<*>-¥) 18!
2131 GEHE*"S./+)=/%" (U*+,)FG = Jh( 1/, (8.+9) D!
H1g! Y= . BL>-)>=0<)i-)P</>B)I2=>7/ . *1¥) )nip!
0 HES/4)=/% () 2 %/10/0A) 31l
2170 E1Y) 133!
NI, L 2
230 R/, )-SH/EFIST) B EA§*.H)1+980)" (B)OR/O(HS. (1)/+)1/-$(H)18>185*$ (1) J13<!
2331 RE/.,)-SW/SEEIST) B A§* +)" (8)*8.9+ B (+8)/+)1/-9)18>18%*$ (1) 132!

23 HEFTS./4H)-/% () 1.1 /@A) (B (L) +/) /9 $.8() , - Ch(+T (1) 4) 28/, )<+, ) +/% 1 RD) - SH/>ER181) *1)
1.+98()" (81)) )13

235 HERTS/H) =/%() 2 WLT/GA) 7+) T/ +-88(H9) "&8SeH(L) L /(L) +/9) 0.908.909) , .- (h(+" (1) +) *8.9+ 1 (+9)

>SE7((H)2(87., )%+, )+/ %1 *8)->%/>8*181) )1<4l
H'$'5' 1l KQ;/>=t=,); .=. 2 <I<=HI>)ICK) . - L /GH*)>H)IC<)  f+, - = <=1)>l)1=. @L+>-)li>=@<*] )1<4l
H$'5'$! B-R<*1t, L 1=, ) 1= 01>=) .+, - = <=1)SH1C); =<Ri>J*/G)>; 1+ = #<B)E "%); .= = Lg=rymmmmmmmmmmmm | << |



H'$'5'#!] T; 1t #%-,); .= - <I<=*)1>)Ct, C/t, CLBHlik=< - @<*)t-)1= . @L+>-) . —+*>1=>; )

H'$'5'5'l 6-R<*1t, 1+, )1C<)<M<@L)>MFEU)t-1<=;>/ . 1+>=)t=)1C<) . J+, = = <=1)>M)@<//)1=. @L>-*"""

HESHT  §-R<rs, .1t ICQ)INKOUSIR<G1>E) = ., ~IB-)IC). /+, = = <=1)PIB</L= . fLes—pmmmmmmmm)y <y

\VZ4 R O T QY (O
$<:>?@A! ; l! $CBFIE\]GCB\]LHIl”ll”ll”ll”l”ll”ll”l”!l”!l”!l”!ll”ll”ll”ll”ll”ll”ll”ll”ll”l”ll”ll”l”!ll”l”!l”!l”!ll! : 68!

g (U CIY @ 1) Ealrgs g @ T AN

BTl OSIBJ*1M2(A) 1/, 88%8/%)/-) (B)*+,)FG = J*8.9+ I (+§).4)2(87. , )-.>h/>4*151) ;2!

B'1'3l R(/.,)-.>%/>8151) B *A)Q(+(H5*$Q@*$8 (h+(, )" (B)$%*"$./+1)8/ (1 7, (8)*+,)*8.9+)$O()FG = )1 ; D!

B =&HSO(H)"/+1., (5$./+1)8/) N ("O*+.111),%.6.49)" (8)*3.9+ I (+9) 124!

g O-INFAF); .1ICS.G)t=)@</) . I+, - = <=1} 124!

grus! O-INA.Y"); .1CS . Gp-)a<ll) . /+, - = <-1) 21l
g LT s i QO

NZY C, SIS+, TRT+ () , $ ™ d+ Cht ™ (O M — 4™ G+ oSS o asas s ar Mg\ 2!

vvvvvv

A8 G A>T ™ 08 — — 33 asc s BB AR ASE AR ARGRARGE I \ 2!
$<:>?@A!S,! &>>@BDGT!,,,,,”,,”,|”,|”1|”||n||n||HllHHHHHHHIH!ll”ll”ll”’”"”"”"”"”"”"”"””””””””””””! - 88'
biull  JEFNT+(7, (88" 8+ (1Y Q" *+11+BH#(6!758+24(, 168, "&— , (RUIHIBMGHAIICEAsEcHmAREcamtEcamsEcaBEcaEEIU N\

biwit  /(#=#i+ (+414A; T ; ZIB#>1ZXI— PIDUccF_!" QIUXIdPIAL " 884717 " 8%, %! = 4-+A&-+Yoliiiiiiiiciaiiiiu\ b!

bizil  zDTla$+s, #(TA" 51 7+(HS—HAS+s, b 7+(7, (68" 8+ (™S, 1BE>H( ")) L8, 767 =1, 187 (6, 1+,

> >=+F 2 b, 1 S g peagE S s sasaR B BEABEABERAIU \ !
bili!  a>+hd>+F24("%,!"$$"5!" (" 15%#h!+ (! —BLEAAL, %" — 41, 17+—A4" S+ CRBEIMMRRmmHUN_!
bINL JEFNT+(7, (88" &+ Chi*+11+ B (617758 (H (=Ha+ i i s s iU~ X1

*4'



$(-"+)212(03&" -

**#68%., UIULK DIP 18>, L = — — = 1™ 2 s cspsnsns e acncas s pednspss !

v

"#68$, IUIWISY Cl6r6 (™ 11+ (O ane g agiagc e

!
"468$, WIUIAT>, — "8471#118%E$ " 84 (6!>+Bl6>, IT™ ; IR8™ (&%, ) 16>, I "1#6 (— , (&!+*1" 78 ("*4=$, Y Biiscceceansaicceaar] 1!

4683, IWIWIAT> , — "8714+4 " (G=+) 511+ 7" 8+ (L + (1 4>+%4>+F28 (", | — , —=$" ( H+=474(, ) I*$+—14$+) 874
A -] ol

"'468$, WIZ!Q, & 4, ) 7>, — "8 TI+8RIHCH(6))#>1" (016, 1148, 4§ -+ (UMM eI

468, WI1IQ, &4, ) 107>, — "8471) , & 418616 , 1 & (, 17+ " &t (OO0 on g BB N

"468$, WINIAT> | — "G7I#1BKES " 8617, 1%, , YE(B1+ (8 (T8t+( 18, ) 14+15T$51" —£) , 16, Iiisinb!

"H68S, WINAT>, — "UTIHIBHES " &H (%>, !, 3, T8 (! " PSSR\

v

"H688, WIDIAT>, — "87!) ,&"#H(BM— "6, 148+7 Wk (6+$! 5 ** P oSNNS BERBE AR NSREaEARCARCBERBECARGIN,_!

o

4688, WIC!AT>, — "4 T!1BY%ES " 44 (6!8%, !+ la/Me++=8"#(1)#h41" 7, — , (&, 1) Wliciiasimainasisaseaniaaniai 1

4688, 1ZIUIC,, 1+£) 7 " $h!, 3>4=#1" 146 (, )17, 11%!™ (KD P EfiiE i oo

R AREREEE U

=
=

14688, IZIWIC, 1+) Mh=$+=1" ! "6 (1" ()1 , 4+A8! " 6 (, ) IKD P U™ #B!he. ™ i i !

"'#68$,1ZIZIC, 1+ M=$+=1" W+ — (S "7, 11817 81" ) >, Yo+ (4R8BS taas e aaSa e aamaeetansaecmoasaEennagnv~ 2!
4688, IZ{]!C, 1+#) M=8+=1"%!$ , R8#S, I7, 1UF7, 111" )> , Y+ (hl&+! ™ 146 CCMEGRaBREERamsceanncc i ccnamseomnmserdnnsecnnnicnnniaa 1!
4683, 1ZINIM" 1£) "+ (- T™ ; IBISE— — 8 (++18+8, 47, (7, li— "6, W+ it (784=$,, I 146 (— , (AN D!
4683, 1ZINCQ T+ tt+(, )=, (TS, "%, )IYQ 1" 78 (1" 6. (— , (194" I/EF ke ( " Lt (G |
4688, 1ZIbVEFNE(TS, %, %7, 111" OIKDPI" 16 (—, (R (+$—"11) , $— " 1=$+=1 " wgsriiiissmisimsimimminU!

4683, ! Zic! /(Gh=tis+(! +* /EFN %6 (" 11(6! ),7$,'%,%! 7,1 '()! KDP! '1#6(—,(&! 8 2,1+)1),$-"
*= 8= 1 ™ Yok A aaaaaEG GG aaaaaaaeocaaaaec R oA

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
5@
=

»»»»»»»»»»»»»»»»»»»»»

"4688,1Z1 13 Y FUIT QVEFU"E(TS, ", 1(+6—"11) , $— "11=S+=1"4il" 146 (— , (UBIIIIIIIIO\

"4688$, IZIUXI/EFU™I" !5 YU FI () 8T, ) /EFNAS+) 8T7é+ (ol s n e iistoo!

4688, 1ZIUUN; Y"FUI" OQUEFUT (TS, *h, 1" 146 (=, (U411 (+$—"11) , $— " IIH=$+=1"Ug104" I/EF A6 (114 (61



"H688, TTIUN/EFNTL™ 67! ™ (168 CHPHE ™ 114 (O SeaEascascns e p BB BB \
#6838, 1T IWIST CeA 5 T 5 606 1L O 0SS saEas N BB EBERAE A
**#683, 17 2!P T aCee K HC 46 ( ™ 1L €O 0SS ps s p B BB
**#683, 11 12/ Z Ce T C 5 16 (™ L O30S ascps AN sBEaE AR BB !
"#68$, IJNIC, 1+ " QI(+$—"11) , $— "1I=$+=1"%! , 3>=H! ) #**, $, (&/EFNU6 (" L (OMummmiiimmaammmmma_U!

"468$, 1 1IN/ (Gi=idi+ (! +1 PTaCeKHC! w6 ("114(6!) , 78, "%, %l 7,111 "186 (— , (U £(L/EFARES, "6, )1 YQ I " Ol
eSS cosacoaacccnsaansaaceccnptaasascecmgtapacooaesy_z!

4683, 11ib1Q, &, S—#(#(618>,17+(7, (83" 4+ (1+*ISTCeA; T ; (4=t $HIE+14$, 9, (BA; T ; 21" 7849 " 8+ (OBl \!

4683, 1 ic! /(GH=H#(6!STC!), 78, "%, W 7,11 "6 (— , (UE(L/EFARES, "6, )! (+$— "1 H=$+=1"0g! " ! 2, 1+5)!
A = 3o e aeacccasapacaaecccmstandpaccecomogasooaecdtanasp! !

"468$, 1101/ (Gt=tt(6IA; T 20), 78, "%, W7, 10" 146 (— , (REQ/EFARS, "8, ) (+$— "IH=$+=1"g1 " ()12, 1+5)!
B o

468, | JIUX!/ (>H=14(6!a/ZCeTC;1), 73, "%, W7, 11 "#6 (— , (M4 /EFAFES, "6, )! (+$— "UH=$+=1"%e " !
p A Y e R A

468, 1 JIUUI F4$, 6818, )" O +B (S, 6818, ) 4>+14>+$51"8, ) 26( "%, h >6>146>81 ) #ht (78 6 (* 114 (6!
A$+41,0=,4B, , (L (+F$—="1 ()12, 1+, §— 1= 8-+=1 0o S Seesas oA ccooasaascpomssecconmaeesmpmmpeepU X U!

»»»»»»»

4688, IJIUWI/ (9, het6" 84(618>, !, 34$, Wki+ (1+414>+44>+851"8, ) 124 %, W+ (8, $, W (P, —=$" (, I TIIUXZ!
468, 11IUZI/(9, %684 (616>, 1, 34$, Whi+ (1+414>+%4>+851"8, ) 126 (", W+ (8, $, WP, —=$" (, ! T [IUX\!

4683, 1 JIUT!/EFAFES, "6, )! (+$— "1 " () 2, 1+£) 1 H=$+=1"0ah! , 343, Wkl >46>,$11,9, 101 +41 4>+hA>+$51"¢, Y
B o ac S acccnaamsaacecenddaadaseeemtaBagaaIU X

“4688, [IUNIM" 1) "8(61>, ITFSB(MHY TH(I(+8— "1™ 12, L+) e=$e= " WasiliiinuXc!

4688, TN (SH=tt+ (H+TRSB (12, 1+) H=$+=1 "0 — = Sl (S4=HI/EFNAS+) 8786+ CEHIHIEIIUX C!

4683, 1 JiUD! /(9,678 (6! ,**, 78! +4 TR8( 2(+72)+B (! +( 7,11 "16(—, (& £(! (+$="1 " Q! 2,1+H)!
VNV

4688, ITIUCIAT> , — "87I%8 — — "SI (616>, | — , 7>" (Fh—UI=5IB>HT>I/EFA> "=, | (++8 () 4+1$,681"8,!7, 11!

QLT G (L R Y

*1'



"4688$, I\IUIAT>, — " 8471#118%E$ " &4 (61%8$8 788, 1+*1 " 1+7* 11" ) > Yo+ (liieaaaaaaiiiits doddaaaaaaamaatAmRRRRRGGREIL N

=
=
=
=
=
=
=
=
=
=
=
=
=

»»»»»»»»»»»»»»

"468$, INIWIAT> , — "G47HIIBHES" 8 (6D)#, $, (U6 ("LE(B!S, ha+(h, WBHSE(*+7"11")> , i+ ("%, —=15{UUD!

#688, I\IZIC, 1+ M=$+=1"00a%! " 16 (17117 ) >, Yo+ (ol " &1) , Cont S aaseamsecamsecamsccamseomamsesmansesamaesmanpapruwix
"468$, INTJIAT> , — " GTHLIBHES " 4 (61>54+6> , Wi+ "6 (, )7 11" ) > o+ (i (12, 1+6) =S+ =1 "SahiliizIuWL

"468%,1 \INI Y4$—"11 "1 2,1+)! ), $— "1l 4=$+=1"he! —"#(&"#( W(BL,! 7,100 AS+4, 88,5 +( ke, SN
STl B

6 1%"'@@@@UQUUUUUU“‘“‘L@@LLW@@@@@@@@@@@@@@@@@@@@%‘JWK‘Uﬂ‘ﬂ‘t@@U@@‘@@@@@@@@@@@@@@@‘@@@‘C@@@‘C“C“C‘f‘f‘ﬁ‘ﬁ‘ﬁ‘@@@@@‘@@@ff@@@@@@@@@@@@@@f@@ﬁtVUUUW@‘V@bw@@@W@@@@@@@@@@@@@@@@@%‘Jﬂ‘t‘ﬂ‘ﬂ‘ﬂ‘t@‘@@@@@@@@@@@@@@@@@@@@@LU@?!UWA'
"468%, INIDIAT>, — "GA7IHIBUES "84 (61)MA1" T, — , (&1="1" (7, hoa N n A Uw !

"468$, NICIY+$—"11" ()12, 1+9)1) , $— "1H=$+=1" ket ) +1 (+816, (, $"8, ) #08s ( 78188 " 78+ (14 (&, COhtest, Sibuw_|

"468$, \i_IK341+$4(61+40— "UT" ;148" — , &, SWa+1) , (5D#,$, (7, WE()#41"7, — , (@4, D!" 1#6(— @

SRS PN 1 €St @ 178 T s B P

4688, INIUXY/ (9, %ié6" & (61a/MI" 16 (— , (81=,8B, , (12, 1+)!1" | (+$— "IH=$+=L" WHIIIHAIHUZ\

"468$, NIUUIK3A1+$# (6148 — " 1IT™ ;148" — &, Si+1) , (@51, $, (7, (a$" 788+ (" 146 (—, (&=,B, , (!
(G2 Tl U @ 17 k) Yig oot N L e

4683, | \IUW! K341+ (6! +48— "1 T™ ;148" — &, S+ (11, W £(8, $4+178, ) a/MI 9, Te+81 %, DI &+ ) , (445!

)#,$, (7, 1M 6 (—, (4=, 8B, , (1(+$—"1I" 12, 1+) M=$+=1 "N ZC)

"468$, | \IUZ! K341+$£(61 6>, | +48—"11 T ;14"$" — &, S0 +(1*18,$, ) YQU1 * ()1 CQ"1a/M! 9, T4:+§! %, 1) %! 4+
£), (@#50#*, 8, (7, Wla/M" 6 (—, (8=,84B, , (L (+8—"11" ()12, 1+#) M=$+=1 " a0ud ieeissimmmmmssiiseeeccsanmu ] X!
"468$, INIUTIAT>, — "871118KS$ 84 (61)#,$, (7,%1=,4B, , (|; "PIB#>1" )!B#>+88/7, 111=+8 () "$#, WU W!
4688, INIUNIAT> , — "871) , 44784 (617838, (41" ()14$+4+%, )" 16 (— , (81" (" 15HI+$17+(*18, (8! ;"I ]!

"'#683, NUIMINS " 11%8 — — " $5!++1+9, § 11I>54-+6> , il * O M4 (O # (Ol mmssEcmassco s ommmssacrnmnaicin U\ ]
|

AB44L, —, (47$5!"#68$, IDIUVEFNT+(7, (83" 4+ CHECTY Q" 1++11+ B (B! 758+ 24 (, hes— 81" b+ (RN
AB441, —, (47$5!"#68$, IDWIZXI— PIDUCCF_I* ()IUXIAPIAL"884717" 8%, 1" 4+A4+ kil (W] 1>+8Sililsiizu\ b!

A8441, — , (4"$5! 4683, ! biZ! a$+d, t(1 7+(7, (83" &+ (H ECLCQ™ " O YQ ™ — 41, %l *+$! a>+4d>+FCH("%, !
B VAN

o

*ff



ABA4L, —, (435! "68$,! bi]! D+—4" S+ (%! +41 84F * O )+B(F$, 68178, ) 24( ", ! " 7$+%k! &>, ! 9" $#+8%!

LA @ Ll QUL €T BT 2] Qo R e AN

»»»»»»»»

*g



R QL L

$(-")2t7%, $"-

;"=1, WIUID5E+24(, D) +%"6, 1" () 18441, $18%, Y1+ (12, 1+) 1" (! (+$— "LH=$-+=1 " Wil w!

»»»»»»»»»»»»»»»»

S "=l WWIa> "$— " T++6E7 " LE (R4S +076, 1" O 18441, $18%, Y1+ (12, 1+) 1" O (+$— " 1H=$+=1 "Sasif W!

- *=1, MiZlai— "$5!" (b¢=+)517+(7, (63" 8+ (1" ) 148441, $H8%, Y +$1B , Uk, $(1=1+as (G A

»»»»»»»»»»

S*=1, LWL DH+E)ECE, % () ), HTSHAR+ (! 1 AS+E,E( &796,8% ")) T+ £( a>+%4>+FC#('% !

S W

S =1, WA\ S ATIR ™ O "$)17+(7, (63" 8+ (018%, Y (! - DT1a$+e, # (T " SN

»»»»»»»»»»»»»»»

2 "=1, IWENAT — 41, 1)#186+ (%18%, ) 1*+$1 - DTla+, #( T " SHm x|

; "=, Wibla+15°7851" —#) ,1* Qla: Al9+18— , hi+§1) i, §, (416, 11%&#** (., b , Esccriscomisimasniiseranscanicniooiin g !

*%'



*Y L HE% " 3&™

TFAPT! | "14> " FA—++§>1 —8H71, 1" 78 (!

TQTP! ! T, 684" O!—, 4" L1+4%+, 5 ("%, !
T TU6(—, (B=5!"+88¢,$!;$" (t*+$—!
TC;! ! as+, #1247, ) !

Tarul | T7849"4+$148+4, (V!

TaAl | T——+((8—14,$%81*"¢,!

Ta;PA!l ZF —4(+4$+4518%— ,4>+3501" (!

T; TDF%,R! T 5x+$1; $° (ha+%"%,FT77,%he=1, ID>$+— "e(!B#>A,R8, (7#(6!

:DT! ! T+ GG TE)!

AT 2 +08(, 1, $8—1"1=8—#(!

DT ! D" (7, $F™Uh+74"8, ) M=$+=1"0hg!
DDEW! ! D>, —+24(, 116" OQW!

DQP! ! D, 111),$9,)!—"4$i3!

D/al ! D+ (8" TR (h=ti+ (HH1AS+E | §™at+(!
QPKP!! Q81=, 77+HMIP+)#*,)IK"6L,!P,)#8—!
QPAg! ! Qt— , §>51%81*+3¢) , !

Q;;! ! Qib>#+6>$ , #+1!

KDP! ! K3$"7,1181"$!1— "4$t3!

KHC! ! K38$"7,1181" $16 ("1F$, 68178, ) 124 (¥, !
"Tall ! "H=$+=1" 06! " 7849 " o+ (14%+8, (!

B o+ 8%, §1 5 $° (YS!

") "$#971,)!

GTGH ! GI57+%" —#(+6157" (!

GQal ! G8" (+H(, ) 4>+ha>"4, !



64UZX! !
GH:! !
G;al !
GhTA! !
VZAAl |
vDC! !
VHa! !
/DTP! |
/YR
/E! !
[EFMH! !
STC! !
sych !
sycc! !
Syccct!
cQ !
E/M !
EHa! !
PTawC!
PTazC!
PTaC! !
—/EFMHN
PPa!l |
PAC! !
YQ" |

arct !

G157+4%+¢,#((UZX!
G$+BE>I*"T8+$1$, 7, 44+$F=+8 !

G8” (+H(, lA$t4>+%4>"4, !

G, (+—,FBE), 1"+ 74"+ (8) 5!

V(2 "1 (7, ) AT I8A+HBEE (!

V*, = "e+A+H 4TI7, 10287, !

VA8, $7) 614, $+38) "5, !

18, $7,1181"$1")> U+ (1 —+1, 781, !

/(8. %%, $+(6"——"!

18, $1,824(

1(&,$L,824(FNS$, 7, 44+

$* (8H24("%h,!

S8 (IYFE, $—H( " 1128, !

T8 (IYFE, $—E( " 1128, 126 ("%, !

T8 (IYFE, $—H( " 1128, 126 ("%, 128 ("%, !

C, 1)), $— " 1rH=$+=1"058!

E,827, —#"H(>t=t+$5!*" 74+$!

E+Bl), (H85!184+43+8,#(1$, 7,48+8F$, 178, ) 14$+8, #(!
Pii+6, (F* 7898, ) 14$+8, 5124 ("%, 124 ("%, !
P46, (F* 78408, ) 14$+6, E(124 (", 124 ("%, 124 (™%, !
Pii+6, (F* 78498, ) 14$+8, #(124( ", !
P,—=$"(,F=+8QQ (¢, $L,82¢(IN$, 7, 44+8!

P 4$#31P, " 11+4$+&, ("%, !

P46, (1" OIS, Wl " 78498, ) 14$+6, 5 (124 (", !
Y+§—"1) ,§— "1H=$+=1"%g!

AWUF"7849%&, ) 126" %, !



azAl !
abal !
aQG"! !
aQG"H!!
aQCu! !
a' T !
a/zCl !
a/aw !
a/az! !

am 1

HT™ ]
H/aT! !
HAC! !
ADD! |
AQAI I
AVG! |
AVaFw! |
%/EFAH! |
APTQ! !
Avyal |
AgAl |
AATY
AT !

;A

a>+ia>"4,F=8*,$, )" 14(,!

al” ("$17,114+1" $i#5!

al"s,1,8F),$t9,) 165+Be>1*" 76+l
al"g,1,8F),$9,)16$+Be>1*"74+$1$, 7, 48+$!
ZFA>+h4>+E(H5) ,F) , 4, O , (Q14$+, 2124 ("%, FU!
a"$"*+$-"1),>5),!

a>+wa>+H () ,1ZF28(C %, !

a>+i4>" ) SH(HE+LT] \F=thd>+04>"¢,, |

a>+4> ") S (e +1FZ. ] \FeStd>+%4>"4,, !
a"$7L,l/—"6,IM,1+74— 435!

a$+é, #(1e5$+ut(, 14>+%4>"8"%, Uz !

a5$89"¢, 12¢(™%, !
H"4#)15!"77,1,$"&, ) M=$+%" $7+—"!

H*)#+i— —8(+4$, 744t " b+ (I TH%" 5!

Hi=+0%+— " 11%~N24 ("%, !

AR8"™ —+8%!7, 117" $7#(+—"t!

A+)E8—1)+) , 7514814> "4, !

A, 7+QV"$—+(71G, (,$"8+(
A$7I>+—+1+65IW) +— "E(F7+ (& £ (6143+E, (1855 + (, 14>+%4> 8", |
W+18=1, (&, $1, 824 (NS, 7, 44+8!

AB4A4S, wh+$l+*P+6> S0 " 6" #(%Q, 74, (4" 41, 647!
A#(61,F(8T71,+) , 14+15—+$4>H%—!

A+(1+¥A, 9, (L, %!

AS%E, —H71%71, $+0i%!

A (18" (6) 87,81 ()1 7649 " 4+$1++18$ ™ (W7 S48+ (!

SSHF=8*$, )% 14 (, !

*('



5 CAF;!

- KPKQ!

S$HF=8%,$,) 4" 1¢(, 13 B, , (!
Y.Y.YOYF; 88" — 850,850, (, )E" —#(,,!
;8" T8+ (1487, | —#7$+%7+45!

;8" (U+$—#(6!6$+BE&>1* " 78+$1=, 4"

;8" (U+$—#(6!6$+BE&>1* " 78+$1=,4"1$,7, 46+8!
ZZK\N\KEE, 88" — ,8>51=, (2)£(,!

; 8—+88!(, 7S+t " 78+$1"14>"1
;HTEE?8—"=!

- 5+, FAS+H, (124 ("%,

TFL$"o+1, 8

M*%781*$!, Q) +&>, 14" 1168+ Be>1* " 78+8!

*)'



Chapter 1.! Introduction

1.1.! Human skin

1.1.1.! Structure and function of the skin

THETIRES, ISH* LT )8RSLL T 3HE $3REI% RIS/~ T (8T (VEHSHI%T 6% (*) T )# | +&TI0(+ /N )#"
SOV NS(H, /7, YD) B4, ) (5 )T TUS(T)S+, 0L ER) T (U 6+, U9 571 0+ (1)1 (7 1-5%)+ , 1 +0!
) 76" (%)=("1*, &1 6(+) ") | _+&TIO(+/1 /"3t S35 ) (W ZS3(++ (1% , Sh/ I+, &1 (*8F)$+,
THSHI3+// 65" Ul) S " 913+ 6% RIHO) E+L/*S, 1557 " ()41 698" (/S , &I)#" 18" (/S

1T BS8&" (L SHIFSHIE  +E , P 1" 6)H 55— ZISH)H" L/ +1) - 6" (0836*55%7 (O IFS , 6D) S/ %S , 57
%87 1=61 TIF" (%), +37) "Il <)*5+H3+, )*8, WS/ / — , *13"B5HIL/ 5% , +37) "k, &1/ "3, +("3"6)+(h!
F,+E, %% 5 " (F SRS SHIXI=" (%)$, +37) "h*("1("%6+, %5 .50+ ()" 16 (+&=3)$+ , HOIF ™ (¥)$, NEH#$3#!
B(+ 1887 19) (=3) = (*51%-66+()!)+)#" 1" 638" (/ SHINAXIIFHI E "S55 )" 17 3( )3+ , 1+0I566584 EHS3A0+( /1]
E*) " (KCU0)™ )1 (8" (. )E" ™, )4 IHFS, 05— (0%3" 1%, &I)#" Wh—((+- , 88, 11", 18(+, /", )ICX!

076%(*) " &I0(+/N)H L BH" -/ L TOH L <N NS (%, IS (LSS L 34T /)
3476+, HO)E IHFS, L/ *&" =GO *(S+-I3+/ 6+, * | Yilh=SHRHI0S . (+ . 5¥h)%I" U) (¥3*55-5%(L/*) (SU!
WOQ 5 X1 . 5++&1% , &IS7./64*)$3 1 "W 5kl * (17105 ("S- , "13" BShlI4<S(10-+55635 "0 % | &I ™ *)1&—3)H!
WAXE #7100 5 10+( /% Y813+, , "3)S1™1)$h—"1-+01 J#*1UFS, ) G(+ IS8 "I S)HL /7 * 3¢ , $3%51 1) * _$56) 701, &
S+ S, 1)+ (%6+, &)+ "U) " (, %51/ "4 , $3*5100)8./ 5804 ("1 (")) E+I&$H)S, 3)15%7 " (W ES)#S, |
Y18 (/S )T 6%B85* (71% , &1)HT1()$3-5% (1557 " (" 4" 1 6*B855* (71&" (/SHI5+3*) " &135+%"0h)1 )+ )#"
RSN L 53 (1,88, 1% WX, &1 3*B8E (8T WX *, &1 S)H 09 31 !
3 (*3) " (" &L T HES LA™ ([[=* , )) THOIB(+) "+1573% I XED, 13+, ) (FI)I)A"1( " )$3=5* (1&" (/ S0+ (/!
W& 013+, "3)S1 )k "NEHSIHIZ+, )5)-) "H)# . ~SELODAETI&" (/Shi*, &ISHI(S3HS, 13+5x 1", x| &l
"5R)S, 106 (VO T1(7)83=5 (18" (L SHIRGHB+, )5S, YA IHFS , 1<66™ , & " hith— AUl )" IKE " *)115% , &l
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Figure 1.1 ECM in the mammalian skin.

(A) Skin is composed of the epidermis and dermis, separated by the basement membrane (purple).
(B) The basement membrane is a network mostly made up of collagen type IV, laminin and
fibronectin. Together they build a basis for keratinocyte attachment. (C) In the dermis, collagen types
| and Il and fibronectin build a fibrillary structure that allow cell adhesion via glycoproteins (i.e.,
fibronectin). The ECM also contains proteoglycans which are made up by glycosaminoglycans
(GAGS) that interact with growth factors and other molecules.



1.1.1.2.! Fibroblasts
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1.2.! Normal wound healing in skin

1.2.1.! Overview of wound healing
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1.2.2.! Mechanotransduction in wound healing
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1.3.! Abnormal wound healing: fibrosis

1.3.1.! Fibrosis and scarring
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1.3.2.! Signalling pathways associated to fibrosis
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1.3.2.2.! Wnt signalling
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1.3.2.3.! JNK signalling
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Figure 1.2 JNK signalling.

After a cytokine or growth factor bind to their receptor, downstream signalling may activate JNK
signalling, where the MAP3K (JNKKK) initiates a phosphorylation cascade and activates MAP2K
(INKK) which, in turn activates MAPK (JNK). Phospho-JNK then phosphorylates c-Jun, which binds
to phospho-c-Fos to form the AP-1 transcription factor.
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1.3.2.4.! IL-6 signalling
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1.3.3.! Altered ECM architecture in the fibrotic tissue
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1.4. Similarities between the fibrotic tissue and the tumour

stroma

1.4.1.! The ECM and fibroblasts in the tumour
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§/7 -, 13 SHI08. (+ - SFU)HI* &IG(+580" (%)8, 11) =+ (13Ul 1 4108 (+ . 5U)HI ES)HS, ™) -/ +—(!
Z83(+ 18(+, /7 )13+ )81 "571) " (/" &I3* , 3 (KFH+35%) " &I0S . (+ . SU)RHOTMIXI® , &I*(* 1+, *1+0!
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I)%) "L OTMHL *(* L #S 14571 6(+580" (¥)$1 "1 %, &1 &7, * /83 3*55% E453#1 3+, ), )57! ("/+&"5 }#"1 09 5
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@8/755%(571)+108.. (+)831)Sh— "1 )#" )=/ +— (1O0) (+. /1S, 3% &I&™ , US) 7%, &IK)0, "Wkl &—"1)+1 )"
"UBHHS *1&" B+HS)S+, 1+0100 5 1B(+)"S, KIZ+H)! , +)* 5713+55%1" | DI ACH AN TRES)S+ , 5571 O TMH
BT 0= )Y T (1%, I KH(LE , ShT )™ L/ +(GH+5+ 1704100 5 0 #(+- 1410+ (37K *8$*) " &
ZX) QU 7487558, LIOTMI* (" 1)+ - 1#)1)+& "0+ (/#7109 5 %561, $, L)#"105. ("H6" (6" , &83-5*(57!)+!
Y )=+ (18) " 1)HL", " (%) " 1) (FIFH) )RS5+ EIZ* 37 (137 5HHL/$1(*)8+, W CIT_ X" #8HS, 3(" %" &
09 5 1*561, /7 ) #H _"" 1+ % (17&1S, 1/ -5)865"1 3%, 3" (1 * , &I Sl *0h+35%) " &) ES)# 6+-+(1 6%)5" ,)!
B6(+1, +USHN]_BIT_AIT_~!

@)-&$" X 1 "+, NAE*)137 ()5, 138 (*3) " (Sh)$3H-+OIOTMI* | &IOTMKS, &-3"&L/*) (U551, /* , )13* |
1% LS -G AAT A I CXM+(L T UX /65 I TZ*) , L5+ "= )01 & /+, 1) (%) " &)#<) #"
51, "EIR)(+/7%5109 3 1%, &I*3)S1%) " &I0S.. (+.5)107 %)~ ("W h-3HI <05 (*1¥56L, /)%, &I)HS3F , "o
*,&17KQ 3 TIMUB(WHS+, 16("%" , )L/ /*IE" (T1/*8,)*8, "&LS$'7 -6 W] XY " (" I05. (+ 5<% hifh+5%) " &4
0(+/17 = (8, "Th[=*/+-H3"5BI3% (38, + /MO , &1 , +(/ *5IhFS, 1E " ("13-5)- (" &S, I*h3+( . $31*35&!
)+1$,8-3"109 71 & 6+S)S+, 1 *, &1 3(**) "1 *1 CK&S/ ™ U+, %5 /%) (83" ("6 ("%",)*)$1 "1 +01 ,$' 7,/
0% %)= (MU 47 L/%) (53" & 6+U8) "&) . 7IB99105 . (+. SR HIE " (* 181, $053* , )57L/+("1¥561 , " &I* | &I&" , "
YR LRV (S3THILT, T ()" &L T SWHTI&T (/45108 (+ . SRR CXOITORI) 4" 0™ 1% (348) " 3) - (<5134 , 17, !
) (+/*5109 3 ) (+, 15713+(("5%) ") +) =/ +- (16 (+L( WS+, JI- , & (h)*, &8, L)#" 1./ " 3t* , /01 "3, &
Z)UREL, /7, )ISHB(~3850!

1.4.2.! The mechanical and molecular mechanisms driving CAF-induced

ECM alignment

ToH— L) L/ 3% S0/ " HS, &%, $h+) (+6$3109 £ | (" /+&"558, 1% ("1, F, +E, Il $'/,-&*1%)-8$ "l
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1(+E, 18,  ESK) 7671 /33" E" ("1 (83415, 1 6*(*575 * , §h+) (+683! 3+55+1 , 106, ("W $, )" (*3)$, 1! ES)#!
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IVAXH
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1.5.! Keloid scarring

1.5.1.! Overview of keloid scarring

=TSHSEHI*(TIF LTS, 18" (/5108 (+B(H350" ()81 T IH3* (-, S[- ")+ #- /% HO+(/ "8IS, 1 ("H6+, hm L)+
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01 )AL+ (18, %51 570+, LT VIOX) 385 (%3) " (P& . 713+ ,)8, —+—U1 5+3%51 §, 055/ /*)$+, 1%, &1 *U3"Wiis1 °!
LT 1& GGG+, L IVAXH 870" *(3#18, )+ F5+8&1 6%)+1" , "WSH A1 77)1 )+l =, 341" (1 )4 3% ="
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Z+("1 6%, 0-50 1 "0 ES)# 5™ 1X%3-5%)— ("1 W] S CI ] A *, &1 #F1S, 1 Z+(") UL, 1 +01 37 55-5%(!
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7+ IS I 5H881)S— " ), 1, +(/*5IHFS , JIS)ISHIS)BHTIN] X, &I Utt+ES, 3("*H" &1 . 5++&1(5+E!
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Ty - 18, ) /=3I, +E 1% +-)  EHT "B 3% * ("1 0+(/ " &IDH TI*(C1&="1)+1* . +(/ 5]
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*&ITUS* 1 6+6-5%)5+ , Uil ="5-+8&%1 =5+ 4% | ™ I*1 #5147 (18, 388", 31 . ")E ™" ,1)#"1*1 "4l +01 ] BI*, &I CB!
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1.5.2.! Prevention and treatment options for keloid scars
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TYFS, Uk, 1" )10+~ , &IEF))H16(+ . . 68) 7140187 1 "5+68, 11% 1" US WS 1 " 13 (L E#" , )", U+, 18, 1)#"!
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1.5.3.! Epidemiology and genetic factors associated with keloid scars
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(/A T RIHET 1T ()4 U6+, 4857117, THET ("], )18, )$08" &IAB_ITABVIGI\)#" (1%)-8$" !
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1.5.4.! Epigenetics in keloid scarring
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B(+ /58, 11 ("U=5)H)+) (*)105 . (+USHL,$'/ -8 , &1,/ /%1 . TI&" (" *U$, 113+55*1" 11", "1"UB("Whs+, !
* &L THS. (+ . 54)18007 (", )$%)$+ , AT DKAACKH!

0BS1", )83 /7 *5hHl 3+, )($.-)"1 *, &1 §,05-", 3" F 54881 & 1"5+6./7", )il @ 1™ (*5! %)-&$" ! #*1"
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03 (+ . 5*W)H! WAANKAAVH OF 11 "=" #)iL $, 17 H)$1%) &1 ™1 "UB("Wis+, | +01 2NT! ./ ")#75)(*, %" (<41 ]!
W2N 3 " 17, ST/, 14517818, 12NTL/ ™ )H75%)6+ U5, IF5+881% L &1, +(/ 5108 . (+ . 5*0) 1> , &10+— , &
YHF) G EUSS8 0. (+-5*H)H TUB(TUHTE) 2N 5 ! M +66+%78) )+ b §,1 L +(/F5! 05, (+ - 5Fh)hl
HSLHSS1#)S, 11 Y)Y "1 375540 /%71 &S00™ (1 "681" , ")S3*5571 WAAXH! “H 0" | %) -&8™ ! #SL45614)! )"
§/6+()%, 371401681, ")$3HIS, 1&S00™ (7, )SFSIL", "1 TUB( "W+, 1S, F " 5+88108 . (+ - 5+ * , &1%h—11"%) ! *!
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1.5.5.1 Hypothesis behind keloid scar formation

CHTLL IR S/ T HS, RIFTSHSRIOH (L), L (%S, - F L+ E IHE T 1T (156" (0835518, a— (8" ! )#%))!
&t H)I("FH)HTI(T)S3-5* (& (/SR ("1, +))d+— 1) )+, +)I3% 0" IF*5+88143% (5, LWAADXIH-11"%)$, 1!
YY) 3% (& 1 *5+61-6+, 13, a— (7)+)# " 1(*)83=5%(1&" (L *55%7" (1%, &M . %™ [- " , ) I&7H(" 1-5%)"&!
HUR5S, 10="5488H*5H) ", &1)HO+(L1/+ (P10 [, )571+, D) b+ —58" (%1 -66" (1 . *3FII3# )], "3F !

#&'



* &R (5+ HWAACXIS, 8$3%)$, 11 )#E%)15+3%51 )it " 10%3)+(tl +(16+6-5%)6+ , l+01% . | +(/*51 3" 5501 /%71
BEFTIXI(+5715, IF" 54481 " 1 "5+6./" , )i

TI3+/ 7+, 571%336) " &I0*3)+(1)HBE* THHI(+5715 IF"5+S&IGX)H+1" | “USHISH)H" 16 (+5+, 1781, 5/ / )5+, |
§, IF"5+8&1%3* (H)#)13% 16" (UPR)LZ* , 717" (h*0) " (DH" 15, $)$*SIE+- , &IAADXITY$H)+5+ 1$3*557)IF *5+88
Y- "1 &/, ) (%) " &I HSLH 6 ("™, 314018, 055/ /%) +(7) 3" 5B - 3# %) K3 "S5 %, &1 /*3(+6H*1 "]
WACBKACAXGI" 4" h-%)*$ , * &I("5™ *" +0137)+FS, "th* , &IL(+E)AHI*3)+ (P (" T 6+)H "™ &1) +1)8./ ~5%) "
03 (. 5*UY1 )+ G(+E80" (%) "1 %, &1 & 6+U8)! 09 5 1WA Y6 MS. (+. 540)h! *(™1 . 56" 1" &L )+ . "1+, "1 +0 )#"!
B("&+/3,% )3 B, IF "5+8810+(/ *)8+ , IFHIF"5+$81) 80— " E-HIHS1A" (13+, 37, ) (*)$+, OIS (+ . 5%l
YL, +(/*5IHFS, INACCKH TI)-&71 - 7V THAS(+0)!"="#)0 (7 1 "*5" &1)#*)13+ , &9)$+, " &1/ "&$*1 "U)(*3)"&!
0(+/ZIF"5+88105 . (+ . 5*I)HIS , 3(™ 0" &I)#E™ I (+580" (¥)5+ , 1(*) "1, + (/#5008 . (+ . 5 HNACA X1~ 11" %), 1!
§,3(" " &IB (50" (*)6+, 15, IF"5+$8105 . (+ - 5¥3)

T)PL/ ™38 S3%55" 75", U+, P¥) A" IE+— , &JIAS) " ISHIAT6+)4" ™ 1)+ . "1+, " 101" IF " 710%3)+ (l)#*)!
3+,)(5- =) ") HIF 5480+ (/%)8+ , I "5+5&IH3* (HF66 " * (1) +E% 1 " 1&8K)S, 3)1*66™*(*, 3 K& 6" , &3, 1!
DT S(5+3%)5+ , RB(HI)EET L +&TMh-SHIM)E1 . <)) " (BTUB(* DHSFE*, 8187 - . "SEH*6 " i+, )"
58" (1134 " )% , &1-66" (< (L I("%6"3)81 "57WAC_XHI="5-+&AI5H+1/ +)5710+ (L 1+, P (" *llh— 3" 3)1)+!
HSLAN)" s+, 1%, &1/ 34, $3%510+ (3" WWACVXIS "HI)# " 1% ) ($+ (134" )1* , &1-66" (1. +&7IAC XN I*E*!
B-+)—5%) U)X VAT RS | 16, D)4 134 0)I6H1— | & (14+(8S+, )¥51) ™, U6+, 1%, &)™ (0+(IF " 5+S8510+(/ * &
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TI5 Whlh-66-+() " & )A" +(7ISH)AE%) 40 i % 181" - H)H EHSIHIAT 6+ ) USh " W)HF) >, 1% ) HS/ /=, "1("*3)5+, |
Y+ 6 =0 %1 3+/657 UL Z8U)— ("1 +0! 5$658%! B(+&=3"&) .71 " . *3 +—U! 15% &Il /*71 3+ ,) (5. -)"! )+!
§,3("* "8IS, 05/ /%)5+ , 1 WACDXI 05 (+.5%0)1 *3)$1%)5+,11 09 5 | & 6+US)S+, 1%, &1 %- %" [, ) F*5+5&
045+, IV XG0 +(TISR &SN ™, 1 71" 10%3) 1)) F 548851 (< (*5710+ (/14,1 (" % EHS3#1 84!
LAY, )RS, I %3 4TS | RO SR )" 1675 01+ (15" I E ™ 1 ()AL % TG0+ " 18— " 1) +1) "]
7 -5)865718800" (7, 37! )E " T, RS(K. "> (5, LIMFS, 1%, &I15* . (+- IS, 6



1.5.6.! Signalling pathways associated with keloid pathogenesis

="5H88L 0+(/*)5+, | 9 5SE 571 &="1 )+ "L &TI(" 1-5%)8+, | +01 /-5)$6571 USL, *556, 11 6*)HE*TH! * , &)
§,05</ /%) +(7137)+F$, "WIES)#)#"1 . "H)I& " U3(5. "&L. "8, LIDPKVI* , &I CMKIIKS1 , *568, 116 *)HE* 7l

CMKLIL %67 3§%5571 41 T CMK ! $+0+( /700 S %1 F2 71 /7" 88%)+(1 01 )Sh—"1 05 (+Hs! *, &1 % =",
§./7/6563%) " &15, 1/ =5)865" 105 . (+)$31 & *h" I WACHG! TE)H+— 141" CMK 1 L#E1 _ ™ " | 1$//6583%) " &1, | F"5+38!
BRYHHL", USHIL )4 ("1 S 5*F] 400 3+ )", 371,V EAT)HT (19)I SIS, 3(T %" &IS, | F U581 U3* (! *, &
E#" )4 (19)1&+ IS, 10%3) 13+ ) (5 =) ") HF"5+8810+ (/*)$+, 010+ " 106) &S " HIAX 1 " 10+ , &1)#%) F *5-+583H
Y= "1 &IOS . (+ SRR 1 *15, 3(" +h" 815" 1 TS0 CMK 1] 1% , &1 MK T AIAZBKANAXI: , &)%), IF *5+58!
03 (. SI)RI " CMK T I0SL, %556 , 11335 (*) " )" 16.(+&=3)$+, 1+0108. (+, "3)8, 1*, &IZ+55%1" , IANTIAACI!
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HAET 1T (1)# 6("300" 1 US1, *558, 11 6¥)HE*TH *, &1 /" 3#% , Sh/%! .71 EHS3# DAVI $, 3("*% " 09 5 !
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1.5.7.1ECM in keloid scars

Ul ES)# )" (108 (+)$3! &SU+(&" (I J#™! %5% 371 _")E"",109 5 | 6(+8&-3)$+,1 %, &1 &" 1(*&*)$+, ! $h!
" 1T (U57I&TI(" L-5%) " &1, IF T SHS&IN ("%-5)5, 115, 1 "US ST "109 5 1&" 6+US)S+, B 5 ~5)$65" 1) &S " i< 1 ™!
WH+E , | )#%) F 54881 03% (1) 9" LI USL , $083% , )571Z+(T13+55% 1" IDDYA* 1, +(/ *51%FS, IWAVCKAVVX!
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U BHIRUET 5= (+, %, 0)™, %038, 101 "5%U)$ , 1%, &IOS ($556 , St E " &%, +(/ 51" UB (" W+, 13, IF "5+6&
3% (HINAV KA ™ BXH!

="5+S801 " UHS . )1 H9)+5+153%51 800" (%, 3" E#",1 3+ /6% ("8 )+, +(/*5I UFS, 1%, &1, +(/*5 %3* (!
HSLHSSLH)S, 11 JH9)1S, 1 %8885+, 1)+18, 3("*Hh &1 09 5 1 & 6+US)s+, I )1 3+/6+U$)5+ , 1 +01 4" 1/%) (Ul Sl
*5)" ("8 <K+ (KF((TS(H - A $&T )87 &) 5T 1) " &) 5T +01 3*()S5*LTKHh+38%)"&) 09 3 !
B(+) "5, ! h—3# =0 ¥ 1L ("3%, 11 3H+5*LT 1DDI*, &I5-//83% 1 11 6(+) " +/83h WA ™ TXiL ""#8%! E*%! 0-()#" (!
I*588%) " &1 1§*1 #)+5+17) ES)# T536%,1 <5="I1 *1 3*()$5*1"1 $&",)8078, 11 %)*$,1 &%) _$, &Ml )+
1573+0% /8, +1573% x| &I1573+6(+)"S, WY * (" IF"5+8810% /65 IH*&ISL , §083% , )71/ +( " IT538* , 1<5-"1
%S, 8, LOA*, 1, +(/*53% (hP< , &IFS, WA X0 40" (" h-5) WS LHSSLH) )4 " 134765 US) 71+0IF " 5+$8.063* (!
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*("1= F,+E, 1%, Q)4 0+3 K-+ 4#5H16 (+2" 3)il

1.6.! Research aims

TS (+)$30 ) - "I 9 34 (<3) " (ST &L L TIS)HI&" %1%, &I%)S001 00 5 I ES)H * , ) (+683*571 %581 , "8l
3H*LT U )HSHL&S)S, 3)100 5 1 /+(BH+5+171% | &1 (3H#9)"3) - ("I$H X134/ 7+ 10" %)= ("1 +01/ -5)$65"
03 (+)$31 &9+ (&" (HI)# 1258, 1+ a"3)S 1 ™ 1+01)HSHI 6 (+a" 3) 91 )+ &S ™ 3) V™1 /7 34 S/l _ 45, &1 )"
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Y (TR SRS (IS . ™ 1= &IFHI*L/+8."51)-+ 1)~ & 7IASHIO™ *) = (" 10105 . (HUSHIRRIIS+ , ) (<(S71)++)#" (!
03 (+)831 )= "R Y4 71 ("1 % 1 *<US571 *33705HS 5" 1 )$hh— "0l ="5+881 * | &1, +(/*5 HFS, | < /65"l *("!
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of Tl K| ZURHFR(I K, &) 457 3-5x(1 5T TEl Ml FU549&1 )$h— "1 Sl 3H*(*3) " (48! .71 S, 3(" M8
§, 0557 /%)5+ 1% 1S, (5% /%) +(T1 3T)+FS, "Wl E "L HT6+)# U™ )#¥) " %71, 5%/ /%) +(7!
7" 88%)+ (HI6*()$3-5* (57TID2KVI&(S1 *137561% , 8109 5 1*561, /™ , )il

ol T)PL/T3H% $3%5I57 I TSIRHLY "3HF ) (%, U&=3)S+ , ISHI)AE — L#))HIBE*TIF I S)*5I(+5 " IF 548813 * (!
0+( /)54, 1%, &IFHIE"5+8851 " UHS )1 83007 (7, )L/ 38, $3%516.(+6" ()8 ") , 14" *5)#718." (/ $hil
E " LH76+)H U™ <) E 54881 0. (+. 5401 17, " (%) "1 %561, "&1)(*3)6+, 1 0+(3" % )#*)! =, * 5"
*i$1, "&109 3 1(* /+&"55, 16!

g (O C U DH(T ™IS, PR/ HSHG (+273) % (L)L)

ol MS()STI! UBE+H(™1)#1 00" )% )H*)1S , 05% /7 /%) +(71 6 (+KDS . (+)83137)+FS, “0h)l 6% ()83-5*(571D2KV!
#5171+, 13751%, 8109 5 %581, /)i

ol M=Q#" (-, & (h)*, & Y™ /73 Sh/H1 7! EHSIH DKV! /" &$*) W YS! 6%, +)76") 7!
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*5$1, /)i
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Chapter 2.! Materials and Methods

2.1.1 Cell culture methods

2.1.1.!' Tissue Collection

N+(/*51HFS , 1, &1 F 54881 H3* ()= E* ("1 3+5573) "&1 0(+/1 3+, %", )8, 11 6%)8" , Yk %) @) ¢ *+(1 "W
YHHBS)HS! 2+, &t 1% &1 C-TH * | &1 @) /AW YHUE8)RS! -, &7 (1 @)-&7! )9)5TLl g 3 +573-5%(
3 "3, Sh/OH01 - " 18" 6*3(hj!809!18 " 0] e N@e ] B ™ CH" S~ "1i* /65" HIE " (*16(+3 "Ik &1%)1=$, 1!
Q455 112+, &+, 1%, &IB(S/* (713" BHIE " (" 1§+5%) " &1 71", ST/%)$31881 %)+ , 0

2.1.2.! Primary dermal cell isolation

THTLE#ST )Sh- T WTES&T (/S *, & & (/K EXUL )/ /& +01 0%)! %, &1 3-)1 §, )+ 65737l +!
*G6(+US/*) 571 134 "0+("1 . "8, 11 &S, 073) " &1 S, 1 %1 0™ (57! +01 §+&8, "1 *, & “BFIWlelX! *)#*, +5l
E*t il +16 (71", )1 *3) " ($%51% , &10-, 1¥513+, )78, *)5+ , bl £ 1)SUh— " L E I )4 18, 3— . *) " &1$, 1BF]!
Z1e/24(8/+35, 1D, 1S1+C™ , XI$, 1Y, PYI<—00" (" &@*5)1@+5-)$+, Y <@@XI0+(ICBL/S, =) "W*)I (++/]
)T /67 (*)- (TR G EF(*) 14T T 68)# 55— L1 )" )Sh- T EXUHIS, 3 *) " &I ES)#1] Blk e/ 2! 25%6*%" 1DD!
&%5-)"81S, 1 Y<@O! 0+(! ] #+—-(1 %) 001 *, &I 0+55+ES, 11 YAl ™1 & (/1 E*W1 0, *571 /5, 3"&! *, &
§,3-.%)"&IES)#! ;)" , TSIOFS, 1 28%0+35*)5+ , 1=8)1+ 1" (, $14)1%)IC ™ Q0" # " 0+5-)$+ , |E*U!)#" , 1085) " (" &!
Y (+-1#*1]BBIK/Z 13 5I0) (%5, * () +H (" Z+1"1&" . (IO ™51+ )*S, "&IE " ("I"$)#" (-%"&I$/ /" &§*) 57
+(13(7+6("%" (1" &5, 10(" S8, 11/ " &S*IWAB-FM e 1XI07)*5 . +1§, *1%" (- MM<@XI ] BN e 1128/ *)#75!
%-50+US& " W2 ; @\XI!_BFWIelX!3+/65)"12-5. "33+I%! ; +&§0§* &!0*15"! 5 *&$-/W2 ; O 5 XXO!!

2.1.3.' Ongoing cell culture

MS. (+ SHR)RE" ("L/*$,)*$, "&I*¥)IC 91 | &1 TFIONS, HSLH#K15-3+%"12 5 O 5 lics. 3+X1h-665" /" ,) &
ES)# 1B FIeIXIM<@UIY 735+, "XIT-FIllelX4" 83558, K@) ("6)+/ 735, WASL/*XI ] FleIXI67(-1%)"!
WCS . 3+X1%, &IALY S 12KCE=)* /8, "IN@SL/ =X "SI E ™ ("1/%8, )5, "&IS, 1"~ 1 &I A 105*0F%!MSIe ™ (!
@387, 083K -, )951 (" *3#8, 11 *66(+US/*) "57IDBTI 3+, 5= , 370M+(1 3510 " &8, 11+(1%659))S , 11 / * &$*!
EXhI("/+1" &%, GISHFHIE " (*1(5, h" SIES)HIAH+HB#%) "1<—00" (" &IO*3S , " NA<QYSM+55+ES , L4 |
+(IA_LFUERE " (*1$, 3- . %) " & ES)#I ("%6"3)81 57111/ 21+(1CL/21+0 ml " (7645, K02 T1th+5-)+ , |
WESLZ*X10+(!_InITBL/S, =) " H*)IC O H#E" , 13" 551 #4581 &) <34 &10(+/1 )" 1 05%%F1 06— (0%3 1) (7643,
*3)S18)7IEIS, #5.9)" &I ES)HI A" 1*E&S)5+ , 1+01./ " &8*1* | &I3"SHHIE " (*13+5573) "&!$, 1]/ 21+(!_BI/?!

$*



0%53+, 1) 0%, &13% ) ($0-1"&*) T bIUILIAT QU0+ (118, =) " #* 4-6" (, *)* , JE*HI(" /+1 *&I0(+ /!
TI0%53+, 1) = . hx &I I3HI6 5 Y E T ("1 ("%-%6" , & &S, 1/ " &EFH O SN E " (*13+-,) " &I -%S, 11 %]
BT /43T 7) (Y " (AL, X%, 8105 (+ . S)HIE ™ ("1 )4 (™ " & &5, A" 1( "6 3)$1 165%) "hid+(!
*UTUB (87 ) +(18, 1M L+ AL OFHFI 0+(1 37551 UB* , U+, B MG (+ . 5*I)H! E " ("1 3-5)- (" &! - 6! )+!
61+ 1" 1] B!

2.2 Investigating cell alignment

2.2.1.! Cell seeding

T-)+35%1 &I CL/ /188 /™) " (115* W3+ 1 * (US6HI E " (71653 818, 1 " *3#1 E *551-+01 ¥ ANKE "5165%) " HIM+(!
34, 05-", )13+ 1" (UG E4" (7105 (+ - 5*0)HI (18, 13+, )*3) ES)# , "$1# .+~ (5, 113" 55! VBIBBB! F *5+5&!
* &1L/ (+ FRHE" ("1*8&" &S, I"<SHIE "SHHA" 1, "3 W (718, 05/ /%) +(7137)+F$, "hi*, &
§,#5_ O+ E " ("1*&&" &%) (" [-8("&!3+,3" ,)(*)5+, W )+)H" 13" 51%-46" , 4o+, 1 -6+, 1%" "&S, LI Table
2.11* , &ITable 2.2X

Table 2.1 Cytokine dosage and supplier used on keloid and normal fibroblasts.

- /60" ,.01"0"%("4. Of 23445
D2K] 1! 1'k1e/?! 476(+)"3#
D2KV! 1B!,1e/7! 476(+)"3#
"MK 1! 1'k1e/?! 476(+)"3#
NN 1'k1e/?! 476(+)"3#

Table 2.2 Pharmacological inhibitor dosage and supplier used on keloid and normal
fibroblasts.

1436 7 (46" HOBLK" %t ,.01"0"%("¢. O 23445
9]bbkd! @"T""C! CBL/ ;! 3 "&9#" /0UB( "Wl
> =KAABV! 4% KT=""1 k! 3 "&9#" /0UB( " !

N*6* . ~3%Ys, | @"T""C! B{]BIN/ABIK ; ! TR
470835)5,5..! 4% KT=! 1/ ;! <$+ISHS+, !
@)%))$3! @"T""C! B{]BIN/ABIK ; ! TR
"H3%8S- /% | D2KVI("3"6)+( VibBIK ;! 3 "&9#" /0UB( "Wl
ZB]AV! s T4=! AWVCIK 5 ! D, IS1+C" !

$r



2.2.2.! Cell fixing and immunofluorescence staining

M+55+ES, 11 AN #4— (18, 1 3-5)— (" 3+1 " (HE66%! E* (*105U" &1, | AP WE R IX! 6% (<0+(/*5&" #78&" WAMTX!
W't (/+1038" ,)S083X1% , &)+ (" &S, 14<QI*) AN " SHHIE " (*16" (/" * . S56h" &IES)HBIAF I e 1XI" (§)+, !
MK]BBLI@SLZ*X! 0+(1]BI/ZS, =) W) (++/1)" /6" (*)-("1*, &1 (8, %" & ES)H A<@il " #" 1%* /65" W E " (!
_5+3F" & ESy# CRINERIX _+18, " 164" (/1 %5 = /8, LI<@TXUWNMSH#" (X1 8,1 4<@! 0+(1 ]! #+-( *)! (++2]
)" /6" (%)-("H 5 E " ("1%)*$, " & ES)HH A#*55+888, IW]L_BB! &S5-)$+, j T5"U*Ms—+(1~bb!D, 18)(+17, X!
* &1 2T4D WJL]IBBB! &$5-)+,j! ""#" (/+ @33",)$083X! $,1 CHF! UEelX! <@T! 0+(! ]! #+-(! *)! (++/!
) /6" (%)-("16(+)"3)" &I0(+ /I LH)O+1 * (UBH E " ("1 (5, %" &S, 1<l , BI&Y,\I*, &1/ +- ) &+, |
Z33(+UBHBTIHERE HES) L+, )8, 11/ " &8~/ N2T=\)i

2.2.3.! Confocal Imaging

M+(LTUB™ (77", )% 3+,)%5, 8, 11 3+1 " (4536%! SKibY*3F1 $/*1 "% E " ("1 *3[-$("& +,! *! 0" Skl 2@ 5 ! bbB!
O+, 0+3%51 £ $3(HI3+6" 145, LIHABUIAT KTE+3H#(+/*) E*)" (+.2"3)81 "NINTIBE_ YH TE6(+Us/*)"57!
CBIB+S)S+, HIE " (" 1*3[-$(" &I*3(+I)#(" "1("6583%) "0+ (1" 343+, &8)8+, 18, D#"1"UB " 5/ ", )i

2.2.4.! Biological repeats

D, I0#%6) " (HICIAx | &1 J*IRI0" (7, )1, -7 . * (01 $+5+183%51(* 6 *)ix( " 1=%" &S, I*14$, 15"1°UB" (3/°* , )i
YUY (L) SH5HL83%5L (M6 )] (H07 (H )+ <L U Z65T L +01 TS (1 FU5HS8 +(1, +(/F5L 08 (+ . 5
+.)%8, "RI(+Z188007 (%, )I6%)8" , M (17U* /65" 1% _§+5+183%51(* 6" %) HOICIE+-58.%7./ . +5" yt*) )"
Fr5+881 (1, +(/*508. (+ . 5*U) " &5, EF)I"UB™ (87, )IE " ("1+.)*$, "&N(+/D#(" " 18$K)S, 3)16%)$" , )ikl
O*3#1 "UB" (57", ) ES)H# "*3#! _$+5+183%51 (* 6" )l E*H*SE*TH 6 (0+(/ "&1+, 1" 6%(*) "1 +33%U$+ ,
Y O+( DB S5+ 183751 (" 6 F)HIE " ("I " 34, $3%51 (" 6 )i

2.3.! Quantifying actin alignment

2.3.1.!'Image processing

38/ -/18,)"  U9)TIB(+a" 3)5+ , HI+0ISKI)*3FIS/* 1 HIE " ("16.( K6 (+3" %" &S , IMDQDINA ™ AXI)+ S 1#5614)!
*3)8, 1) (~3) - (" DZ*171 3+, ) () EXUL 4%, 3" &IIBEC_ A1 1)~ (%) " &1 BSU™SIXI * , &1 5+3%51 3+, ) (*1)!
*&a-1)/" ) Mg TYOIBE-18, & 0*=5)I6* (*/ ") " (KXE*H6" (0+(~/ * &1



2.3.2.! Alignment by Fourier Transform

M455+ES, 113+, ) (<) *8a-)./ ", I *3)8, 1 %581, /" ) E*H [-*,)8087&1 8,1 5 T 2T< Il 5 *)HE+(FW 16!
SAB] . XI-US, 1%, 46", Kiit— (3" IA2IMFI) M+ (8 (1" (% , %0+ (/MMM " XI6*3F* L IT58L, /7, )L T+ ($" (!
"L W0 (/T XA CX < (8705701 TUB ™ (5777, )*5I8/7%1 7 * (718, 6-)18, )+ )#™ 151+ (/1 * , &) "*3#]
§/7*17ISHES IS8 &IS, 16 (" &0, "&!+1 " (5*668, LIS, &+EMG 51 BIK/XIE#" (1)#" IMM'*I9%13*53-5%) " &
DOI0S . ($55% (10" %)= ("WI* ("1 ("™, )18, A" LES, &+EN)#"1("%=5)8, LIMM™I6("%" , Jhi* 175+, 1%) " 816"
* BISYHI* | 15%134(("5%) ")+ IB (&S, % )08, (TS, ) )8+, 18, )E T+ (LS, M (T HHI&+ /S, 8/ 17
O+ TRIHIES, &HES, TS/ LT ISHRHIST , TRIESH* 1T (RIS, ) ¥+, IB(TF)S, 1%, 1x 157
173)+ (10875861 2+3%5108 ("1*561, /™ , ) IS )™ , 13%53-5%) "8I 8 , 11, 1+(&" (16%(*/ ") " (1181458145, 1!
BH((T5F)SH, O T 3)+(H)+*137 ) (B0 (7, 318, LK. 7K1, "S1# .+ (#++8U

P %& ") e + S, $#./$

U (&N 6 (/)T (1 B(HISETH %581, /7 ) W3+(TL 1%(78, 11 0(+/1 gk]h! )+ g]hl E# (7! g]h!
("B("%" ) 3+/657) "1 %51, /" ) gBh! ("B("H", )H &SH+(&" (! *, &L gkIh ("B("H" )l *, )SKE* (*55"5!
<1, /7 D, L LSRRI/ XL RN L +(&" (6% (% /") " (1), &%)+ (%, 1710+ gBhl )+ g] hl *1 05 (!
B+5%(§)7! S, +)! )E", 18, )+ 3+ US&" (%)6+, 1 B4, 1%, %578, 11 %561, /" ) *, &1 )" ("0+ ("1 +(&" (!
6% (*/ ") (H&H ,+)1)", &)+ "1 "S+EIgBNG "+ [=*, )71 )"+ 1" (5514581, /™, ) 40 )#"18/%1 ") )#"
77 88% 1+ # T 53R+ (& (16% (X7 ") (WE*W)*F" , WFigure 2.1 THTM 1("/Z+1"H (%" * (34" (1. $*H
718,876 ,&" )57/ = (5, 1108, ("KL, 7 ))ET /65 HE " ("1, +)1.55, & &

A B C D

= ™
NV YRS Y S
SN S ™
SAESA NN ™
== ||

Figure 2.1 Schematic illustrating how the AFT quantified the alignment of actin fibres.

(A) Following image processing, a fibre-containing image is sent to AFT. (B) The image is split into
user-defined windows. (C) The algorithm uses FFT to calculate the average orientation of the fibres
in each window. (D) An order parameter is calculated for each neighbourhood across the entire
image, where the orientation of each window is compared to the orientation in the centre of the
neighbourhood and assigned an “order parameter” (a value between “-1” and “1”, which represents
how similar the orientations within that neighbourhood are). Following this, the alignment of the entire
image is obtained by calculating the median order parameter of the entire image.

$$



2.3.3. Parameter search in AFT

D, I*&&S)S+, DHL-*,)8078, 1%3)$, <561, /™  JITM"13% , 516" (0+ (L 16% (%7 ") (53 * (3#" ) +5&." , )%07!
YU 6)S/FSIES, BHED*, &1, "SL# .+ (H++EISS "H)E*) (" 1" *5188007 (*, 3™, 1581, /7)1 T)E" " HE+H!
&S)$, 3)1 U /65" il D/ %171 +01 **341 x /6571 < (T1 % F5THT&IS, I TM™ I ES)# %1 (%, 171 +0 ES, &+E! *, &
USLE - (RIS B (T8 (5, T& . T)H I (T L)L )E" L I6(+ISE IS, 0+(/%)5+, L1$*!
| 47%) /%61 400 )1 800" (", 37H S, 1 H(& T (16%(* /") (1. T)E"" D )#T ) E+ W /65" %l E#* ("1 #51#" (!
88007 (%, 3% (057 3)L L") (1%, $+)(+671 S, 1+, "L H0 T U /G5 AT <51+ ()L *hH B(+ 188
§,04(/%)5+ , H, DE (76" 3)8 1 " 16K 5= " 00" 185007 (*, 3", +(&" (16%(*/ ") " (F3(+hl)#" IES, &+E!
* &1 USLH - (RIS I X570 &)

2.4 Protein assays

2.4.1.! Cell seeding and treatment

M+(13551575%) " 1+ (1-6" (, *)*, )I6(+) "8, 13+ 3)8+ , IF"5+881% | &1, +(/ 45105 (+ . SXU)HE " ("1 " &7 &S, !
VKE *55165%) "0i*) %18, 48)7!. ")E" ", I]_BIBBBINABBIBBBI3"55HeE "5l* , &150)1)+1*&#" (*1+1 " (, $1#)!*)!
C o0l ES)# 1O\ ""+1§, 1h)S1%) "1 )1 "00"3)! J4%)! 37)+FS, "1 *, &1S, #5.)+ (b #*&! +,1 6(+)"$, !
"UB (T IS+, LISHIE )" (, 1 .5+))8, LIS SBUE" (1) (**)"&IES)H)#" 1S, #5.9)+(10+(1dBL/S, =) "HE($+(1)+*!
CBK/S, =) " D2KVII" NMK ID2K] 1+ (" CMKT )/ =5%)6+ , 615, 1 "0)$1%) ™ )4 17007 3)1)#*)137)+F$ , " , &
§, 458+ (HH*&I+,16(+)"S,16(+&=3)5+, L 1§51 * ST/ K58, F 8IS/ /-, +h+ (. ", ) 7 IO PD@TXII 3" 55!
Er("5"0))+*&#" ("1+17 (L, SLANO* /65 HE" ("™, 1)("*)" &I ES#)#" 1S, #5.5)+ (H+(137)+FS, "H0+(
AN+ (DI (HIOT)+ES, "1, &1, #5.9)+(13+, 3", ) (*)$+, Hl-%"&I3% 1 "I0+- , &1, ITable 2.1 , &ITable
2.20D, 13N HEH" (*15, #5. )+ (A<&1, +)1. "™ 16 (" IS+-U571-0" &I I*(S+-%13+, 3", ) (*)5+, WE " ("1-%" &
)HIS&™ )SOTDH I3+, 37, ) (¥)$+, 1) EHS3H) A" 18 (- LI#*&1)#"1"UB " 3) "&1 00" 3)i

2.4.2.! Western blotting

M+(16(+)"S, 13+553)8+ , JIVKE "5 65%) " E* (*165%3" &1+, 183" 1%, &1 (5, %" &I$, 183" 13+5&1 A< @ M+55+ES, 1!
YHSRIL )4 13550 E 7 (19, 3 . *) " &I ES)#I 8*&$+5/ 7/ — , +6(* 3868)*)5+ , | THH*71WBDATX! . ~00" (1] _B!/ 3!
N*95 T WlelX! "*(§)+,! mK]BBI JABV! / 5! @+&$-/1 2" +UT3#+5%) "I CiN | / 51 0+&8-/) 2+&" 375
B-564%)"1HE2@X1 ]B! / 31" ($h! YO?! 6Y! DIBI &Y \X %-665"/",)"&! ES)#! Y*5)! 6#+464#%)*%"1 * , &I
B(+)"S, *% 18, #5.§)+(13+3F) S I L] BBI&S- )5+, I '#" (£ +1035" , )S083X1* , &I%3(*6 " &I ES)#I*1%7(5, 1"
65—, 17 (W™ (= /+X2T0%) "HIE " (*13+55"3) "&1S, 1]5_LZ2L/83(+3" ) ($0-171)- . "hi* , &I"$)#™ (h)+("&!%)!
KDBOQI+(18/ ./ " &8%) "571-%" &I0+(IE " )" (, 1. 5+))s, 10

$%



2.4.2.1.! Sample preparation

A(+)"S, 1% /65 W E " ("13",)($0-1" &) JNBBBI UL LIACO10+(1]BL/S, -) "l )+1% 6% (%) "13"551 &" . (S
M55+ ES, LI#SHI] VIK?21H01" *3#% /657 1E " (*1/5U" RIES)#AIK?1+0]_UIG2@! . —00" (WBGA ! 5 " (K'Y 9516 Y!
VIDIIBG_! 5 128)#+)#( ") +5MI2" " XIBIC! 5 10200 _(N 5 115737 (+5176_L/ 3 I<(+/+6#" , 451 _5-"I&Y \XS, |
CUEL/Z83(+3, ) (S0-1"1) = _ "Uix, &1 485" &I+, IKIHH)I65%) " 10+ (1] BL/S, -) "%i*)IdA° Q!

2.4.2.2.! Western blotting protocol

@/ 65 HE" (" 5+*&" &S, ) +bINTVAFIE ("K3*%)I1(*8$", )IL"5MD, 1) (+1" , XI*HIE "5 _IK?1+0IA_BIF2*]
6(+)"$, 15*8&" (INTA0U<S+HXIC SHE " ("1(-, 5, 1(~, ,$, 11 —00" (WA_L/ 51" (Sh<*%"1]dAL/ 3 1C5738, "I
C_1/ 5102008 \X*)[JABPI+ (LAl - (h)-+5h" 6% (%) "1 %, &0, )" (") SHE ™ ()&, D (*, 40" (("&!
Y+ ) (+3B=5+h" 1" (%, T/ (E /X8, 1FI<S+KB*&IE ")) (%, %0™ (*66* (*) =) (*, 40" (1. 00" (!
WAL/ 5 " (<" I AL/ 515738, "I BRIl 5 ")#* , +51&Y\X*) ] JAIPI0+(IdBL/S, -) "% T0) " (!
)L W Q)T (%, 718, 3- %) RIES) L FUFS/ 1/ SFIS, 1M (Sh<—-00" (" &IG*5S, "W <@XW] dib] L/ 5!
<At BIVI /3 T N*O5I &Y\ BY! SIVKI 0+ ] #+—( %) (++71)" 76" ()= ("8 MH55+ES, 11 )51
77 (%, UHET(T18,3- %) &1+ (L $1#) %) A°QI ESH 6(5/*(7)*,)8. +&7! WTable 2.3X &%5-)"&!$, !
* )5 +871&%5-" ) ICTFIEIX <@TI B WEIX! 0+85-/1 TSS&™ I &YX 5 * /. (%, "W E* ("1)#",!
Exi#*8l §,1 "<@KUE"", 1 I<@KX Wr<@! 6Y! “VI BEJHF! WielX! "E"TKABX! *,&! §,3-.%)"&! §,!
Y+ (" (<P 67 (+USEAH" LY BAXKI+, a-1%) " &1 %" 3+, &* (71 %, ). +&7 0*3F%+ , X1 &85-)"&! ]L_IBBB!S, !
QU (- () (D) /67 ()= (14, FICEBFT (T0) " (18, 3- )8+, I 5+ )RE ™" (IE*H#t" 813, 1" <K'
"U)" L USETSTO T A 3T A )5 +ETMSL, *510-6" (@51, *5I0H" /5-/8, "43",)18- W) (¥) W H" (/ +!
035", )SUS3XI EXHI*&&" &) H)H 1/ "/ (%, "H.Z8UT &IF)FTL] (F)$+ <SR E " (T1&" 1 "5+6 &1+, %1 <5+
8*8&) 3 +5"3-5*(ID/*1" (19#" /$2+3Im8OpI0+ (1] BINANBIG" 3+, &4l

Table 2.3 Primary antibody concentration and suppliers used for western blotting.

209 ;-i<48.)48 . 4-5("4. 05" "=t] , .01"0"%("e. O] :0&=> (5 23445

g5, | 1.]BBB! S +-%"1 | 97581, *556, 11 "3, +5+17!
6T="1HE~VCX! 11]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!
T=""1 1L]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!
63K)- , WEVCX! 11]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!
3-, ! 1L]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!
608=]eAll" ABAei AB™X! 1L]/BBB! 8*._5)l | 9"5@s1,*5$, 11" "3# , +5+17!
08=]eAl 1L]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!

cT42Y! 1L]/BBB! 8*..9)! T.3%/!
60" T"'ClNi B_X! 1L]/BBB! 8*._9)l | 9"5@s1,*5¢, 11" "3# , +5+17!
@ Tl 1L]/BBB! 8*..9)l | 9"5@S1,*5¢, 11" "3, +5+17!

$&



2.4.3.! Antibody stripping

2T/ (%L THET(M140)", %) (366" &I ES)# Z$ENIBIA!  IEellc5738, "IIC 1/ £ 10200 ] FilelX " E" " K

ABII&Y»\JI6 Y AGAXI+ (1 (Y1) (668, 11 . 00" (VAN 5 10201 A FINle 1™ ($Y9?!B;_ ;5 I6Y!Vibl!
BI] 3 1HK 5 " (3%6)+ ") , +518 Y \NIFHE  H3(S. " &) 7IT . 3% /I H (" Z+1 "1+, &I% )5 . +&$ M+ (/858
1) (8668, LI/ (%, "HE"("1$,3-. %) &%) (++/1)" /6" (%)-("1+, 1% (+3F" (| ES)#! /$81%) (5665, 1!
=007 (0+(_INIBI/ZS, ) "HIDNES3 U # 1/ "/ (%, TIERH)#" I EXH 8IS, 14<01* , &1 <@K'"1/ -5)$65"
)87 "IN+ (1% () (3668, LILZ ™/ . (%, "WE " (15, 3— . *) " &IES)#I#* (1) (665, 11 . 00" (I*)!_B°910+(!
AL/, =) HIOHSHE &L THI*(S+-H&Y NN A<QI* , &1 <@ E*Wtt " WIM+B+ES, 1)#"16(+)"$, 1%) (561 )#"
777 (%, IERH_ 53R SIES# TR/ /SRS, 1M <@* , &5, 3- . %) " &IES)HI("46"3)51 "1+, )5 . +&$ I+
&")*$5" 86" 1$+-457

2.4.4.' Phospho-Kinase array

TIY=/%,1 A#HU6HH=S, ") T((*7! WA(+)"+/ " A(+08" (! T((*7I 9%)*5+1-"1 qT8iBBC<!! 8: 2!
A7) " /XL EXH (=, 1 )+ &")"(/S, "1 )#TL (51T 5T TS 01 6HHGH+(75)5+, ! 0+( C 1 FS,*%"
BHHIBH+(T5%)5+ , 119) " , &1 UB(UHKS+, 15" 1 "SH+OIAIB(+) S, W™ *IFigure 2.21* , & Table 2.4X}10*3#!
L) (3 S5 LT L (5, TI3 4, )RS, TR )8 +8S S, 1&-6553%) (!

| |

— N o0 < LO © l\ooowg

$-|



2.4.4.1.! Cell seeding and pharmacological treatments

="54881% | &1, +( /5108 (+ SFUYRIE " (""" & &S, 18- 6553*%) "IHIS , 1T AKE "55165*) "t * , &IVKE "55165%) "Hhi*)!
*I§" ,48)71+01] BBIBBBI3"Se E "551)+15 , | "06)$1%) " 161 , %555, 11&800" (*, 3" %1, ")E ", I)#" ) E+13"51)76 "l
)13+, 05-", 371, IS, 15"K3 "5 ="5+8&1% , &1, +(/*5108_ (+ SUYHE" ("1 9)#" (1) (") "& ES)#I3+, ) (+5H!
W<@T1*,&ID1CKI B! , 1e/2! +01 HD2KVI * | &IVEDI K 3 1 +01 " +3858S- /% .10+ (1 Al #+- (O 6 ($+(1 )+ 6(+) S, !
345 3)4+, 0l

2.4.4.2.! Sample collection

@/ 65 HE " ("13+573) " &I*HI6 " (1/* , ~0%3)- (" (IS, K)(-3)5+, IO "SHIE " ("1($, %" &IES)#I4<@! . "0+("!
888, LISTHSL _ ~00" (1O "5HHIE " (" 0+5— _ $59% ™ &1%) JIUI] BHI3"Bhe/ 21% , &165*) "HIE " ("I (+3F " &I1" , )571*)!
~°910+(ICBL/S, -) "1 O™ SBI57H*) "W E " (*13" , ) (0-1"&1*)IA°010+(1_1/$, —) "Hi*)I JNBBBIUILI* , &1)#"!
=6 (, %)%, ) E*h ) (%, %07 (("&! )+ 7%, 1 Z$3(+3",)(H-1"1 )= "Wl 4(+)"$,13+,3", ) (%)$+, ! +0 )#"!
I+ /65" EXH &7)"(/5, "8&! ~U$, 1! * <83, 3#+,8, 63! T38&! I<OTX! )+)*5 6(+)"S,! *Wi*7! 6(5+(! )+!
6" (0+(/5, LI)#" GHHHBHHFS, %" 1*((*TH

2.4.4.3.! BCA Protein Assay

UHTI<OTIA(+)"S, | THRETI=8)INE* , ) O(=S! <§+)"3#, +5+17X EXWl -%&1 )+ &") " (/3, "1 J#*16(+)"S, !
34,37, ) (F)6+ , W-H0N A" 105% /7 65" HIMB(R)S 71 (%, 17 1401<@T13+, 3%, ) (¥)$+, 1%)* , &* (BHE " ("16(*6*(*&!
_)E"",11A_InlABBBIk1e/?!WTable 2.5X )+ /*F*)#" 1% &*(&!3-(1"1-4$, 1I*IAl /1e/ 2! <QT!
Iy, &* (&%, &JIO+55+ES, LI)HSHI™ *3H06* /65" IEHI&S5-) " &1)+)#(" 188007 (" ,)13+, 3", )(*)$+, Wi Table
2.6XIN U %1 )ITI*, &I8"*1" )I<IE" ("1/8U" &S, 1*I_BLJ!(*)$+1$/./ " &8%) 57! "0+("1=%"HD, 1*!
Z783(+65%) "I AL K21 +01%)* , &* (&) +(1 %< /65" E* ("1 /50" & ES)#!  BBI k2! +01 81", ) T<I$, | "*3#
(%67 3)81 " IE 55" 7 165%) " IEXH)#" 15, 3— . %) " &IF)IC™ QI+ (ICBL/S, =) "Wi* , &I)#" 1% i+ (B)3+, | E*H
7= (P&, PFLZS3(+65%) T I(T <& (%)L VAL, ZHZ0S, L1Y# T 18F)<I*I)* | &% (&13- (1" IE*HI65+)) "&1* , &
T &I)HI&) T (/S AT 13+, 3T ) (F)6+ , HHOI)E T 1/ 65" )
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Fable 2.4 Coordinates and description of protein targets and controls in Phospho-Kinase
membranes (Proteome Profiler Array, Catalogue #ARY003B, R&D Systems)

L. %80( ™) 76" 824, 0" 5 @8.)48.%-5("4.0:28"""
TYITAl 870"(",3"106+)! kil

T1]IT]A TF)!JeAeC! "'CBb!

T]CITIN TF)!JeAeC! @~ Cl

T IT]b! 870"(",3"106+)! kI
<Cji<nl 980<! @jcc
< IVl OcM8! i]BbV!
<Ji<b! "N\@! 11!

<dlI<]B! 08=]eAl ""ABAeiABNI"]b _ei]b’!

<]]<]A! O#FKA! "Vb!

<]Ci<]N 3K(-, ! @vc!
9C)oN ML(! iN]Al
9 Jov! c@=KC"el} @A]e@d!
97]19b! c@=KC1! @d!
9d)!9]B! Y@4A™! @C" e@bA!

9]]19]A! 6 _Cl 0] !

9]CIoN 6 _C! @~V!

9]_)9]V! 6 _Cl ACdA!
2C)12 IN=!]eAeC! "1b_ei]b II"AA]eiAAC!
2 )12V ?3F! iCdN
27)12b! ?7,! iCd’!

2d)2]8! ; 0=]eA! @C~Ve@CVB!

217112]1A! 6 BIAVI=S, %" "'Cbd!

AR 6 BIAVI=S, *%"! "AATe@ AN

21 121V 48T@"B! ANV
OCJIoN 6Cbh*! ""]bBe""]bA!
0_Jlov! 42cM81! i ]

0 JlIob! 4?79$]! i bC!
0dll0]B! 03! in]d!

0]]70]A! 4i=Al i“BA!

0]CIo1N! 80=]eA! GAA]E@AA"!

0] _JO]V! 80=]eAeC! @CbBe@AbVe@dC™ !
MCIIMA @"T"Al iVbd!
M_JIMV! 0T *e.! 1Vd*eivdd!
M™JIMb! HN=]! "'VB!
Md]M]B! % iMAV

M]]IMJA! 0T ]! i “B]!

MCIM]N @"T"C! i B!

M] _IM]V! @"T"C! @ A"!
c]icAl 870"(",3"106+)! kI
cCllcM 1K9*)",3$,! K!

cdl'c]B! 4<@WN*1*)$1 719+ ) (+3X! K!

c]]lc]Al 0TV iVA]!

c]cCic] Y(@4VB! k!

c] Jic]b! 4Q<MN"1*)$1 719+ ) (+3X! K!
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Table 2.5 BSA standard concentrations used in BCA Protein Assay

A5 BCi@+24 BCt(0;42.3%1" ,-01"0"%("%- 0O
T! B! A_k?'<@T1%)+3F! ABBBlkle/?!
<! JAG ! C6_IK?!<@T!"%)+3F! ]/_BBlkle/?!
9! Al A_k?1<@T%)+3F! ]/BBBlkle/?!
2! Al A_K?!IP$*hi<! " _Blkle/?!
o! Al A_K?!P§*519! _BBlkle/?!
M! Al A _K?!P$*5!0! A Blkle/?!
c! Al A _k?!P§*5IM! JA kle/?!
Y! Al B! Blkle/?!
!
Table 2.6 Sample dilutions used for BCA Protein Assay
A5 BCi@+2¢ BCt(0;42.3%1" 1453 . Ot
T! B! A_k?%* /65" @)+3F!
<! JAG_k?! JAG_K?%* /65" JeAl
9! Altb™_k?! Cr]A_k?1%*/65"! Jeb!

2.4.4.4.! Array Protocol

VT AHHUGHHKSS, * T LT (47! =5)! S &S19&" &1$, 1) E+ 6* (! *, &1 <1l "*3# 6%()! 3+,)*$, 8, 11 0+—(!
887 )S3%5L/ "/ L (%, O (AT 10+ (13+ , &9)S+ , IIFHISE) " &IG (" 1S+ U570 " +1/ *USZ$h™ 1™ , ¥S)$18) 71 , &
78,8790 13(HIHK( " *3)S ) TIE* (I TI*, &I<I0+(1 " *3#13+, 88)$+, IE " (18, 3. %) " &IS, )" 1./ " 157%%) "
6("6*(*)5+, 1. -)I8, % 6*(*) "I E "5

O*3H1/" / . (*, "IE*HIB5*3" 8IS, )+ "*3# E "551+01)#" IbKH "5! 5 -5)K&Sk#H 6.(+19&" 818, 14" 1= ((*7!FS)H
T(CF71<=00" (0. =007 (“&IB(+)"S, | . " XIEXHI*&& &)+ "*3H /% / (%, " 1%, &I)#"! 5 —5)K&Sktt! E*Hi
§,3= %) &I+ (1, "= (M, FI(+3FS, LIBF*)0+(L/ ) (++/1) " /6" (*)-(CHHHES )" 1L/ "/ . (%, "HE " (*!
_543F$, Ll* /65 HE " ("1885-) " &5, IT((*71<-00" (I )+D#"16(+)"$, 13+, 3", ) (*)$+, HUIA_Blkle/210+(!
10§, %5 145-/ " IHIALZ 2N, 3 )#" L/ /  (%, "HE " (" 53R &IT((*71<-00" (] E*H (" /+1" &0 (+ /!
WE BRI, &1/ 7 (%, "W TI* QI<IE" (18, 3- . %) &I ES# 1L/ 21+0)# 16 (" 6% (" &I/ 65" 1¥)1 70
F1 (L S+, %I (+3FS, 1165%)0+ (/1!

M4S5+ES, 1S 7/ (%, "W TU*, &1 <L E" ("1 E*#" &) ("1 )8/ "% §, 1 H*Wtt <007 (1. -00" (" &
U (0*3)*% , XI0+ (1] BLZS, =) "hi+, 11 (+3FS, 1165%)0+ (/1 EH$5™ A" IDKH ™51 5 —5)SK&SEH E X1 (5, %" &IES)#!
&Y\I* | QI& (8" &) t+(+- LHSTHO*3HLL " / . (%, "IE*HIBT*3" 818, 1* 15, 8S18&—*5IE "5518, 4" | 5 ~5)SK &S

%+



E#" ("16%()! TI*, &1 6% <IE"("13,3-.%) " &IES)# 27)"3)%+, 1T, )8 +&7 9+3F)*HI TI* , &1 2") "3)8+,
T,)8.+&71 9+3F)*$51 <)l ("%6"3)$1 *570 0+ (1 Al #+- (%)l (++/1)" /67 (%)= ("1 +,1 %1 (+3F$,, 1! 65%)0+ (/]
3T/ (%L THE T (C)#T ZIER R &)H(T TS/ WS, IHRE <007 10+ (1] BL/S, -) "HIB ($+(1)+15, 3- )5, 1!
"< 3HIES)HI&H-) " &) (" 6)* 19588, KYBAN+(ICBI/S, =) "H¥)(++/1)" /6" ()= (" 1+, I*I(+3F$ , 1165%)0+ (/!
3T/ (%, THE T (CIERE IFHB (T 15+-5718 " H3(S. " &%, &IB5*3" &+, IXIB5*)$3# " ")16 (+) " 3)+ (!

TIOH#" /§187*1" )l /SUl E*Wl 6("6*("&! . 71*&&S, 11 " [-*5! 14+5-/ "Wl +01 O#" /81 8" *1" , YW ]! *, &I Al
W% _$560 &1 78 (17,167 (+US&" 1%, &1U6)* . 58" &1 5778, +51 ("6 " 3)$1 *57XII EAS3H E*H )#" , 1%6("*&!
1L STIRI(HI L (6L T TN (%, THE T (31T (TR ES)H )+ 610" ) 401 ) 65%%)$3!
B(+)"3)+(1*, &1*(1 .. S HET (11, TR+ &I+ =Y LS (L THE T (718, 3- %) &I 0+(1]!
78, =) 16(+(D)+HS/*18, 118, 1)#I<$+K8*& 5 +5"3-5%(I0/*1" (19#" /$2+3m8Ep!

2.4.4.5.! Data analysis

8 5%)31 15" 1 "SHI-H06(+) "8, 16H+BH+(75%)5+, [E " ("1 " *th- (" &I*H%-11"%) "8IS, N#"L/* , ~0%3)- (" (4!
B(+)+3+EITINBK . TKABKESU 5! . +UIE Xt~ &1)+18") "3))#" 1* 1" (*1*168U51S, ) ™ , 6) 71401 " *3#1* )5 +&7!
16+)1S, IMDQIEH" ("1)415,)" , US)$"WIE " ("10)+(" &S, 1*1 5 $3(+4-+0)IOUB " SIHE (™ * &kt ™ * JHO*3 15" IE*H|
/%667 &)+ # ("6 3)S1 " I5+3%)5+ 14 NE LT/ L (%, %L &3+ W[, )5TDE (467 3)81 T16(+) S, !
3%6)— (&0 T * 1T (FLT <L (H—, &IUST, *5ER - )(*3) " &L 0(+ /1 "F3H 46+) %, &1 )# ("5%)81 !
3%, 178, IGH+HGH+(75%) " &IFS, " 16(+) S, WEH3+ /6% ("&1. ")E" ", I /65 KO+ / 6*(Sh+, ./ *&" !
E"("U=2M 1%N2MIN2MpD2KV IHN2MI3+ , ) (+51=2M13+ , ) (+5 1K= 2MIp!** +3858S—/* . I=2M! IHIN2M!
PID2KVI=2MIpID2KV! 1% N2MIpIDKVIINZ2M! THN2MIp! ™\ OIS, 13+, 5=, )1* /65" > , &I=2M! IHIN2M!S, !
6% (%71 3+, ) (FI) AH+UGH+(75%) "8 6(+) S, W E" ("1 3+, U8&" ("&! -6K +(! &+E ,K(*1-5%)"&! 0! )#"$(!
"UB(T IS+, IWBSUTSIS, )™ , US) TXIE XIS, 3( " &l+(18"3(" 4" &L . 7V BN (%6 " 3)$1 *5TNES)#! (6" 3)1)+!
Y ITUB (IS, 15, D)7 13+ ) ) (45005 /65 H+00#*) 13+ /6% (Si+ , 1

2.45.ELISA

2.4.5.1.! Cell seeding and supernatant collection

="54881% &), (/5108 (+ SFUYH E T ("1%" & &I*)IFI&" ,4§)7! . ")E"",IC_IBBBIn!__IBBB!3"55eE 5!
876" ,88, 11+, )# )8/ 15" L)# +0 )41 TUB™ (577, )0 " +1S, 170)81%) "1 D2KV! 6 (+&-3)¢+, | 0+55+ES, 1
37)+FS, "1)("¥)/ ") 65%) K E" ("1%" & & ES)#_ IBBBI3"HH*, &I*H+E &)+ *&H#" ("1 +17(, S1#)H
O7)+FS, "t th— 34 *HIDK] 11*, &INMK " (14", 1%8&" &)+ 4" | E"55H1S, 1BG_|/213+/65%)" 1./ " &8
B-6"(,*)*, JHE " (*13+5"3) " &I%0) " (ANH+—(HI* , &)+ ("%1*)KbB9I6 (+(1)+O2DATH

%>



TS, 1TR)SLF) )45 1 BRH0DPKVIOHSE+ES , IMSBNTI) (%, %0" 3)$+, %IC_JBBBI3 BHIE " (*1*&&." &5, " *34!
E "551-+01 X AKE "55165%) " 1)+ 1" )" (L ES)# )4 $(1 ("6 " 3)$1 " USBNT!0+5- )8+ , Sl ™ * 12 5X6IM+55+ES, 11D
- )# E TS BT (T (S, %780 %, &) B! /21 Hl 3+/65%)"1 /788K B *8&7&) )+ X3 E 5
@-6"(,*)*, YHE " (*13+5"3) " &1*0) " (Nol+— (!

2.4.5.2.! ELISA protocol

T (+&-3)8+, | +01DPKVI EXL /T - (T &L =4S, 11 %, 1O?DAT! 5 Tm! @)%, &*(&! @")! Y-/*,1 D2KV! FS)!
We§+2 1", GXIFHIB ™ (L% , —0%3)— (" (HIB (+)+3+518, HS1#1.$, &S , LIAVKE "55165%) "< (§ 057165%) "WIE ™" (!
34%) " &1+ 17 (, $14) ES)#I I BBIK?IH01&8$5-) "&I3%6) - (*1% , )5 . +&7I%)INOH" #1045+ ES , 11&*7I)#" 165%) "l
E" ("IE*#" &)#+(+- L457WBIB_FllelX"E ™", 1ABS, I<@TX*, &1.5+3F " &1, IABBIK?H+0I*ii*718%5-" , )!
0+ (U - () (H+71) 767 (%)= ("1, 1%, 1+ (S SR (G, JO+55+ES, 11)# " IE %0t ™ 1] BBIK 2101 !
885-)" &1/ 65" I WAKD+58) &85-)8+ , XI* , &I)* , &* (&% E " ("1 *&&" &1 )+ )41 E "5 0+ (L Al #+— (1 +, )#"
<F " (8 BBIK?!+018%5-) " &1&") " 3)$+, 1*, )8 +&TIE X *&&" &1 )+ )#" | E "5l 0+ (11 JKtt+- (18, 3— . *)$+, I
0+55+E 781 71 BBIK?!$, 3- . *)5+, 18, I T18&$, KYBAIH+5-)5+ , 10+(1CBI/S, =) "HiIMS, *55701%0) " (1.7 ~5)$65"
E*t#" W BBIK?HOICICH ) K™ ") (*/ ")475. ", S&8, "W 5 <Xl . %) (*) " B+5-)8+ , W8 = 2187%) " /UXIE*H!
88" &)+ TFFHIE "5 | &I5*0))+IS, 3— . *) XY (++/1)" /6" (*)- ("I, )" 1&* (FI0+(']_InICBL/S, -) "
") BT ("<3)5+ , I BBIK?I+OIHT&(+3H5+ (331 %366 E XU *&&." &)+ " *3HIE "S5 #1345+ (15, )", 48) 7!
E*hL/ " - (" &I¥)NABL, /14, I5Ih6 " 3) (+6#+)+/ ") " (165%) "I (" *&" (i

L) &F(&) 3-(17 BRI 3+ H)(=3)"&) L7V B5H))S, 11 JATL K G (k3% RLR ) )T ) &*(&!
34,37, )(F)$+, 14, IKI5+TX(S)H/S3I*USHI* | &1%13- (1" IEXHI08)) " &1)+)# " 18X) 614713+, 37, ) (*)$+, Hl0+(!
YR ZB5 " ("), 18, )" (6+5%) " &I-US, L)# 1% th+-( L%, 3T1&)*1* | &13+(("3)"&I0+(1)# 1885 )3+, !
0%3)+(1)+13%53-5%) )4 5" | "51401% *57)"13, 1 18/}

2.5 Small Interfering RNA

="54881 %, &1, +(/F5105. (+ .5 ET (") (%, %073) " & ES)# 3K0-, 1%, &) 3+, ) (451 SSNTIWE* , )*! 9(-S!
<GH) T3, H5HLS I TR RS ) 007 3)! 01 KO-, 1§, #.)+, 1+, 1F8L, /7 )N ]CLZ /1 &85/ ) (!
31" (USSBHIE " ("1%8&&" &1)+ " *3HIE "55l+0I*IANKE "55165%) "M+ (1 "*3# E "5 ] K21 +0SBNTI* | &1 1Kk ?1+0!
26+0"3)*/5, "1 BNTS 3 Tml W' (/+ 035" ,)$083X! E*! *&&"&! )+ TBB! k?! +01 \6)% 303! ; "&-/!
W™ (/+138" , )S0S3XIS , DA™ 06, 37 100%™ (= /1%, &%, )5 S+ )S3UH" 4™ 5= )5+, IE 11", )57L/8U" &1% , &
5°0)0+(ICBL/S, -) ") I(++/1) " /6" (*)- ("EM+55+ES, 11)#$k1_BIBBBI3"55HS, |_BBIK?13+/65") " I1(+E)#!
Z788-/112 0 3 1B FWIeIXIM<@I T FNICIXI67(~1%)"1% , &IAL/ 5 12KC5-)* /8, "I, +1% )5 $+)$3X!
E"("1%8&" &)+ "*3HE 513+ ,)*$,$, 1)# " ISBNTK?2$6+073)* /8, "I8NTS  Tm!3+/65"U"th0+(1*105, *5!
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145-/ *1+0IVBBIK2H 9 "5 E * (*165%3" &1$, 1% 1§, 3= . %)+(1¥)IC~°01* | &1 FFION\AIG+(1NDbl#+- (%! . *0+("!
03U)s+, 1

MH(LB(+)™S,1 %, &1 h=6"(, *)*,)! 3+55°3)8+, J1 J#"1 145-/ "0 * &1 3+,3  )(¥)+, W §,1 &1 6(+)+3+3!
& H3(S. "8 . +17IE " ("1*&*6) " &I+ (IVKE *55165%) "< ($*057)1_IK?HOMSBNTI* | &1 IK?1401286+0"3)* /3, !
8NTS 3 TMIE" ("1*8&"&!)+_BBK?+0N\G)$ 3 0 3K 5 "&$-/1*, &I5°0))+1§, 3— . %) "1¥)I(++/1)" /6" (*)-("!
0+(!CBL/S, -) "1 ]_BIBBBI3 5B E " (*1)#", 1*&&"&I)HAL |/ 21+H13+/65%) | L(+E)# /" &5+ ES)#+-)!
* )8 84)53%I* , 816537815, 1* 18, 3— . )+ (IC ™ °9N_TFIONXI0+ (DI (KO "HI570*) "HIE " (*13+55"3) "&!
*0) " (DU - 0+ (E ") " (,1.5+))$, TIHHIE " H3(S. &5, 12.4.260"" +15, 1 "h)$1%) "D2KVIS™ 1 *5Hi$, )" 1/ " 8]
§,1%, 1OPDOTI A" 65%) " E*H (5, % &1*, 818, 3. %) "&I0+(1 %, 1 *&&S)S+ , *5 Abl #+- (% ES)# 3+/657) "
L(+EYHLZ ™ 8%, +1% )8 $+)83KI , &I#" H-6"(, *)*, )5, I"*3#13+, &8)%+ , IE*HI3+55" 3) " &IHHI& " 43(S. " &
$,12.4.50

2.6.! Preparation of polyacrylamide cell substrates with
different stiffnesses for cell alignment and Traction Force

Microscopy experiments

2.6.1.! Dish preparation and coverslip functionalisation

TR 1G(+) 34510+ (18I0, )6+, *IF)S+, 1%, BIGH5T*3(T5* /& 11750+ (L *)5+ , |EHI*&*6) " &I0(+ /1]
(" 15+-U5718."03(5 . " &I6(+)+3+5MA AXIMS(R)STIE" L5k +))+/ H0IC_L/ /18" HIVBKK 284D S&$X!
E*hl 0- , 3)+, <5078 )+ ™, = ("1 L5 %)) %34/, )il "1 - (0%3 1 +01 )1 &S %01 ) (" %) &) ES)# CK
T/$,+6(+675)($/ " JH+UTHST* , "1IT 4™ 5 @XI0+(1C1 /8, =) " 0+55+E &) 71&Y NI (5, %5, 10 "4, I)#"!
e (0371 E* 3+17 ("8 ES)# I WleIX! 15-)* (%58 #7&" 1 WGSL/*X! 0+( CB! /8, -)"hl *, &! E*i#" &
Y+ (+—LA