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1.1.1 Hallmarks of cancer
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1.1.2 Melanoma carcinogenesis
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1.1.3 Melanoma metastasis
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1.2.2 Mechanisms of CTC cluster formation
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1.3.1 Limitations of current CTCcluster models
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1.3.2 Effects of surface chemistryand topography on cells
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1.3.3 Effects of surface chemistryand topography on protein adsorption
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1.3.4 Silica- modified surfaces
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2.1.1 Huoroalkylsilica surface fabrication
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2.1.2 Fluoroalkylsilica surface characterisation
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2.2.1 Routine cell culture
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2.2.2 Cell viability assay
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2.2.3Invasion and migration assay
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2.2.4 Cell culture under hypoxic condition
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2.2.5 Treatment of cells with inhibitor, antibody, or cytokine
l-t¢- +¢ l1ta]-t~] +®0 q2}} r-¢.+ts ~ljt_ . _® +-1 _%
S ¢-x111j g¢- E ~t ¢ rl = _ |- ~tl1+2-|lg 1+ _t}®
Table 2.1: Summary of treatment used in this study
Treatment Function Concentration* Supplier Catalogue #
GB1107 Galectin- 3 inhibitor 10tM Cambridge HY-114409
Bioscience Ltd
Chlorhexidine MMP2 Inhibitor 10tM™M Merck Sigma C85275G
dihydrochloride Aldrich
(CHX)
DB2313 PU.1 inhibitor 10tM Cambridge HY-124629
Bioscience Ltd
Anti-galectin-3 Galectin-3 Inhibition 10 E 200 ng/mL R&D Systems | AF1154
Inc.
Anti-4F2hc 4F2hc inhibition 10 E 200 ng/mL Merck Sigma HPA017980
Aldrich
Anti-MMP2 MMP2 inhibition 10 E 200 ng/mL R&D Systems | AF902
Inc.
Recombinant human | EMT induction 10 ng/mL PeproTech 100-21
TGHK
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2.2.6 Cellular aggregation assay
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2.2.7 Immunofluorescence
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2.3.1Cell lysis for mass spectrometry and western blot
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2.3.2 Extracellular matrix isolation for mass spectrometry
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2.3.3Western blot
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2.3.4 Mass spectrometry
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2.3.5 Quantitative reverse transcription polymerase chain reaction (RT-gPCR)
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2.4.1 Clinical patient data analyses
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2.4.2 Protein docking
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2.5.1 Amido black staining
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2.5.2FTIRATR and 2D correlation spectroscopy
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3.2.1 FM3 cellaggregation-disaggregation dynamics on FS surfaces
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3.2.2 Cellular viability is reduced in FM3 aggregates
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3.2.3 Cellcell proteins are upregulated during FM3 multicellular aggregation

O¢ jt®hl - ~¢}l h2} - ~lhs_ t®~® r& tI®_rtr - r~It
-2  +xt+x *t-| 2a-¢+xl ¢~th® , _® h_--tlj ¢2+ C3ti
hl}}® -123-1® +t r *t8érge¢tscEtas]| 2¢6+° TBPUEL @
EiGts -12-1® =+t ¢otctegjor® _hir2-@+#1 -+@ ¢ E 2as| (CESAI
-la- 1 ® +t r hil# @ tcxthti@hiel® E s ¢+° OFD Ct ®
Eits -12-1® *zeiur COHErABIc 003 ®8I -¢@ed¢} =+ P q- ¢
fEsO0 -123a-1® +t r hl}}® Hst @ frtibr ¢+t & Gl -r¢

Y° he¢~2atstt - _hl}}2} e rar--¢lzrl ¢+tl¢ Eq+®6 | r BB ° ahll
as| ¢@eomd- | r fRitst -@RIBOED +s| 2-Chl POl ®) -1 j t¢}
qg¢- ~_ tlt-¢l tjl *xtAlje ,2-t r _rr-Ehr}lrthcecu+x2hs¢
2a_ | r283talge EBE:L )g}°U +sl hl}} ®2-q_hl r}eohea
* NP¢ , _® 2a_.]r2} +|jEIl --BRIr@8lr v gol -EpH t1)¢c® G3 M
t ERL¥}t! UjgE®tIEr -~} EE@@EIHsrt . ICARISLESuU- 1 12
j2-t r _rr-lr_=xte¢ C3trg EgE )c¢o

*C~2 -t ®¢t®Cqr -1 r 1t 0t s rars-Il r¢ +#0ta¢ E 2as| @zxoa
3B Es EBE@sxM -1 -1 _}Ij 2a-ehlj®®@B®hbl Fj} 23¢Rltha @ _®
| B}l h} 2 hesige-®ult _~a}l -t Ihad}tj¢ CUBRRGUrt
jt® rr-C3terostE®E HWEP3-+ @+ Ph-ott-l t1 ® ~EWO) EcH
-1 za_-¢3edgjrEPE FCEjt@ rr-lr_tte

)¢xts _rr-lr_xt¢ _jJ jt®_rr-1lr_=zxt¢ b ® ®F his u
£t ® t ¢} -1j 0 g¢hoHdE®|~I2}}I1+ 2} BiesC> NAEFEC 0
+ BB It®} hs°o~_} .20 | Pt +tjt @200st| t ®®k s -FE~g ¢ G

CO5) MEEéED _}®¢ jtAl -C3ttrtg }EBAE I 2N | @B |

@

1
©
+

j+¥]
—
+

wm»

ot | 4



3.2.4 Cell matrix proteins were upregulated during melanoma multicellular

disaggregation
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3.3.1 Melanoma FM3 cells aggregate under reduced cellular adhesion conditions
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3.3.2 Disaggregation occurs on remodelled extracellular matrix
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3.3.3 Aggregation- disaggregation process results in a more invasive phenotype

>l + ®+ _+th ~1}_ ¢~_ hl}}® _-1 ~¢-1 t - _ @t
Ost® t® glh_2® t - _jt r hl}}® 11j *¢ s_-|
sl g_®I ~1 + ~I~qg-_ | gt+ts £ &-t~ -0 ® |
g¢t+ts _+ ® he¢ j_-° ®t Il ®g 51 -1u zhssl °_ ® Ihd} }®Ir
o orly _xt _®1I®0 ¢ 2] - ~1F >4 - 1xs-ll -1 RlE~ 1t & s
®t r}l *O*Uu +s 2+ 'Exgl|l -4ag-¢l- | ¥l 4 +@+ @t * O*

t - _®t -1 _ ~¢- | ~tr- _*¢-°g

3¢}r¢.t r £st®U tx | _® so°oac¢+s| OFEDISj] exgrx| B
ag| ¢+°alu -l2a-]1® =+ _*t-| ¢gq *O* h}2®zxl|-@®u A
+s +s | ejt® rr-1lr_ HIFESE 2asjl £2e® fHs¢+ 8M
rrlr BEt® rr-lrikEist  BEBDOES 5¢ 1 -1 -0 sl | ta]o.-
jt®2-¢- 1) +*st® s°2a¢xs| ®t®0 t +H EP® ejgt®® -r-rl j| re_
Ll -1 sl ~¢®x t - _®t - EEIC8teg gr (EgIEEH. £1 @@t - r Bkl
O*BH Es e~¢ ¢} °l-E as| ¢+°2| @g Ds®Ort-jthztk®
t+®l}q _2r~1 2® hl}}2} - t - _®t-1 | ®®0 hl}}a
~¢-1 t - _®t-1 as|l ¢+°a|g Ost®2f{e¢2hy}l @®2rjl @k ~
¢2}j) @a-¢~¢xl ~2}xthl}}2} _- jt® rr-lr_+t¢ 0
|l s_ hl® £slt- t - _®t- I | ®® g

LI hl + 2a2g}th_+t¢ ®© | -EL+82t 8Pl BUHICPEE @+ ~1 1

¢qgl 2t +8It}HI_P} ®~1_®l] hBot+nll}FP®+ ,_® ®2rr |l ®x1 j

~I ® h8g°t+4 1} hl}}® +=_| I hs_-®&sl ¢h2B +$1 P01} } RRR
a-¢}ttgl-_=+t-1 -¢}l _® ,1}} _® GB ®PAOt®+tt hl @+b
l2- _} h-1®+ +-_ ®h-tazxtd¢ q_h+x¢- O3!/'1E |, _®
®,tths gl £, 11 a-¢}ltqgl-_z2t-106§®® t| 2Pl t28
®2hhl ®®gq2} ~l+_®+_®t®U t --_®t¢ o _ j ®1jt r
+ ¢g | he~2-gelsj | ¢dts|lI}t _} | ~B ®| | F5hOs}Ied - | ®I
he¢ +-tg2zzxte g2t}j® ¢ ¢ +st® sl ¢-° +s +u
2 jl-re¢t r Bor®-dmr-_kKkt ¢+t ¢ t® t~2¢-+_ £ qec¢-

(0p)

nwyt I 3



~l £+ _®+t _+th ®tz*xlg 32-£sl- -1® _-hs t® -1-2t-1] ¢
rr-1lBtE@®@¢rr-graktpgl £ ®, txths =£¢ t - _®t - | 2asl| ¢+

y¢+EH BM _ BHEO*®s¢ . | jhit}h-+hw@+gzrtej +¢ +slt- Eis hez

C3tr gl Eg?E+ 3¢¢ jtAl -1 hl® ,IBIEs¢cg®R®HN EO*Asyl €¢xPPI| ®psl
Ost® t® }t]|]l}° g$241 x8sttsd dptl M ®hre-xAF IE h2¢ E, ®2-q._
®2hs _® O*1|, It-g¢3Mbj hkp} ®2 -1 _j ,t+st +sl 2}y _ | _®
jlh-1 _®Ia hjt2 &kl h+xtgshgt e &' Os2@t glx- _ #t2¢ ] ®I | ~ s _
t h-1_®j hl}}y2}y - ~tr-_=*t¢ ¢thh2--t r _+ T Es gt¢t=s
| Alh+® ¢q h¢ A2 ho -BE®LFr-Hsr_ xt ¢ro-1.D I+t ¢t g _r|
jt®_rr-1lr_=+t¢ Il -1 +® _Aljh ¢ jhtI@+t —RHt@® #HOHl f-1¢ ~
jlal jlI + IAlhx®e A | , _©° ¢ t®¢} _ I _ j ~1 _®2-1 +s
¢2+ +£sl hl}} ~¢xt}tz+x° _®®_°0 g2+ ¢-1- - _-°t r hil}}
+¢ 2¢® _ @A2IB APh+gh¢ ® ®2hs0 tq *sl-1 |, _® _ ¢+t hl
hl JY® rr bbb _x1L+ }¢, hl}} jlI ®t%AlLhxste Bls} ¥ he2gjt
h_2®I j g° Bnr®_Irr-4tr¢ £t ¢ | -1 =8 At hx+$ht ® gl°w_Hd } R
-2%}11j ¢2zxg¢
I ¢+l ~t ¢t £s| ®I [tt 2.1¢-}t-~l r£® rr-1r_+=1 ® ¢q hl}}®
hs_~gl -® he¢x® t¢ thlr}rle® | ®0 ¢g® gl kb ¢ h_--° ¢2+ +s]| @
ts| _rr-lrg-#ll® gle2l2ta] £+t rg M gRIES)¢c®F20- _ £ ]
®t r } | hl}}®u ,sths _+ £sl| =+t ~| ¢q glrt t r zxsl | 1
s e _rr-lr_ I E as]| ¢xoala I -1 @11 j1j t ¢ s ) ¢
t +s| ® ltal -t~ +*® , -1 o ]2 ¢4lj Hts|} @®_Allh R =+ Bt &
¢q @t xxt r 2@ _ j j¢, ,¢2} ) s_ -1 ¢ hl}}y=2}_- t
hl}}2} - ~¢+t}tt tutchpl¢l}rthrrtl ® he¢2}j A I-1 gl h
,¢e2®ftl}l})] ¢ I ~2} ¢ )yc¢oj | hs_~gl-® £¢ h_--° ¢2+ s
_}} -t t }ttgH-I®t ¢ _®®_°® £s_*+ |1 ®t sl _gt}ltzx° ¢q
g_®I ~1 = ~1~g-_ | -l =2t - ) eco gl hs_ ~gl - ¢tq @
aa_¢a.t +| jt ~tr®t¢x¢-° _@®®_°® - #3t@}) b *tsx x+t 2}
Os2®u ¢ rl x _ rl I -_} ¢-1--t] ®gg+tss®Itas| ®C+tP 2] ®f
ts)l¢eoj | s ®Igjl -, BR@|~-2@ ¢°lgj sl - |
A Il h¢ h}2zettce +ts_+ h_ gl - _, g-¢~ sl ® | ta]-t
_qg¢-1~1 xtc¢ 1] Jtester+t § tRADCrtr® | £s ++ ¢ a-¢hl ®® -1 ®
ag| ¢x°|@t#xs t#Ah_ x}° ~¢- | t - _®t - | trs | xs¢®l hil)
rr-1y=E®¢rr-1r_xt¢ g Ost® |12} t ® ,s° *O* h}2®zl
a.¢2a] ®t+x° _ j t - _®t- -l | ®® 2h @t —~2 H 4+ 2t+-@ 2@¢& rh) | *-O

nwt 3 S



s¢., ~2hBtPPOhNEEIS® + _}®¢ t AZfifhthz®@t g2 +| ®tt

rr-1l|BtE®@C¢rr -1 r_=xt¢ j°eu_~th®ast¢t-- -hkel ht I £®]
t - _®t¢ _Gj)*Ftrtx+xt® h}l _- +s_+ B®_PFLhi ®
a-¢h®®e®Il ®l 2 _-_+lu0u _}gltx ®t~t} ¢-~l £ -@Hh | @D
t - _®t¢ h _ gl t~_rt ®2hgl } }@ } ¢hh2}-I--tl }rua _ s 4
_rr-1 | tE®¢rr-1lr_=+t¢ 2 - ¢81-®®IE® h I¢th}h2B}_ -h 14 ¢ - 4
_rr-1 |mE®c¢rr-1r_Ht® q 2]l ¢ ARYA®tC® htd¢} }®t gI®- | |
a s | ¢~ ¢ +rs _+ t® ®I & - +]| gz+ ®t~t}_ - =x¢
¢+s | - h_ hl - 2] ® t _jjt=zxte +¢ ~1}_ ¢~ _u
t -1 ®ttr _+1j ¢ r | % ~¢-1 _hh2z-_+¢}Pohzt2-|

3.3.4 Cellular viability is reduced in melanoma FM3 multicellular aggregates
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3.3.5ADPM of FM3 cellanvolve cell-cell, cell- matrix, and cytoskeletal regulatory

pathways
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3.3.6 FM3 cells remodel ECM by secreting vitronectin and fibronectin during

disaggregation

*Ie-} -t ! t £l - _hzxt¢ ® _ | L F > -l ~¢j I }yrt o
jt®_rr-1lr_=xt¢ +s _ _rr-1lr_xtc¢ u _® B®trd}t
T2 ] -t~ + C3tr EgE , € BIRst .h*¢> A~ jt2 -+& =+
jt®_rr-1lrjp+t®%-1 _jt rg O¢ ¢2z+}t | s ¢, s LFS
hl}}®u ~_®® ®?* 1 ht-¢~1EH-?1, .®>hji2ePRf xftc¢ce¢ =+
Ut +-¢ | htt }JlL-1}® jlh-EEL ® jBEiI®ELt r j _tr hl-d 4
jt® rr-1 MEBs ¢RI GEMC3troeg EgE , ®gf sUt@&--¢ |rh}x°th ¢
¢qzl _t Pt H-ttt hils}}®t @®2 g@_HIt s ¥RPh IGGEL O

Jtr_ j®1 ®2hs _® t | BJ- tgEE IC 20} @Ft° dtr I+ 1B -h+1
E GEE6_ | 2-¢|t _® 2} ®~t ¢tOs!| ®h+A -j t£¢r-® -t

~1}y_ ¢~_ *O* h}2®*xl-® h¢2}j jt® _rr-1lr_=%x1 g°
. *> ~¢-1 -1lhl2a+xtg}l qg¢- hl}}2}_- _jsl®te g°
g¢- +st® h¢~1® qg-¢~ _jhlthth_PI P+®j 22 +s -+t +
~1l + ®+_*thf'2]} ¢~ _po

(0p)

nmut 3



3tg-¢ | hxt Jl-1}® _}®¢ jEEhs| -@Ijelittra EgErréepr ! &t

Ag-¢ | hzt ~ +-thl® _ -1 tlSaset-@&  +® gl¢-B-lhts13j2} ® hlj}s)
he¢ £ hx® jlI h-1_®Ij jz-t _rr-lr_£t¢ g 6 ~l +_®x _:
q¢2 | +¢ QHEDSI @1 -BPOFP+® -1 0 s¢_ | -1 -0 t jt® r-1|
+s _+ jl~¢ ®+- _+1j *s_+ Ag-¢ | htt }1-1}® t h-1 _®I ]

] Y2 r HY mnlh|jrl})®&g Ag-¢ | h+t 1®¢ jlh-1_®I]

strs}trsbl jxr-t®¢c¢_} -¢}I ¢g Ag-¢ | h=zxt t l s_ ht

|12}  +t ¢ g¢- +st® jt®2 -t+° he¢2}j gl +*s_ + Ag-¢ |
l , 1 8hD-} -t h¢ *+_ _h*¢ he¢~2 - j ¢ !, 1> ¢q g-1_®+x _ |j
_ ¢t|t®tg >l + ®+t +th h_ hl- hi}}® ¢+ ¢ }°o -1~¢jl}
Ag-¢ | hztE° jj+.¢+}@u | dPE§®+ ks|e-5® | _}®¢ gl | ®s ¢ |
+sl jt®+_} .*> glg¢-1 =xsl°o --t®K_AC}jzaa_arl}t +x@ tr

®+-¢~_} Agfd¥g} ®+ hl} )} ®g

! ¢+ g}l }t~tx +t¢ _hh¢~2 ot 1t ~ ®® ®2| ht-¢~]| *-
+ts _+ s/ t®¢c} =t ¢ ¢q . *> . ® h-2jl1lg >1'}_ ¢~_
~ *#-t®¢t~_} ®h_A¢}jt r 2-¢xlt ® gl®tj| & Ag-¢ | h=+t
hs¢ |- ¢t +tE05 ¢®21}-2ls- 0+ l+@®&d ®1 | - | ¢+ j 1+l h+lj t +s

6+ h¢2}j gl +s_+ 3>E hl}l® j¢ ¢+ | 12.]@® +s| ® a.
h¢2}j gl +s_+ +#s|® ~ +-t®¢t~_} 2a-¢+lt ® _1-1 +¢¢ ®h
~1_ ®2-1g ! t~2a-¢-1~1 + sl-1 he¢z}j gl ¢ t h}rzjl _
-1 ~¢-1 r}°he¢®e} _+1j ®tjl hs_ t ® +s_+ he¢z2}j ¢+sl -
_qC-1 ~1 £t ¢EPlje x4 ¢xI}tt ~@wt &t®&®+2j % +s & s _+ ¢ }° ¢ |
hl } HC3XE hl}}®c , ®c¢czx®l}Feg &+ 1 hIpIPjBI jItxd }1 | qg2-+s
®22a¢-+ +¢ +s| oDECRAY3Z®t ¢2® jxr¢_} _h| ¢q q2 | _ j +t
l1a] -t~ + Qq¢-®¢@EBtYIFt Pttt ~1 g 328F)- |- 22| +]tj~] +®
2®t r _ ~jlt4Al €¢I~ _+hl}} }t 1 +£¢ }I j Qq2-+sl- ®233¢-+g

3.3.7 Conclusions

Osl -1® _-hs 2®j 3M ®2-g th@ @r+¢r [+f¢¢-1l - rt® mgo
~1'}_ ¢~_ hl}}® _ j strsitAbhtj kslt®j @ei14¢ @} ® @ h
¢q ~1}_ ¢~_ *O* h}2@l-® *s_+ j¢l® ¢+ -1-2t-1 2
t ®t-2~] 2®pg 3>E hl}}® _rr-lr_=%1 2 jl- L*! he¢ jtzt
't jt®t_} ~l2 ®+_+th ®tzl ®)1 ~1§° L--¢cFOF¥lhle®ts} ® h
g° ®l h-1+t r .*> ®h_A¢}j 2-¢+1lthz@ ®2hd }}® Ag-¢ Ist
2 jl-r¢ I U,01> _1-1 =~¢-1 t - mtz)so+ts Of he@| 2R = -3
~¢-1 ~l% _®+ _+th s -t @u}®RPIfOhs]*Et}}2=F)}+thl}}2} -

naqt 3 S



,Sths strs}trs+z® =£s| t _jl ~2_ho ¢q sl - _2a]?

~1'}_ ¢~_@ >_®® ®* | ht-¢~1 £-° -1 -1 _}1I] Hsl_}+} 3
®tr _}}t r _ jb-_jtl-ht-1l _®ttr rh¢}hptE ror rRl ¥} ®I g°
t2aa¢c®t+tl g >¢-2sc¢}te¢rth_} hs_ rl ® _®®¢ht x| s
_j B=*0l 2-¢hl ®®l ®g 32+2-]1 -1® _-hs h¢2}j 2
¢+tsl - t~2¢-+_ + _®*]1 h+t® ® _WB®tPW_}¢t4+1 *O0O®tI®K2C
. >0g

(0p)

nwput I 3



EoMzaa}| ~|

I+
1

°© 3trz-| ®

A

C-H
C-F
C-F
Si-0
C-0
(v )
(@)

200 30
: al :
Q) 150 ¢ =
-4 —~ kkkk % 20- *k
3 D o
S < 100+ &
2 3} =
: g |l .
@f x 10
QO
< 50 n
=
o
0 T 0-
TCP FS TCP FS

T T T T L T T T T
1700 1600 1500 1400 1300 1200 1100 1000 900 800 700

Wavelength (cm™)

D TCP
187.1 nm

-99.5 nm
1 um
M2 2aal | ~|tr+ -Bg 3- _h+I3N®[**I®¢ - q¢BOBLCW®E|I h+-_ ¢qg O} U]
he¢ B hr} |l ~1 _®2 -1 ~l0FBECEE>@*+¢2r 5 B®E® BEOL Q412 -1 @I ZFMEt -

CR e | @+C# }d j U s| xAVGC¢ BA ¢} ¢CI{MIG Steletzth ~0* | § @=2@®2 |0 h A)
V*IG . 1B héls hz



*¢ x| +®

CHAPTER 4NVOLVEMENT OF 4F2HC AND GALEC3IIN MELANOMA

MULTICELLULAR AGGREGATLION. . ..o 49
4. L INTRODUGCTION . 1ttt te et et e e e et e e e e et e e e e e e e et e e e e mm e e e eeenenes 50
2 RE SULT S ettt ittt ettt ettt e et e e e e e et et et et n e e e e e e mm et e e e e ene e ananns 51

nonom FEBONFaaA2Y Ay CaoRANai DDER. I a2 yWI
NnO®HPH NCHKO SELINBaAaA2Y RARAYITITHBIpralz o C
nded SWalyy R n CH KO @eStt & O IFf A0SSia 2I1Fl0 CaSDf Y d

ndu®dn nCHKOY2DIfoYnNnCHKO O0NARRISA..JAp ;i CH K
ndoHdp nNnCHK® LWBRAPOIUSAayi2z O2y i NROdziSy (2
A, 3 DISCUSSION. .ttt ttueetteeeteetieeeieeeanee et e et eean s eenseetneean e eaneeeneeenneennnsl 60
ndoodm I A50sYyU2t SR AYy CabdA arldAa HNILT. € aoZ v N
ndodH NCHKO LXI&& I YI22NmRLISIANBTaD2 W
ndodo MIEBRayCHKO O2 teSAlff MIySIES.NEE.CSaoe OS
ndo®n nCHKOY2DLI.oYnCHKQ. . .ONARISA.....CO

ndodp nNnCHKOYnNnCHKO..K2Y.2LKALAQ..0.AY.RAyH
ndodc NnCHKOY2DIfoYNnCHKO ONAR3ISA @& nCHK
Cao | AN L .S 8 e cc
noodr Df & 02 WNEDF SAORLINRIISGs/y 6 DDDU ....NRyR 3 S:
Noody [/ 2Y.00.dZ8A2.Y A e TN
4.4 SUPPLEMENTARIAGURES. .....ctiitiitiii it ae et e e eaaeaeeaes 71



Ve

| g6E - ¢j 2h+t ¢

Ost® hs_2+|- q¢h2@BI®-¢® hsslt - ClIBEsthgt B ® t} | hj+tt -t
~2}+thl}}2} - _rr-1lr_+t¢ ¢q 3>E ~1}_ ¢~_ hl}})®g

6 hs 2+ - Eu -2 tt+x _+t - 1BR2-¢gzhlc~t h®h¢d-¢+htj EIES
t h-1_®j j2-t r 3>E hl}}2lhlBR3-rqr-hllr rdtch¢aCited a By
gl | _+x+-tg2xlj ¢ sl qq¢-~_+t®O qg *OF-A}PI @] - ® t
+-thalld _+t -1 glll P+>R*Eht- he¢}¢e &%, ig-I1~¢®@H hre )} Ih® - h
g¢-~ s¢~¢ast}th t +l-_h+t¢ ® ,t+s *, 11 ~¢}lh2}1®
qeé¢-~_+t ¢ ¢tq gl!'6 _®g¢ths i1+ ®O*®gjEh<sEI hh}l ®Isu-F _}
gl | ®s ¢, +¢ 1t | ltrsg¢2-t r >P*E r}°h¢2a-¢+lt ®
CgEn. jsH A e jIEnkE}hIYjsl ®t ¢ 9% | 3>r —~Ilr_+t¢¢- g hl }} ®U
¢+ h}l -0 tq _+* _}}0u .sl+sl- 13Esh ~¢}lh2}l® t |2
t® -t _ s¢~¢ast}yth t *|-_hxt¢ @ BBAtH -+14¢ &t ,~tl} _~¢}
+¢ +s_+ ¢q SEP*E@) Ae2Ip@dt | 13Esh ~¢} 1l h2} 1 ®1 ®t h
A ¢RI @® qC?2 }2Re®*) -+t ¢ ®t +1 ® +*s _+ WH'}j] gl -1h
4 }IEE+t j 13Esh t £ -_hzteo s ® gl " ®s¢, t 51 = _
Os-11 2a-t hta ®| ahsr -dlkdt¢@Lerls® - r _ } | htte +02a] @y
g2 h+tt¢ ® g¢+s t +- hiCtftzx} ¢} tP¢c~1jt®L@-_HhIB}2s_hko
Ctttjc £+st® ¢}tr¢~1-tght-he-lge+k- xAICLtgfluest® t ®t ~2} *
+¢ ~2}+t FIPEO®FECHMCr®h_} he¢ hir % 1EE8®)C] - ¢Hl jhtt h23  +o%
jtAl £?P2kE® ¢4 h) ght €8@+j ~1} '8¢~ ~¢®+ ¢q sl ® h_® ®
r_JIEBMIt- 1} ® t h-1 _®1j | | gz -+sl - t a +t]| +® ,t+s
L txsBb-l&_®+ *th h_ hl-g 6~~2 ¢st@®+ztPHB+IEt1I®+}-1°] ®+ t t
+s _+ he¢~2 -1 +£¢ 2 +tl|l +® _t+s 2-fh} |EEkltC2}@® | 2@
~ -] 1j}° t h-1_® ] Ef&¢ al--tl— 0 ° 2-2]-} @@®Ut~_0a } | -1 1 ® ¢+
®l he¢ j _-° ~1+_ @+ zotshD®4Il }JA jot~ r €& |CRIEEHE®H £§ £

|1° -¢}l j2-t r | _-}° ®+ r|l® ¢Cqbhr? Rzl ¢~~12-@t- PR
ts-¢2rs glecjt®t-H}P} Il Fte€2hsgkE®® ¢ hl ~l £+_®+_®t ® s_
Osl-lqgq¢-10 *st® hs_2+| - t~® *¢ ®*2j° EslIt ac¢+xl =+t )
-lr2} +t r B tr®_-rirr- I#t &t ¢ ¢g 3>E ~I'}_ ¢~_ hl}}®e

s¢~¢2st}th gt jt r ¢q 13Eshiu ¢- FEUs-##¥ss d3FEsh t =]
*O* he¢2}j 2 jl-r¢ ~2}xthl}}2} - trr ®F4ahie Lt}

jeh|t r 118]-t~] +®g

(0p)

pput I 3



| glEl ®2} +®

4.2.1 Galectin- 3 expression in FM3 multicellularaggregation - disaggregation
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4.2.2 4F2hc expression during FM3 multicellular aggregation disaggregation
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4.2.3 Galectin-3 and 4F2hc colocalises at cel cell facet of FM3 multicellular

aggregate

O¢ t | ®+trr_#HIEEzslj+siI3-Esh _hgdiclEh Bitledl - g Hh3E t
~2}xthl }}2} - B®Hr rt-1 rt_~4200¢ A22¢ -}l ®hl B+ t @& h_
4 }IEE+t] 13Esh -1 -RP-Xkjth®}Llhight RIh| ghisg1}- q_h
CMzaal| ~| ] HE-® Birg+xlj g° =zs|_ ®sltjzd~t - - ¢+ )}®C g
+¢tshiBhhp}+laglhllr_@IEE+t® 12 ¢~t _ +}° }¢h_}te@
al -tas]-©° ¢q CARI2alrr~-] rt_@4°®E3 ttr g tihg BecheMitc 2 § | +
®l--1 _ 9gtrrl- -¢}1I t +sl 2] -ta&as]-° x5 s

4.2.44F2hc:0Gal3:4F2hc bridges vs 4F2hc:4f2hc homophilic binding

r@1a.]e®t¢ ¢hti@Elshtth Ge4 IheE® t )} ® Ahtl + ¢

r Y1 Egt j® ¢ 1 3Eshu _ j s _+ *#st® t |- _hzxt
t® | =2 _}}° }t]l1}° +s_+ 13Esh h¢2}j gq¢-~ s¢~¢
hl@t ~~2 ¢2-1htatB e+t ¢ gt_jjt ¥2} )@@ _°®IB| -1 ®+tk| @
] ¢ttt 4t®t k®BTjUS . ® h_--tlj ¢z ¢ ot

1 3EH B3 EEsh g-tjrl®1 ¢- s¢c~hMIESJHhO +£s++-_ Nz}
3>E ~2}+thl}}2} - _rr-lr_+t¢ g

Osl-2ts¢-s¢~gth h@e®+ |}3E®h- 2ithuai¢e tr ) CHIES T

h -g¢soj - +] 1l horr JtigEEER, ¢ | G~ -t gl B ee) - |
*.o@+ }}e¢r- _aso Cl,) 6,0 E,58 _ j 1,) 6,0 E!I
hs¢®l qt- +st® ®+2]° _® ¢t2 24¢@®] jh ¢ g }BE¢ -~k
~t}tl2g 0O¢ *| ®+ +sl| g-tjrl - ® =#rs|} |EExL¢2 st (& |
j¢ch|1j B¢ o ¥ERH 3€6ht +®1 } qu -t EECBYiw@) ¢4 ht+se
t h}zjt r _ ©° ~¢}lhzyl@ecyl . =+djl }¢® @t}I®l h s
1 -1 ® }lh+lj qe¢-zgcatal ¢ r- PSO®hY IOt 44 2atht

C3t méN) ¢ o

wm»

p pt I 3



4F2hc-ED AFengED 4F2hc-ED

Galectin-3-CRD
Model 1

4F2hc-ED
Model 2

CD98
Model 2
% 9‘% J
4F2hc W 0Gal-3 tGal-3
1 . cDgs
E Galectin-3-CRD F Galectin-3-CRD H Heterodimer
GlcNAc
GlcNAc
e View S-Face View
Key
Q Asparagine (Asn) - Gly;os::lic
on
- N-Acetylglucosamine (GIcNAc) .Mannose
(_) Galactose (Gal) (Man)
0 N-Acetylneuraminic acid (Neu5Ac) vFucose

I Complex Hybrid High Mannose

il MPS
0—3—:—:.'

€
3trg 1 @E 3>E ~2}+th| P}# B BEshd -d-rt_j+tHIGES-h@l BIEZMEs2hs tgCHC
52 ~ I3Esh | h#tj¢~_t® LCEBESh £ M2-~g¢sorj -} I+h+Pt L, & €-
t +@)}eq ®tt} t "¢} 2 ®1 -¢ he¢~2a2x =+t ¢ 2@t 1IClh)° ®+ 0} EQEEEAN + 2C
6,0 E!/E<¢cpg OC2 + ¢ je¢h|t r ~¢cjOlE®rs}tr®sit] tqg¢-_+t1 hs_
-l ®tj21 ® R2EARPHLOLPMEsIE~ BEPYL 49t jt Br, z@A-I@£Es2h_ |} ¢
E gt jt r ¢ =, @ he¢ed -nhlit ®2m JBEIHE ggo-j~+ |h C@hsd ~j| @q,
st~¢ast}th @l }jt tr xtl - _thiz}t}e a.]ljth£lj g° *}2® -¢ 2a-¢=

®hsl ~1 ¢q s¢~¢2st}th t x|l -_hz#nic}} ¢lg¢ *% NiD+: GERG 4 AtBE| P2 B!
$2 ~_ rEEFLh+t _® ®¢}-1j ClI,) 6,0 E!E<cE}°hYc¢, gtrjtee@22
¢ | apazljtt r M. q_ Bl B0 ¢g#AMhskEs| gMgsr- _®_hhs_-tjlu he
) 2, ¢ _jjtxtce _} ®2r° @®uAtA#I+@® By LU CEXF BE®H  }JqC®=- 2Mh 2 -
slsl -¢jt~I- , _® ®¢}-1j) Cl,) 6,04 16LMcOom#3PhePP s+l w¢
-1 ®t jC6@®el | h} _®®-®q _thd hi}lPlhe®o} _+t ¢ t ~_ ~~_}t_ h
-l her tzxt¢ je~_t 0o .,0 | BECjOC}~t_rt¢ ~0IEEA_h4Gr BN st P e @R i ¢ @
~_ COIENG x4- 3 h_FHY 24 2HIMx®° P |1 2-_~t th _htj g

paqt [ IS



1 3Bsh 2¢®®I ®®I ® gq¢2- _®2 - ritglEt -k®hp2| ® C®2

+ @B} °he¢®°} _+t¢ g®41-9@®@% 1) @=5-2h 2|l L t@®% -t -RRAU
,txts | _hs & _t- ¢ taa¢®t r ®t )l ® ¢q =sl | h £«
}e¢h_ =1 ¢ ¢ I ®tjla _ j sl ¢x£sl- +g¢hCREDE
+s| B3Exsh 24i°h¢®°} _+t¢ 0 4}h?!h_®1 ®tjrt @ _-Il

LI hl + ®£2j9o0 2®t r *-°¢rBl>¢h+tlBd$ het-2] ®>®h} ¢
q2}} *,ND sl £1-¢jt~H-3EQIhQ) =26,t0® MgilsMcsP -3 IBBE W

4}h?!'h jt® _hhs_-tjl ® ¢ +sl Bqgt? - _®2 - rt |
Mt rhl} |lEB®xLt, -1lh¢r t® ® h_-g¢s°j-_+l®1 tx , _ ®
¢tg sl ® qg¢2- 4}h?2!'h ®t+x1 ®g 6 jllju *}2®@®l-¢
~¢jl}® @y jiEARXE] 2-¢x¢~1- +¢ gt | 2-¢1t~_ 1}
_®2 - rt lleREOt>¢cpEBYtBEC¢C2+ ¢q +£s| +¢P_ JIEED:E t~ ¢ |
*L, a-¢+x¢~1- ¢ gt | a-¢tt~_} ¢ kgE0o >HHHE }_
3thr@E ®s ¢, ® _ ®hsl| ~| Bt g} bt t +istl @ ® 1 ,3¢E2sthEn 1331} ]
g-tjrl ® ®s¢iEhtpt+6Y -1 ) 1 -1 Ce£¢ gGlEcE} + r#s1 - t#hs|
_-tCx44m}) Ec¢

A +s|l ¢+s| B ,®I8 G|t 3rEsth - ¢} -1 ] = Ctg§t®xlt Hhe

sl -1 BB}l ~t?2 2® j¢~_t ®u *s-¢2rs _sths 13Es]|
~l~g-_ lu a-1jth+lj +¢ gl i @ER ¢>@tj}Ceeyecie 61 |jt ~
sl -] Bels-l~t? 2®2j kit h+ljjz /6] g+ +¢ +bbBERX >¢j-Ig_h
51 -1¢ 13 E 2-1jth+® s¢~CaBt}tgh ¢t~ =1jz it @ I

h1}} he¢ + h+0 _sksd~@ BBEHR+IE- 2 httjttsh® +s| ®
C3d wm,E g

=trl}c¢t] hé-2@+2@ltj¢c |11+ +£¢ he¢~2 -1 _sthB ¢q
BB L, 0UIBBEsHhK- BI,30EsSBhEsdth s _® strsl- a-¢a] @®tzx° +
® h_--tlj ¢2+ @P¢-gqdh2@t tr +¢ - _h£t¢ ®U ®2|
s°j-¢as¢g®h °} jt +I°} h+t¢ ® CM2aa}| ~| =+ -0 3¢
| hs ¢q BASl®)1 & t +1 - _h=t¢ ® t jt-®©Hhe- JPIo s
t £l - _hzt¢ ® he¢2}j s_-1 - -om-¢xltr-11zlcq@ h=+
,s¢}lou ¢-~_rt®j _ cltrs+l 16 ®h¢-1®
1ol ¢co 1 3Eshgl 3Esh ~¢jlI} E °tl}jlj +sl strsl

+s|l }¢ 1 ®+tp )¢txs ~¢jl1}® ¢q 4 _}Eagl 3Es°h 3ttrig jils

(0p)

put I 3



4.2.54F2hcand galectin- 3 predicted to contribute to clinical melanoma metastasis
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4.3.1 Galectin- 3 is involved in FM3 multicellular aggregation-disaggregation
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4.3.2 4F2hc plays a major role in FM3 multicellular aggregation disaggregation
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4.3.3 Galectin-3 and 4F2hccolocalises at FM3 celt cell interface
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4.3.44F2hc:0Gal3:4F2hc bridges
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4.3.54F2hc:4F2hc homophilic binding
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FM3 aggregates
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4.3.7 Glycoprotein:Galectin- 3:Glycoprotein (GGG) Bridgesn clinical melanoma
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4.3.8 Conclusions
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5.2.1 MMP2 expression during FM3 multicellular aggregation disaggregation
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5.2.24F2hc,[ - catenin, and TIMP3 expression during MMP2inhibition in FM3 cells
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5.2.3 Galectin- 3, 4F2hc, and MMP2 on melanoma survival outcome
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5.3.1 FM3 cells reduce MMP2 expression to prevent untimely cellular

disaggregation
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5.3.2 MMP2- mediated control of [ - Catenin and 4F2hc levels in FM3 cells
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5.3.3 Concerted roles of Galectin3, 4F2hc and MMP2 in melanoma ADPM
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6.1.1 EMT and MET

et + BBt ®} hs°~_} O-_ @®t+t¢ u>CObOEBB-2jt}l+skPt -} -1 - ®
O-_ ®t=+t¢ C>.0¢ _-1 q2 j_~1 *_} hl}}2} - ~-la-¢r-_
gt¢ye¢rth_} a-¢hl ®®l ®0 ®2hs _® | ~g-°¢ th jIl - -1}¢2a~]|

h_ hil FEPR|-}t} @ . >00 |l at+sl}t_} hl}}® 2 jl-r¢ ~¢}l h2}
_®®+®Et - - Ot xt ¢ g-¢~ _ eh¢~2a _h+ _ Bit|hzge¢tj } E
e~¢xt} | PR$ _ W2jtE |} E-ROPsd ¢ }eceracge®t x| t ® +£-21 q¢- >. Opg

lat+sl}t_} ¢-trt 0 .>0 j-t-1® ~l*+_@®+_®t® _ j t - _®
+2~¢2- |t - _O®t¢t t +¢ ® he¢ j_-° jt®+_} ®t |l ® s _

_j r-¢,+s ¢lgt @l hE~@g - °

3]
—
I+
(7))

1}t _} hl}}® BRI-F¥N®I he * hm+x®0 ®| 51 hll }® ~1 ® hso ~
~t t~fhl Y Ihe + h+®0 t he¢s+-ho@tal -~1+@1- 1§ <% ~_}s _hlh}]
Jehe~¢c+t - | EHOSt @tt)® +41l Boh+| | t +sl ~¢}lhz} -

_hh¢~2 _ ©°o >0 6 jl1jubfl-}¢x1He @ tirP@5 H@2 Bs g ¢® hA}}

E Sl 2ac 2} x| ot lat+sl }t_} HFR-}J@®I t j®j#s + | r 2
-1 t~a¢-+x_ + g¢- ~¢xt}tzxou ®2hs _® Ag-¢ | hzxt o
~1 ® hs° £t} hl}}®g

! t~2¢-+_ £ s _}}~_ -] ¢tq .>0 t® =sl ¢ ®l £ ¢q =xsl :
g _h+¢-®u1 qgq¢- 11 _~a}|] ® _t} CM?! G6ECEHyCEE2i tCM?2! 6ECU
st~ ¢g¢? Cl].)c&- g ®&h-}to2 +tF40s | q th =¢-tGg = | t +l-2a} o
~q¢-1~1 xt¢ | juou g2z ¢+ }t~txlj x£¢u0u £-_ ®h-t2azxt¢ C
jt®tt hzx 2-¢xl ¢~th hs_rl ® _ | hl}}2} - 2-¢hl ®®I ®
ts| ®I t-_ ®h-t2zxttc¢strgshxc¢ci®2} ¢91 jecqtrl |l ¢2} ®+tth =
~l £+ ®+t ®t® ¢q ®I -1 - _1} h_ hl-®u t h}2jt r g- _t u g
~1}_ ®E g



6.1.2 EMT-like process in melanoma
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