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CHAPTER Inttoduction

1.1. Introduction
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1.2. GProtein Coupled Recepts{GPCB)
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1.3. Chemokines and chemokine receptors
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1.4. Activation of chemokine receptors
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1.6. Downstream signalling transduction v@XCR4ZXCL18ignallingaxis
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1.6.1. Downstream effector: Ptein Kinase GPKC)
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1.6.2. Downstream effector: Arrestins
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1.9. Research objectives
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CHAPTER 2:a&frials and methods

2.1. Cell lines and tissue culture

2.1.1. Acute monocytic leukaemia cell line THP
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AAT T 1 ACEdplelADA EAOA AAAT DPOT OAT O1 AA OOA &£OI
OO0OAU AO OEAU AgGPOAOO OAOETI 6O AEAITEET A O,
DAOOGEAOI AOI U ()68 4EEO AAI1T TETA EO A OOEOAA
I £ #8#2c¢8 *RODEACAGMETNLAA xFOT I 1'il AOEAAT 4UPA #

i aAAAET COTTHR 5+ ATA xAOA AOI OOOAA OOEIC 20
xEOE 0il OTO &#3 j) AOOAOIOEAT QAT EJ§ WA ERGT |
Ci OOATETA )1 OEOOI CAT g8

2.1.3. CHO.(R5 stably transfected Chinese Hamster Ovary fibroblasts

HEET AOA (Al OOAO / OAOU j#(/q AAI T O EAOA DOI OA
i AOCA ET OEUAR xEEAE [ AEAO OEAI Cii A OPARE( A
ARRGEOAROTADEBOT DA OET CALEAI A $ADPAOOI AEBOAGE - A
#(1 AAIT O xAOA OOAT OEAAOAA xEOE DAS.!p Al Aj
OOAAI A AZGDPOAGOEI T Ei o0&l &#3 $-% j#i Of ET Ch
POAOAT AA 1 &£ OAI AKOEOA &b &l ij gil WEIOOE CAT &1 GEAL
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#(/ 8##20c AAI 1O xAOA AOI OOOCAA EI ARODAAOCKASD - ¢

AT ETT AAEAO AT A n i- ci OOAI ETAQ OO6PDPI Al AT OAA
Oi A1 OOOA Ai1 OET1 OAA AGPOAOOEIT 1 &£ ##208

2.1.4. Human breast adenocanoma cell line MCH

AAAT T AAGAEScYI A ESELBARBANDBD 1100 xEAAT U OOA I

AOAAOCO AAT AAOZDA AIAIN 110ETARAD8 AA- HOAA O1 OO6BAU O

ET OT 1 OAA ET AAI1l T ECOAOQGEI T h EBAIZBAERLCI 0) pAO/
AOl OOOAA ET $-%- j#1 O1TEICh "EIi OAOAQ OODBPDI Al |
0f¢ BAOAGAT OEAI AT ETT AAEAO j'EAAT qQ ATA n |-

2.1.5. Routine tissue culture procedures for cell lines

"1 OE AAEADAOBDARATAEA T AAI T 1 ET Adl AGHA jADHI OIOBIAGC
EOI EAEZAZEAA AO#| QEBDEQHTAG 6@ Al T £ OAT AARh AAEA
xAOA OAI T OAA &EOI i OEA & AOE AU AAAET C 0"3 jo
p I - DI OAOCOEORADPERBODPEAOAI AE. A#1 n P( vamq OOP

%$4! AT A ET ACOAAROHTE] CORAAG AME QEuso NTI& 1#VOEO x AOA ¢
CAT Ol U ACEOAOAA O OOODPAIT Ao ABREII W80 #IAET @O AA O,
OAOOODPAT AAA ET OAIl AAOBGAD xHEXAGE AANAEOAAT OEOU
i EAOT OAT PEAAT T U xEOE OEA OOA 1 A& A EAAITAU
AZgbpAOEI AT OAOETT 1T O DAOOACAA AU GAMOAKXINICOEAN
AOiI OOOET ¢8 4EA OO@PRAT0KkD 1A GMDOOAIKED ABIOGRIO AAT
OAAAEAAY 1i ,8 A@ xEEAE DI ET O AAI I7T AIAT OEW U0 AIAIGO A

I £ OOODPAT AAA AAT 10 AT A AAAEOETT 1T A& AOAOE i AZ
OT OEl AAI 1T AATDOEIOU OB AABBMKE ABRBOBGUA x AD OAAOA
i, AU OAiIT OA1 T /&£ OOOPAT AAA AAT1 O AT A AAAEOEI

AOUT POAOCADXRNANO ox ABOA EAAT OOEAOCAAR OORA B0 AT AA,
ET &#3 AT A OOAT OZAOOAA ARTAGIA AU IADBRAIES C4 10 ERAC
x AOA EEOOO xOADPDAA zEd# @ OO0OBGKH ARA OBDE Eicl AA OO0
00T OAGCA ET 1 &NGEBA 1T EOOT CAT AO
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2.2. Small molecule and oligomeric inhibitors

I AT i1 Pl AOA

4 AAT A 8038

1EOCO T £ OEA G&iAAHA

o+# ETEEAEOI OO

HATIGRA EA ARGA B O

YT EEAEOQOI O|30DPPI EAO (30T AE# 1T A71 OEET C #
6 AEEAT A

"&o0&xMEP8|4T AOEO np8og |- $o b-

30A001 OP1 {41 AOEO 088 b- xAo& 1-

21 6001 AOET |41 AOEO n |- AOEAc ©b-

#)$vocotupl|4l AOEO ¢8t |- Adoo b-

4 AAT A n8mn8

+ET AOA ETEEAEOT 00

YT EEAEOI O|30DPPI EAO [|301 AE #I 1 A71 OEET ¢ #
6 AEEAIT A

0$X0& ox I AAAI nmo (- $-3nmoc b-

3"néEpogé |41 AOEO nmog |- $-30& b-
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2.3. Chemokine ligands

I AT T Dl AOGA TEOO T £ OED ARDAEERNAA ARECABAO OOA

AAAT A m8p8 #EAITEETA 1 ECANAERAADQEDT £im O D A
AEAT T OAGEOZEAO@®AUOH O) OEKAGARK ARUORE AGOWH A7 (!

EAATET ¢ AOOAUO8 .1 O0Aq xADAAEAIE BHT Ao G GEECAH A0

#EATEET A30DPDPI EAO #EAT T EE|#1 1 AAT OOA«
OAAADOT |OOAA
##, d@ENQOADPOI 4 AAE #H#20 o¢ 1 - #48
##, m | -10ADPOI 4AAE HH#2TW E8zmilE- #4
##,p Xs-H##,pDHiB\ CEE##20h #0&E 1- #&
EOT &£ Oi |, 8# UADPI AxOBE o 1 448
"El ORAECqe
08¢ 1- )&
##, 0 0ADPOT 4AAE ##2o0h E8zmilE- #4
i 21 . 4%3 ##20
##, 0 | -10ADPOT 4AAE ##2mnh #lo 1 - #4838
##, mp ZAGO0OADPOI 4AAE ##20 o0& 1 - #4838
#8#, oZp 1) ! CEZAO ZEDEI |[#8#20h (o0& 1- #&
i 45 $A0yGOAAR
#8#, o QfOADPOI 4AAE #8#2p E8zmEE- #4
#8#, om ZIOADARAE #8#2ch |0& 1 - #&
L #+ 2 -
s q P E8igood - #4
o¢ T- )&
oo 1 - &#
o0& T- 7(!
#8#, of E|! CEAO 8ZEDEI |#8#2¢ 0zo & k- #8&
4AC ilj 45 $AO0I OOAA .
EoL &l O E8zoEE- #4
#8#, 0¢ 0ADPOT 4AAE /| OPEAT E8¢&&op¢& &l -
ir21+Q OAAADOI [#48
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2.4. Antibodies

I AT i Pl AOA TEOCO 1 &£ POEI AOU AT A OAATT AAOU AT O
4AAT A m8¢8 O0OEIi AOU AT A OAAITAAOU
Y& 11 011 &l O ORIAA MAR T &ZAAOODAOT7 " 11 O
OOEI ADOEAT AU3ODPDPI EAO|! OOAU ds$sEI OOEIT 1
(%+ToTXT@oATuA! CEADO /) & 0doé¢&
PTTTATTTAI -A+AAQET
il @AEQOA
#8#2c¢ | oworva 3AT OA ) & 0do¢¢&
"ET OAAET |
(O AT #8#2¢ [20% OUOO&# odméEE
[2 OOAZDET '1[|3A1 OA 7" 0d aido & EE
b @ixe e @Ax |["ET OAAET |
[2 OOAZDET '1[|3A1 OA 7" odxd&o0EEE
j oo Q& p OAoO "ET OAAET |
|2 OOADED 4z 3 AT OA 7" 0doé&é
LCOYXO "E]T OAAET |
[2 AOET EK#ho@di3 Al OA 7" 0doé&¢&c¢E
"ET OAAET |
3AATTAAOU '1|30DbPI EAO|! OOAU Qs$EI OOEIT 1
"1 AOCOZATCEA &)3ECA A AOE|) & 0doé&¢&c¢E
"TAOZATOGGEA 413 ECA A AOE|) & 0do¢&¢&¢E
"TAO ZATGGEA [3ECA A AOE|&# ogqme &
i ( E, Qm q&p AQi
#& TCUL
T HE OOA 3ECA A AOE|7" 0doé&&c¢E
Eil OOAOAAEOE
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2.5. Plasmid DNA

4AEA D% &0 AOOAOOET nrp DI AOIEAO xAOA DOIT AGAA
(ETA)) AECADARZA oD®T &®O1 EAO jz#A O N DRIADA h3 ROIAD A A (
AO AAOAOEAAA AT A OAI EAAOCAA AYA AAQEKEOCEI CEED &
AOOAOOET nn AT A P% &0 AOOAOOET o&bd®@p A BIADLGTI AD
xAO AMBRAET 6 TRHOOCARDEGA OEA OAIT ET A OAOGEAOA xAO
AAEA AO yAdeDARBABAKR DI AOI EAO | #01TTAGA OOQ T -OAEAA OO

ATl 106011 Os8

HSV TK

PovA  pECFP-N1

4.7 kb

pEGFP-N1 MCS
1 601 611 621 631 641 651 61 (] ECFP
.G CTA GCG CTA CCG GAC TCA GAT CTC GAG CTC AAG CTT CGAATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GTC GCC ACC ATG GTG

Nhe | Ecod7ill Bgil Xhol _\  HindWl | EcoRl Pstl  Sall Kpnl_rﬂpal BamH| Agel
il Acc| AspT181 \ |Bsp1201 Xmal
Echi% B Sacl Smal

ALLI ATG /111NN AGA ‘ T

Arrestin 2 ORF
CAdwleNaY YYI ALY FNNBaAaGAY H | Y UIANTRALIRA @ JIHG (Fwm  11IY/TRC tO f
0/ f 2yBIBIOKIWE F A YARAIOSGSNENAEHNREEMRY H AYyASNWROLY koS
'LIRBRISaiA2yd BBONANVET 2 BYdRKAYTS | NNBAGAY H

4EA #8#2¢ AT AET ¢ OANOAT AAO xEDBEAOOORI ©OOAT @/
AT OEOAT OA DPOEI A0 EHAYANRAOEIEQD AWISE MGRA  AOACIH Al
OEAT OOAAIITTAKERIA) EOAHEARP) OlE A EORATEURA A&
,OAE ER GRTAA QOAADI O AO AAOACEZWEA ANCOADOER HAO A
Al T OO0OAO xAO DOADAOAA zADD ¢ & 80 A8 G&REA GATOA DPEA $
AOOAD@BIog DI AOI EADICEGRABRBRER® j -1 1 OOAAI Q8
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2.5.1. Preparation of plasmid DNA from bacterial colonies

#EAT EAAT T U%AT ADAMPAB OEOOTI CAT q xAOA OOAT O& O A
bl AOI EA s$.1! O All11Tx Al bl RoBE AA G AD R YA B xARON E
ET ERADAO AT A CAT O1 U AOI EAT Aix1 xEOEZxA DPEDA
bC T £ OEA OAT AOGAT O Pi AOI EA %B. AT AEEOAOBAOAAAC
pE& T ETI OOAGKBEDAOEAADBEAA4OAT OFI Of ACETITIAEEAQ@ OEA
OEA AAACAOEAOARE: caAAT T A0 AAAI OAZAJADIBOOGAD , ET
DEAAOI AA AT Ti@ "0Oi OE j,"q 2BOAAKKEDA 61 AGBRA Of
ET O OAOU#GE AEX0 OGO pmi O m Ei O0OO0O8AIMcA®I, OF A HE
OPOAAA 11 DOAPAOAA , " ACAO bi AGAO Ail OAETEI
jo&& BCY i,qQ 1O AIiPEAEITE]l j4EAOIT &EOEAO 3AE
ATl xTh T OACAECEBDAARIOApAT 1T TTEAO xAOA PEREAZA OEA
i, ," AiTOAETEIC EAT Ai UAET j4EAOIT&EOEAO 3A
i 4EAOI T &EOEAO 3AEAT OEAEAQ jo0&& BbCH A0 AT4EA
ATl xT280 10 OOAA £ O Pi AOI EA Ai Pl EEEAAOGET T AA

2.5.2. Amplificaton of plasmid DNA

0l AGIiEA $.! xAO DOOEAEAA OOEI ¢ OEA 1EACAI
OOAT O&BL OYABOOAET xAO ¢OI x1T 1T OAOTEGCGEO AT A O
AART OOE EGGAML A Oo¢ | ET OOAO8 4EA OODPAOT AOAT O xA

AOEAROARBIEI C 2.1 OA xAO AAAAA O OAOCOOPAT A O
AAAAA Oi OEA OOOPAT OEiT OEAT ACEOAOAA OOAEEER
AAE OA EI AOAAOGET 1T A O o 1 EI OOAG AO Oiii OAIE
DOAAEDPBIOADORAT POEAT OEA Oii OOEE tA ©A® & A ATED GEOM(
30PAOT AGAT O xAO OEAT &ZEI OAOAA OEOI OCE AT AA(
o0& I, 1# xAOE AOAAEAO8 01 AOGIEA $.1! xAO OEAT A&
Al OOEI T AOEABARI b8vAOD, ARKABODT OEA Al OAT & OI

AAT OOEEOCAOEIT T ¢ &8 ©4 bbA EO @EOR OV © DG xBREOA DAT |1 A
xAOEAA ET AOEATIT1 AAAE OA AAETI ¢ AOEAA AT A AEO
$.! DPOOEOU xAO AAOGAOI ET AA AU CA(EIM RROBADE) C
OAOOOEAOGEIT AT UUIAOG joOiiAcCAQs o0i AAN EAU $. !

AT T AOT B OPAAOOT I AOGAO OUOOAI j4EAOQOIT &EOEAO 3

54



2.6. Electroporatiortransfection

2.6.1. Electroporatiortransfection ofplasmid DNA

#A110 xAOA AT O OAA AT A ARAIOIOE £ODBADA COAALEBA

OAOOOPAT AAA EIA OmEA OB A (A%ARRDOT BT OAOET T 011 OO0E
opuv I -h +#1 o [ -h ($00ZB GOA ht Bi(- v8.cA®@ .01 xEEA
i 3ECIi A IATAMOBAEKC DI AOIEA $.! xAO AAAAA ET ¢
i 3ECIi A ARMOBOAEAQ] AAGDDEDBCOAGDHAT AT AAANGCO OEM |, 1
OAl AOAT @ £GAOOEIT @ * OOEAO AAI10Q8 o8¢ b, 1T £ O
i EGOO0OA ET OEA AOOADGA ADAAOCAEAAAI DOAT OOAI PA
i ET OOA0O8 4EA O1 1 O00EIT xAO OAI T OKA AGANED AAA DByESEX
i, zZwoc A ADBDDEIIQEAET ET ¢ OATI AGAT O CcOi xOE |1 AAEAc¢
ng ET OO0 AAAI OA AOOAGOI AADOTTiA DAY OFAAOGET T A

2.6.2 Electroporatiortransfection of sSiRNA

3AO0OAT AT AA OE2.! j$EAOIAATTq xAO OOGAA AO A 1
T OAT AT GEAA Ai i pi OEOGEIT AOO 1106 OEA OAI A OANOD
EO OOAA O AECGOEALDEODAE ORAINDBABRBREE EOREARADOS

OE2.! AAT AA OOAA AO A TACAOEOGA Ai1 06011 AO E
ET OEA AAii18 301 AE Ail AAT OOAGEIT T A£# nm bBb- (
OOOPAT OET 1T AOAEAAOOAAOEI AAKA OBBT @1 AT IOAAT OOAOQE
OOAT OEAABET T 1 ACOAR 2" 0 ABA2"22PIMOJ . 0E2. ! OA
i SEAOI AAT 1T xAOA DPOADPAOAA OOEI C S$EAOQI AAiI T OE
AT 1T AAT OOAQETT 1T £ né¢ b- ET noEABAT Q8 211 ABA OAX
I £ OE2.! xAO OAOEAEAGDHPAGGEIIG ACED OADDADI B 41
BAEAT OEEAZEAQ AT A o EIl o&&¢ AEI OOEI 1T Al ENOI 00 x
OEAx AUAI AOs8 #A11 0 xAOA Al OADAKD ADGA A& 1 *ODEH
AAT 1T O xAOA OAOOOPAT AAA ET mn&& b, (%0 %3 AOAEAEA
i-h .A#1 opuv I -h +#1 o (D458 ABODI DA a8dgqhOl A
T- OE2.! OAACAT 60 jo& 1- OAOAI AT AA OBE.! AO

OAOPAAOGEOA t8mnm Al j GELI GAEAMGEDBAEAD ARIODARAI DT OA D

OAl AOAT 0 ZGAOOEIT @ *$ BOEAO AAIT 10698 08¢ b, 1 &£ O

55



i EOO0OA ET OEA AOOAOOA AT A OEA AT1T OAT OO AOA

i ETAK @8 4EA O1T1 OOETT xAO OAI T OAA HZEDBAAOAEDR &
i, Zeo A} ADBDEITIQGAET ET ¢ OAT AGAT O CcOl xOE 1 AAEA:
co ET OO0 AAAEI OA AOOAOGOI AT O T &£#/ OOAT OAAAOGETT A

2.7. Chemicalransfection

2.7.1. Chemicdransfection ofplasmid DNA

o &-68 AAIT1 O xAOXAORABAAORT Eftco i, T &£ COI xC
AAZElI OA OOAT OEAAOGEI T O Aixx00shCcri PEZEOAODDAARDEOR
xAO AEI OOAA ET o0&&% b, |1 &£ OEIDPIA $-% 8 ¢ b,

j 4EAOI T & EHOERAAE BGABXAA O AAAAA O1 OEA AEI OOAA .
PEDPAOOET ¢ 10O Oi OOAgEI ¢c8 -E@OOOA xAO OEAT E

i ET OO0AO AAE OA o0ttt b, 1T £ OEA OOAT OEAKE®AI 1 OA
Oi AAAE xAXR]I EBPROEAA ¢ AOA xAO OEAT CAT Ol U C
AEOOOEAOOEIT 1 &£ OEA Ai i Pl AgAO Ei i AAMERAGAN U AA

#/8 4EAxBAOEBAR AA AT Al UGAA AEOAO mng¢ EIT OO0 OC
£l O1T OAGAAT AA 1T EAOTAGAIAD T x RO BD 0 0fho AmEEAGKOE OA OC
OO0AA A& O ApEAEAORADIOA ABOAIUBDIBGC AOOAUOh OOAT OFEAA(
Au Al O1 OET ¢ AT AOAAI AE RZAI EDOI OAGHRAARI0A AEEE IOADA
AOABRTOEAOEZEREH I GVMBAQOAT OAAAOET K AG £ABEAEATNAOAT OE £E
£l 01T OACGAAT AA AARRDI AEPEABREAABOAAQAT AAAITAEGHEDI
£l BBA OOAT OxAADOAECOAOEAT OLAARABCRAAAZEARALAO
Ai 01T OAOCAAT AA AGDOEA A EIOA OEYIEN oCBIARA'DAAE &1 O O1 O
/| DOEIi A PpI AOA OAAAAO j"-' , AAOAAEhRh ' AOi AT uqQs

2.7.2. Chemical transfection of sSiRNA

3AOAT AT AA OE2.! j$EAOI AATTq xAO OOAA A0 A 1
T OA1 AT OEAA AT i bl OEORDRT AAOADI OEARARAAID AEDA! 8
OE2.! j1EAGAT qQ xAOA DPOAPAOAA AT A AEI OOAA Oi

xAOAO j 1EACAT 8 #1171 AAT OOAOCETT 1T AMEBDEROOT ixA®A ®

OUOOAIT | 4EAOIT &EOBHA G AT A DA IxROAE AJ 8T -0 AT A A/
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8 ©oXAI 10 DPAOxAKRI I DPEAOAG@8 #A11 0 xAOA OOAT OA&A
2. 'E-A@ OAAGCAT O j 4EAOI T &EOEAOSsARBADBDEAEAQS $
i LTEACAT @ xAOA QRAKERN MAIAOAEIEOBA 2. ' E- A@ OAACAI
SAEAT OboAgA QABDET 8 - EGOOOA xAO OEAT ET AOAAOAA
4EBE22 EPEA AT i Pl Ag xAO OEAT AAAAA O @&Ail O A
AAZEI OA AOOAOOI AT O T &# OOAT OEAAOGEIT AT A AGPAOE

2.8. Calciunflux

| AEAOAT O AATI 1 TETAO xAOA EAOOBODAABBRYZ BAAEODE
o AAT 1O xAOA AiidopBBPABGHs AIRE IOOG OGN BMRIABA A O
ET AAI AEOI &£ 0@ AOEEAO jopuhie8c Al foEAHI-- +;
(%0 %3 B( vsgh OAd OIAQqss #A1 1 0 xAOA OPOT Al x1 A
AA1I AEOI &I 0@ AOEEAO AAAEI OA OAOCOHOPAT OEI T EI
AT T AAT OOAOEdTARAY KEOHAL 180 xAOA OEAT OOAAOAA «x
AT 1 AAT OOAGETI T O 1 &£ ETEEAEOI O AT A 11 AAARA >
AARAOT gui AGEUT AOOAO Al EjO)CIAORGOIEIAGIq8iE ® OOHBAA |
PDAOI AAT Oh ET OOAAAIT T Ol &0 - AARIODROIZDE B ARE ARG OBO |
OAENOEOT 60 AAEUADAOBBODAIOBIOBIOA O1 A AAiI AEOI
T ACAOEOATI U AEA@AAS GA ERNOUHRO GREXmE RREA T AEAOC LD
AOi 60 OEA AAiI 1 1 AIi AOGAT A AT A EO ZAO OB iOE AA B TUA B
O " AARGEEAEOO A OEEAO EI EOO AAOI OPOEIT 10 A
n b- iz ROOAAO AAAAA O Kil A OARIORIN AdABHIHDO AA £
pE 1 EI OOAO8 #AiI1 0 xAQ@RAADAEAXxAGRADOEEOEA AORIOA (
AA1I AEOI &I 608 AOEEAO8 o0t: b, 1 A& AAIT xAO AAA
Dl ADRA QI T & EOE AO ARAE OIAOC BAE RAIOD Adl OfA AEODRAIOO | A&
ACiTEOO ET EAAOAA AEOAAOI U ET O OEA xAii10 60

OAAAAO j"-' , AAOGAAER ' AOi ATuqgs #EATGCAO ET A
OAOET I AOOEA AT AT UOEO 1T £ Al OADIAGIEAOA AT A UElI ©d ©.
AT A po& 11 1TEGCEO AAOAAOAA AO A EE@AA Al EOOEI
AT A AT AT UGAA OOETC "-' |/ DPOEI A O #OxAOA AT A

Al O OAOAATHA A< EEMGA KA A EOAADI U OAICA BOA DI AGBA
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4EA AEAT GCA ET A& O1 OAOGAAT AA xAO AAI AQi AOGAA
OOEIi Ol AGAA pcgg 11T poe& 11 OAOET AT A OEA DPAAE

2.9. Migration assays

2.9.1. Chemotaxis migration assay using ChemoTX plate

#EAT T OAME® A * OOEAO AAI 1 O xAOA AAOOEAA 1060
bl AGAO j . ABGOI POT AA YT Ah 531 Q8 7A11 0 OI AA OC
xEOE p& b, Al TAEET ¢ AOEZEZAO jor "3! EIT OEI DI,
OAT PAOAOOORIBA #EIAIIOEET T O xAGA hb OMEDMIAMETAD Td
OANOGEOAT AT 6OOh ET x1 OEET ¢ AOAEAO j&€¢8o0rz "3! EI
AAT OOEAZOGCAA AO o8&t C A O o [ ETOOAOh xAOEAA 1
pX b, xT OEEI CcAG®WBAC OIDACEOAIN xEOE OxiT xAI
OAI BT A £ O OOCEI 01 ACAA AT A O1 OOCEI 01 AGAA 001 O¢
xAOA AAAARAA AAE OA AT ET MOAAGCBI#MMEKl Al pRAEEECOA

xAO OAI T OAA EODRPOBAABI AGAEADPA b, T &£ OEA OAIl
j xIl OEET ¢ AOAAAO A& O O1 OOEI Ol AGAA OAi Il AOQs 4
AATT OOOPAT OETT xAO AAAAA 1101 OEA Oi b 000/

ET AOAAOAA ET A ABROU AEOI 6AEEDODO A OA 1T Al A

OAi T OAA8 4EA AMOCAET ARAAPAAAKEOE A EAAIT AUC

2.9.2. Transwell migration assay

| AEAOAT O AAT 1O xAOA AdI OOOAA O1 OCERADARGRA x¢&
AU ET ACAAOCET Tnal&EO0m@sm"3 MEOK | ET OOAO8 #A11 0

Al AOADPAT AAA ET om 1, COIi xOE 1 AAEOI 1% COI x(
AAT 1 O PAO 1,8 #Ai 10 xAOA PEDPAOOAA ET O 1 xA]
ph LA O ng ET OO0 O1 All1x AAEAOAT AA8 #Al 1 C
xEOE OAI AGAT O $.! Pl AOB&EeROGHAQAAAAT @i UOAAOBD
ET OAOOGAA , AEAA $-)) &£ O OAGAAT AA T EAOQI OAI PA

AEEAGOLKIOBAEAACET 18 #A11 0 xAOA '@BADL RHOBOE OKA"A3 AU
x E@Bio- %$4! A O oo | ET &QRABOODDEAAA T OO GIARI O OF
OOAOEI A m¢ xAl1 DI AOAR 18¢ b, T £ &8nl "317$-
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AEATI T EETAMAAAO ET O1 DI OEOGEOA xAii 08 )1 OEAOA
" OAET B0 A" &Il OA0OOO jows- Ai AOAT Aq xAOA OOGAA Al
x AOA Ai 01 OAA AOPAAAAT, OBAGUA =M E ABA oEAT QI U xEO
OOOPAT AAA xEOBo-888mE & 3B, Td-£ AAI T O xAOA AAAAA
xAO E1 AOAADALLAIBD pwg ET OO08 )1 OAOOO xAOA OAI
TAxh OOAOEI A mn¢ xAll Dl AOGA8 #A11 0 xAOA OEAI
xEQOE &8mol 40UDQBI'#m$aRLEHRQ0 BAAIIET OOAO8 nEE b
AAAAA O AAAE xAl1l 1T A& A4 BEBARNAENE GEAEN GAMEORE AGEA,
AOOAOGOI ATO AO AQGAEOAOETT T AIEOOEIT T A& coofo
| POEI A Pp1 AOGA OAAAAO - , AAOAAER ' AOiI AT U(Qs

2.9.3. Wound healing assay

3OA0EI A onm xAil DI AOAO xAOA DPOAPAOAA AU | AOE
Oxi DAOAI T Al 1 ETAO xEOE ETAAIEAIA [ AOEAO DPAC
xi OT A EAAI ET C RNOAT OF &EAKA O Al 1ACRSABIAIRDO &5 G1 Al AZ OROX
| AEAOAT O AAI 1 O xAOA AOI OOOAA O OEI  AOi O1 A

OOODAT AAA AU ET AOABOGEI %S XIEOE @"® IxEIOEOAOS #Al
ET 0" 3DROMADAAA ET nc [, 1A QO EORABRBEOROA
.8 #Al1 0 xAOAZBDBERGObi KIAGI DOMOAO jn 1, D,
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2.10. Imaging techniques

2.10.1. Phalloidin actin stain
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2.10.2. CCR5 receptor internalisation
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2.10.3. CXCRA4 receptor internalisation
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2.10.4. Microscopy
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2.11. Internalisation assay and flow cytometry analysis
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2.12. Western blotting

2.12.1. Sample preparation
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2.12.2. SDSPAGE sample separation
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2.12.3. Protein transfer
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2.12.4. Immunostaining and imaging
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2.12.5. Membrane stripping
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2.13. Bioluminescence Resonance Energy TranéBRET)
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2.14. Curve prediction and statistical analysis
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CHAPTER 3: Characterisation of CXCR4 activation

3.1. Introduction
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3.2. Chapter aims
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3.3. Results

3.3.1. Expression of chemokine receptors in MCEells
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3.3.2. CXCL12-Nis Tag binding to CXCR4 promotes intracellular calcium response
in MCF7 cellsbut not chemotaxis insuspension leukemic-ymphocytes, Jurkat

cells
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3.3.3. Characterisation of chemokinmediated chemotaxis in Jurkat cells
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3.4. Chapter conclusions
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CHAPTER 4: Determination of the role of PKC in CxCL12

induced migration of different cancer cell types

4 .1.Introduction
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4.2. Chapter aims
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4.3. Results

4.3.1. PKC inhibition has no effect on the internalisation of C@&®ptors or

actin polymerisation upon CCL3 activation

CA3Idz2NB nomY //wp AYGSNYFtAaldA AR ONR INI LIKE F O$th
Y2y2f BESNBSTF2NE | YR g4AK IMHiihSNIal NBIH bYwSy St t a & SNB
FydAo2ReZ |1 9YkmkyplkTl NIG Y2WHEUR/YIEYR yRABSO2§X
LI NI F2NX I f RSKERS o60SF2NB AYF3IAy3Id LYIFISE NBLINBaSy
ddZA 0SS WRAKAARAOIGAZ2Y ®

96



o+# EAO AAAT OEI x1T O EAOGA AAT OOAI

ABOOAAAT 1 Ol AO 1T ECATAO AT A AAT ET Ep @ARAR 1 Al
AEOAOOOAA E® OEDOI AGA®PBAWMA PAAt# ET EEAEOETT A
i ECOAOCETD Ay §©8 00 OEA ET Ol IEDA iAEIA®D 11 £ OO ARAH /

DAOOEAOAIAIOT B E ADA MIOEMAAT O T &£ #(/ 8##2ac AAITLI

"&o0&xmEP8 AT A ¢ b- 21 001 BOEOA AEI OO0Tp & A AMATA@C

ET OAOT A1 EOAGETT OPI1T o¢& 1- ##,p AAOEOAOQEII
iFECOQOQA xA® 1T AOGAOOAA AAEOAO ET AOAAOET REICEOBEA 7
¢8n OEI xO 11 I AOET 60 AEE£EZEAOAT AA EI ##20 E

AZpAOEI AT 00 | ZECOOA ¢8o0(Qs8

CW DCwMmn pH N DCwMndHINO -

CAIdzNBE nodHY tY/ AYKAOAG2NRAI DCyieNYbt AayRANZFIGHY SN
OStfta dzlRy /aA[ONBEAMNG AEKEAG RFY I hd/ [/ wp Y2y 2f @SNAR NI
AYKADAGRONEDCMA bH nod /ISFR &0 060S N2 (aditF SANRSYR 6 A G K LINA Y|
NI G Y22y20ft2yLt ol2)RR &£I@2y RIYNE FIAVEBAR A GK m> LI NI ¥F3
LYF3Sa NBLNBaSyGalradA@S 2F LR2LMzA FiA2yd ! OljdZANBR 6 A

97



'&0EXMEPS EO A bl OAT Oh = GHEGEHA) 00 A ARDERH
AEOET AT T UIi Al ABATERAA 81 ' & oEIxEEAHABO 0+# OEOT OCE ¢
I £ OEA EET ACA,AEA:BONEAO8A)O)EO A Al 1 OAT OEI
ET EERAEIOSE O) [ ) VAIROE OEI Elyh@ oiell GG AUDIETHO IEDE |
xEEAE EO EOAIAODDOOAGERITE®DEARRIEOEAO AAAT xE
OAl AACEOA EIROARGEDp B-£ @E#OCE EOO Ol IfA A0 A
ET EEAEOI O EAO AAAT ARODAARIT OANS AARDOIAAORIOER A A
ET EEAEOT Oh AT A OEAOAAEI OA EO EO 110 OAIEA Al
ET EEAEO[ ®ET KA0 6£EAOA AOA AEI T T GCEAAT AN[A AEI AE
ET AADAT AAT O OEAOGy d it pAcaA A0 OAOOI 00

4EAOA OAOCOI OO OODPDPI OOOH AOTAA A AAEBDRECBRET OEI AAJ

OEAO o0+# EITEEAEOI OO0 Al 110 AmmARAI] #0O8p &EICAO
OET xAA 11 A£AAADROITABEBMDE] 1 AAOEOAOET T h OEAC
Ol 1 EEAT U OEAO OEA 0+# ETEEAEOI OO0 xEI 1l A£EEAAOD

OAAADPOI O ##208

&1 01 OAOCAAT AA T EAOQI OAI PU xAO OOCAA O AAOGAOI EI
21 001 AOET h AEOCODBOO!' ABPGROEAITI ADEINEDOB®OAET AA #
#(/ 8##20 AAI 1 O xAOA OOCAA EIT OAARAICAARBPADEI Al C
Al O AAOCGEAO EAAT OEEZEAAOQCETT 1T &£ AAiI 1 OI AO OOOOAC
AT OAOOI EDPO OF OB OE ORT DAR OE TR AAr plo Ex8hotBAn CEMGVO A |
i ET O0AO0 xEOE o0 Bb- '&o&xm&p8 1T O ¢ Bb- 21001 A0
DOET O Ol AEQERIACIAD A GGAIEGIEAGRA xEOE o8& 1 - #
O AEEQGEIC AT A OOAETEICS8

98



CAIdzNBE nooYA GO@NY AV NOMNRENI QB 26 / 6hd/ 6 ¥P2NBY
YR OaNBHTEASNEG mnn ya //[od /Stta wmBWNBt RAESRARYR |
A4GFAYy O63INBSYyOod LYF3ISa NBLNBaSyalrdAgsS 2F LI2LidzA I G,
YEAYAFAOLFI GAZ2Y ®

99



W D C 1 ngchH /1 o DCI\/IJ:I‘;@'HJ'IO.-

"

CAIdzNBE nonY tY/ AYKAOAUGUZ2NRI DCumMncdHnod GREKR WGt
Il ho/ /| wph OB IMIGLIKE 2F /1 hd// wp Y2y2fl @8SNEZGNBIF (SR
60 DCMndHno - dF YyBf 6 a0 &FFRABIGT IEISRy yw AUkl {1 HESERAY | Off
0INBSYyov® LYIFI3ISa NBLNBaASyGlriA@dS 2F LRLMAIIGA2Yy D
YIAYyAFAOLIGAZY ®

I AOET ~&£EI AT AT OO0 T AOAOOAA xAOA AIDAAAOARI O+AE
ET EEAEO8 o2 at (AAI 1 O | ZFECOOAO ¢8ph ¢8¢q AT A EO
I £ AAOET xAO OT EAI Oi 8 4EOI OCE &I O OAOAAT AA i
ET EEAEOI OO AEA 110 AEOOODPO OEA AAOET AUObOi O

DOAOAT AAEE ODOOADLOA AOEAAT O8

=1 A£EI1 Ai AT 0O

1 Mpde OEAITTTEAET AETAO O AAOE
A AAAOAAOA ET OE

(iTi1AOOR AT A OEEO 1 AAAOG Oi
AADI 1 Ui ABDBDROER] B AROEOAOGEI 1 h OEAOA xAOA OEO
ET OOAET AA #(/ 8# #2@we ABA G OA Ak EBEA I Il IABKET | AECO
AEAEAOAT AA 1 AGAOOAA AAOxAAT #i, KOORAORGA DA A

100



ETEEAEOTI 00 #BELHA26 ADAOIOADETI 1 O ACOAA xEOE OA
AAZE OAh xEAOA o+# EITEEAEOI OO0 Al 1106 AAEZEAAOD
OAAADPOI Groz AR DOT OOOPOEOCEROEU®O T REOOOPOET 1 I A
AUOT OEAAGBOIAOAOOAAS
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4.3 3. Inhibition of PKC blocks migration of MGFcells in wound healing assays
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4.3.4. Inhibition of PKC has no effect on Jurkat cell migration
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4.5. Chapter conclusions
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CHAPTER 5: Role of arrestinClCR4/CXCL12 signalling axis

5.1. Introduction
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5.3. Results

5.3.1. Investigation of the role of arrestins in neinvasive adherent breast cancer

cells, MCF cells via CXCR4 upon CXCL12 activation
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5.3.3. Overexpression of arrestin has no obvious disruptive effecton MCFO St f a4 Q

actin polymerisation upon CXCL12 activation
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5.3.4. Investigation of the role of arrestins in leukemic T lymphocytes, Jurkat cells
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5.3.5. Investigation of overexpression of arrestins in migom of leukemic T

lymphocytes, Jurkat cells via CXCR4 upon CXCL12 activation
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5.3.5. Investigation of overexpression of arrestin 3 in MAPK and PKC signalling

cascades upon CXCL12 activation via CXCR4 receptor in Jurkat cells
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5.4 Discussion
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5.5. Chapter conclusions
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CHAPTER 6&inal discussion and thesis conclusions

6.1. Final discussion
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6.2. Future work
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