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Abstract

Domi nant mut at IGdB&a u ne t-kheh agdyebmsf snse s s ( K
syndromecoadeaéieneing thd BRIGCAB2e@aos hesa a
the protedt (cOxnee)xiwmhi ch forms hemichanne

all owing the passage of signalling mol ec
patients carry a c¢. 143@2AwH ipc Hn5 Oadld alrinttus nat i
channel functi on. We hypothesised that

kerati nocytsepse cuisfiincg sailRNeA Rcanunled o aurnrce d to nt.

Firestconfirm whether patient IGel iB&k | ebe y t
fomed functional chamaeil fsi cf od il ENABRY r ead tl
keratinocytes were gener atlealadiisn gn gd yCeR | tSrP
(SLDT) assay showed no distinguishabl e
communi cathetnv@leBG®ad @) B2tel | s, suggesting
i BJB%eratinocytes.

Ni neteen si RNAs were designed and test el
mut GBadBRFPr ansgene. A |l ead si RNA, was di sc
t he mutant MRNA anfd et & &y Bxvp rt ehouiton .

efficacy of the | eadkesriaRNMmowysrems Kebs ed
syndr ome pKaG)i ehnabrgbh(dkertDer ozygous ®.sk4&6* A sn
di spphayddlfeqitwales of KI D syndr ome, wi t h
formati on, i mpaired GJI C and hyperact

i mmunostaining, asdDmeupabcoytchampt ake as:

Foll owing treatment with th&E&IBA REKAD sel ec

KCs was confirmed at MRNA and protein |e
and reversal of hemichannel activity wer
comparable to that recorded i fSemoramall yka

showed that onl yKG& itxr agresncersi ptno meh ewekrleD si g
the si RNA treatiemwtdtfasggtgesftfiagt d ow

I n concl wpeoinf,i @il eR&ANQogé NI @J BRBumian & o

could be a potential therapeutic intervel
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|l mpact Statement

This study hasspwetciilfiise dsitRMNeA dlelcenlng que t C
mut &dBa2l | el e i n KI Ddesryinde d mee rpattiirecdyt es.
to reversal of aberr antncd hiadmpinegl v efmuemctt ioofn
junction intercellul ar communi cation and
St migkiy, the therapeutic si RN#i detuadredleta v

effects in the pati&eg.cells, as detect el

The data pr eseatkbde beaf itchiiasl tthoe smusFt r pt e f
of th&lemd del used in this work is the fir
dewreid keratinocyte ,cehaéar bdaurei.ngT hteh ec ethd st
syndr ome amwet atfi agmr,eat research values for
of the condlig, oint we adhldvihrbisceeels s meampe w o f
treadmeel oped f oAl stdh eu stebfeddBk2Zndoraak out cel |
generadtoeddysi debyt hGRISStPRdYyCa s 9. Thhersemec ed di tlil
woul d al so be egsaenctbhiadd tolgao rc aél m dpur soecgemasiel si
pat hhwafyated to the gene.

KI'D syndr ome i islf cmang nidnwci utrbdannyuslifteimi ¢ def ect
posatmegme nbdwrucssemm f ect ed patients, fdamidies
study providesofomonicempor fant thpeasti of st R
strategy in ttaheg et eTla thsew dgaagpeysostiftouclo mes hav
begemesemt efd ve national or i nternatini onal
preparation) wil/ sso®wni we ds ujband rt it aeld. tToh es
strong fbuarstihse rf afresetairmihs aatni on of strategi

treatsmemt as routes of admi ni straitmiomnal a

transl ati on. OQur | abor at-muyi rheasc hail meor iecs
model fom BouwDhes. I f successful, the si
cliniragall , whi chbcrcgioml dit epnogh eanltii mila ayp atbie @ e ff

with the debi.Futbahengorcendi hdapsédat egyt
human conditiomsni aasbcInatted ir @ihdodh dei thi aovnianl

i mpact to a broad range of research.
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1.1 KI D syndr ome
1.1.Clinical overview

Ker alt ¢ hti BDyecasfinsess ( KI D) syndrome (MIM 14E¢
domi nant genetic condition characterised
i ¢cht h(yQosgigss hal l et al ., . Z(he3;coRiddhtarohh ewme
describedBunnsl,ahfl9 wa)s Ssubsequently <cl as
ectoder mal dictos dehe wapicteramnif £, corneal
(CackhRires et &Bler,keXx9*@; ade |, 1993; Tsuzuku
1973)In 1981 , Kltdivaksciaps Opmysdeadt.e , Tot her e have
over 100 cases with KID syndrome report
incidence YT angi {@gd®ei@d@mandt Whilt e,n (22dDH),
Fahaad, ADdtHAOPugh KID syndrome i s rar e,

debilitating, progressive, and difficult
Ocul ar involvement ihatemalsyamad omeogrse o
neovascularisation, conjunctivitis, ker a
(Brown et al ., 2016 ; Kim et al ., 2008;

Wal cott et wailtsht o 2®t0R9l ogy showing thicker
poorly different(iDgtadd | ¢ pintPedtliiealt sc edfltlsé i

photophobi a, tearing antil vosoaal desbosr b
opacity and trichiasis hav(eCaaclRsroe sb eedan arl e
1996; Haruna et al ., 20A0OumdMedsas meéTrhackt , al2
corneal findings are progressive and ma
blind@eggshall. et al ., 2013)

Sensorineur al heari ng ulross si ni sneegifodlayseasl rlo f
with KI D (sPyantderlo metUndli .k,e 2CGWY)ar i mpai r me
i mpairment -psogrseadil ye,nomowever, due to |

age of onset( SAy-BkRkIDdDnmont reg) iatl . may20df2f)ect
devel opment sevemelryemAhpseviiegpopdstsboad
samples from a patient revealed dyspl asi
(Griffith. etTdhuaal. , s e2n0sOoc6r)y def ect , combi ni
i mpairment, often | eads to prof(6GagdsHdabkhl
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et 2a011.3,; Gri ffith et al ., 2006)

The cutaneous involvement of KI'D syndror
neonat al stage, despite the reported ag
(Al varez et al ., 2003; Arita et al ., 200
St eensel et al . ,, 2D02TheNecohame ®eus afl eat
erythrokeravedeumougs opl aques, follicul a

pal mopl antar Kker at odergmaaiwietdh #&cahpae lgascat mecrei
et al ., O2mk3) reported cutaneous featur
porokeratotic eccring Cadtsicalonendctdearl mal 2¢
20%12)fol licular occlusion triad, featur
suppurativa @Mai nctyzstetc alcne 2005; NMadAdrt gc
dystrophy and | oss of hair anfdlmwvairlegz hlav.
2003; Binder et al . ,, 2wi0t5h |Coosgsg sohfalslc altp .
eyel ashes occase€agRinas 7et% aolf. ,c 1996)

Chronic cutaneous i nfection and tumour s
synd(&€mggshall. ePtatale.nt s20Ir3) prone to opp
bacterialncpashagbaytandt ceps o © cEisecsh,er i chi a

cobéer rmatricee Pcsemsiomonas aerugi no(ski rmmdar Peto

al ., 2005; Jonard et aanld. ,f u2n0g0a8 ; plaatzhiocg e
Trichophytonh@aunbdrsyra  iCosnr ado et al ., 200
Wil | iams, 2002; Twvae etnfelc.t,i oh0l7’s)sues oft
(Janecke et al ., 2005; Laziclet savVvere 26
septicaeimnat oecurés&t!| yeam ahdl Wikl i ams, :
2010; Janecke eeéet adl ,, 2P068; JBbaddan het
complication was reported to be the majo

KI'D sme{dMaog t in and vanS&seepsiebil 20y 5)0 i
the proposal that KID syndrome shoul d be
from anmhated ({ honnmelklyy et al . and0db2; f Mame
i mperfect egdgiMhe mmal eliaradi.er 2005)

Tumour sl eaae &eat ur e( @dg KslhDa Isly nedtr oarle. 20

2011)Trichil emmal tumour s, ranging from |
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proliferating t(tKimhet eamina] 20D uaNyweallilst:

sqguamous cel | cBRecgmamaet SEC) , 2012; Ma
Mazer-Blaurivi et al ., 2007; hBakabreeeat dalk ume
Strikingly, in some cases, wi despread me
decade( Nyquiidte .etThads,, aOr0erf)ul , l'i felong
and a | ower threshol dcfadr edicagmont iod Biuay
i's recomeggseidal I. et al ., 2013)

1.1. 8JB2he causative gene of KID syndr om

Il n 2002, Richard et al. GJXBethiaf hadniedeéreml i
with KID syndrome, providing (tRhiec heaarrd ieets t
20Q02)A single case of KI'D syrcGdrBggenee chas ec
since beedhaneepedr dheodcel\VvBRemt hs t he maj or cau
for the Gd®BRdliadatned on chromosome 13q1l2,
chanrfnoerlmpirnogt ei n knowrb asExRG)mMarxd nerthi al .

gene has two exons, with the first exon

second exon cont acondinmgg th&oglelemnamwde Wirloltesd k
GJB2s expressed in multiple organs throug
and connective lagges ahdthBbegephidemm)s

follafcl ekeArsiktian et al ., 200her Doreeéalal ey
(Ri chard ,etplal Ga b t2a0e012 )e tn equiIN.a,g g1 3 & )ad . , 2
epithelial tissuestomatheg paBopbagustest
sweat gland, | acri mal dIMd rcch,o npiettuiatlar,y 2ai
al .,. 2015)

GJBn2ut ati ons, however, are not only | inke
156G6JBAut ations haveybeéeeomild nkedritrog | oss
syndromic hearniKreg sledss et NAGHL), 1997The&Xu a
for mer i s assksionci mdteldolwgyh and ectoder mal
latter 1is hBarnggcll @assi fomnddnas KaDSEkndono
been t hustof alr2 IGihBedsttiTamd eall. I)nherited
aut osomal domiomanthi mammeorj.ect , a thoroug

bet ween 2002 and 2009 was undwirttha kgeenn, o ti ynpc
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datAmorndie 12 ,mud.at4®@sA, which | eads to t
acid for asparagine at codon 50 (p.D50N)
for 47 of aebhted6r ¢The®é&HIs consistent wit
the | argest E ur(oNeezaenrHepaatvi emt e tc ovthlo cth 2 @@ 7
12/ 14 (86%) patients carrying this mutat.
l ong | imited t he -plxepn cotryappe omo rarneil gaetni @ ng @ &l
that papi &dHE€ wmutpatAB8NY usually die withi
bi (Kbbppel hus et al . ,, 20WHdr e &Si tDibd@diNe awiptela.
to have a n(oMarad rfHhaufkveespan al ., 200hj) sSal
above information indicates that the p.D

present study ai meds paetc idfeivce Itohpeirnagp ya fnourt ak

Four other SHL conditions wi taht ioovrerh aawepiar

been | i nGEBRetne,t lwéhi c h -liinkcel uideeh thhyysotsriisx wi
( HI D, MIM 602540) , Vohwi nkel Pymepmho myg (
syndrome (BPS, MIM 149200) and pal mopl an
MIM 14835%0)mil ar t o KI'D syndr ome, al |l m

syndromes are-ndcrmiemdntde sSiumbglte tuti ons w
c.125delpAES)GTdIpl..e Thedge syndromes were in
independent coatddet i gnesuped weHleD tawod eWns i
BP®PKD, based on t heLem | amed | 210Nt e ® h g ¥
HI D, featuring spiky hyperkeratosis but

to the p. D50ON mutati drnatnha&GteedaletefaeéKleb RO
S 0me KI'D syndr ome patients wi t h p. D50N
abnormalities(Boaedesonaeul ahood?210i0kbe wiNe®,
VS mani fests as-l iskteepal moplegcwoab Kker at o
constriction buatnodasmprud sau li(tdfrenegs tirndma&, ¢ al
wher eas BPS displ ays relatively mild PP
(Richard ptthése @QO00d)tions turned out 1
mut ati on,Alee.x@mndS i no Feutr tahle.r moBE®®S )amn 0 & hie o n
onhe same residue (p.G59R), along with p
PPKD which is characterised by milder de
or knuc(klloes spaadest al ., 2 0S0u9%;h Lae opnhaerndo teytp iacl

among the SHL <condi GJ Bfatsncitnidoinc aitse sv drhiad
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dependent on the

consequemoceawi dohé& b

natur e

e descri

and
bed

| ocat i

on

o f

subsequent

Tabl &JB2ut ati ons | inked to syndromic heard.i
Phenotyp: Mutation Mutatiiclinical fe
(cDNA) (amino
Ker aite itk c.326>RA4G> G11E, GDeafness, 0
e afines s c. 40A>T, c N14K, Ni mpair ment,

c.50C>T, c S17F, lhyperkerato
IR c.119C>T, « A40V, G(generRPK se
c. 148G>A. 14 D50N D5((stippled),
c.148G>C, D50A, Adystrophy,
infection,
( Co g gesth 2a0I0. 3
Hi s4 1 ke c. 148G>A D5 0N Deafness, h
ichthyos.i (generali se
cobbed s kPaPKe
SYmeT @ me (Van &t @l).2,
Vohwi nkel c¢c. 175%G>A 19 G5%S Y6EtDeaf P®Ks,
syndr ome c.196G>C,*( D66H, G:(honeyddkmb,
constrictio
(VS ( Ma e settr 1a919.9,
Ba-Pumphr c.160A>C, N54H, N Deaf P&Ksnj | d
#
syndr ome c. 175G>A 17 G5 9&59%R knuckle pad
l euk ol R¢ béhim
al2.0,04)

Pal mopl aic.125del AGGE qE4 B5%R Deaf P&Ks,
Yar A 6a@] c.176G>C, + G59A, H ( He at ehtc,@a018.0
c.223C > T, R75W, R
deafness . 386GxT 54 G139V S1.

c.551G>A R1840Q

Not*and ndi cat e

entities are shaded

Abbrevi apadtmopPRBK} ar

i n

dar ker

keratoder ma

colour

shar edd DmuatfB R- MK D b y T IKé e t -

anc

The renaiBAuhgti ons
domi N&SHLMI M 6015414

ar e

)

ng

linkdMdiMtB202¢@)s s

account i

ng
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mut at(iXainsand Ni choTlhmane NRIHIB)mut ati ons, i

n

N T

onsense, frameshi ft and i ndel mutati ons
ndi viduals with congenital heédChaggl es$ s
| ., 200 3; Kel sel | et al . | 1997; Lee and
017)Thi s study, however, focuses on KID
1. Burrent treat ment and hurdl es

The current mai nstay ofi ntcrlauadterse na cfoomb i K

jﬂ

f

mol |l ients, and topical or o(rAavls hraeltuimooviad :
I ., 2014; g0 & 38 Ahmeolnlg alti fdler etnrtetoirm |l haseth
eported to Iimprove hyperkeratotic | esio
ear(aloo et. aAnt i f200xRa I and antibacteri
nfection control. For-ikétammat 9y yt hgens
opi cal corticostercdieddlmmmaldacyetl amgp or i M
mpl antation of a( Boewmwnetkawlat bp2@k@hpoert
eafness, cochl ear i mpl antation has dem
earing, spaeeehslindl $ angAradtl|l eastal ni néO0d
l, 20HBWe voeprer gptoiswue habilitation can be
uch as infection, poor wound healing, S

egul ar skin assessment -apdr mbhaglement al

maj or cdolail hieo@gle pmactice is the develo

ccurs in around 20% KI D-4pRatyjfehatssudpat eve e
0Oll)and metastasis of SCCi ahtluamhiasn ahmtv e
een reported to occur (eNwegrnui G @eft)e mtlh g e a
atter report, the authors argued that t|
nfl ammati on (e. g. follicular occlusi on

ransifor man patients with KID syndr ome, |

or mati on I n t his condition S not yet

mal i gnant | esions at an early stage is ¢cft

t
F

u

he baslkemdt btyiperpl aques, making early bi
urther mor e, the mol ecular basis of succ

sually not understood. For example, an e
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applicaaioat wnoihc arcd gulnmeatsesd v@ex 26 ,upt he pr
GJB2in the skin of (hMad@®rdga hetmaalt holulghld &
the molecul ar basis for good aei paetents
(Patel et al., 2@&k5;noWo lbfee nets palc.i,f iz®1 1)y
treatment may potentially ednehiameret a&lx pmiets:
GJB&2l | el e (see bel ow) and could adversel
argued lyevthermand. Whs tean abDtlédnative the
present study ai msar @petded etl togr ap ynuft art i KInL

1.2 Connexin, hemichannel and gap junction
1.2. Conxien: nomencl ature, topology and 1|

Cx26 belongs to t he -ccoonnsneerxviend ftarnainlsyme me r
family consisting of 21 members in the h
nomencl ature are in use,ghdnefbaod@&xn nt Ipe
system), and the other bP@séseydsltelu mdare a@sred L
Gilul a, 1919 2g | . K, LAMa9®t6 en gy at ber system, coO
are classified into five subfamilies: al
(GJD)epasndGdm) coOHKaoeainset At .preddrdt), t he
used for the names of connexin genes anit
produWitilsl ecke and Noel sr@iB2@®@@7)mMeodes a

conneximotCai2 with a mol ecul ar weight of

The 21 connexins hvavieb uar ctormamosnmd mlpred mey ys e
TM4) connected by twbBb2)examcacal cytapl &9 mip
al ong wi t-therami naani n(oNT )} eamd nal c 4§ CH 9 x ydlo ma i

oriented towa(WMMaedhaea etytapl asm009,; Sanch
(Figur.e Hi.gth) | evel s of sequentced hiomolad ¢
transmembrane and extracel |l ul(araidaoma i2n0sO 6
with the exception of the CT domai n, wh i

sequence and si ze, (Adgiemg eftr @&rhi 23 20 @& § P
t hought to contribute to uniqgue biophysi
(Zoi dl et Ror ,i ROOBNcC e, phosphorylodti on
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connédg8i (Cx43) tightly I|links to its protei
assembl vy, trafficking, clupteteng, i ohant
(Aasen et kit ,C2P8&86)the smallest connexi.l
considered to hawnedepemhenpghoreylddat@aiudr gt ma
1989)Each connexin has a unique |ife cycl
bel ow) .

El E2

Outside cell

Plasma
|l membrane
]

N14KY @) Inside cell
c12r @
G11E L
NT | N
\\\\\\
O
Figure 1.1 Model for the topology of connexi

Connexins share a similar togfolamgyme nmibarkainneg pG:
t hat has four tran3$Mdmbrahe Hompsnbe{ WdMén TM

as between TM3henfdi rTsM4 ,amd esecond extracellu
respectively. The | oop between TM2 and TM3 i
termi nal (NR)eramdcd adar(bCorlyyy ldomai ns, oriented
depictedx2®Al mutl&2nt& | inked to KID syndr ome

concentrat edonsenwhed hNDhdryd E1 domains, with
and p. A88V (TM2) .

Connexins are found in vifBruwzzgnevetr yalt.
I n general, connexins are syntheasnids edtheinn
transported to the Gol gi apparatus, wher

connexon before trafficking to the pl asme
mi c r o t(uLbauilreds, 2006; 2Mddt i Naaits a&md tlhei rpd ,a:
me mbr ane, connexons can eithedodwumndt iaon

compati bl e connexon present on the cell

gap junct(Fogun.éamhwrgtther mor e, gap junctior
to form a gap junction plaque, a matur e
Connexins on the cell surface are gener al
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hal ffe ofiS5mnd(r/sall ®n and Goodenough, 198

Thomas &et, dalo.l,l o2v@®@W5)by i nternalisation ir
internalised gap junctions formed a str
connexosome for | ater wubiqui(tleniatth.eo,n 2a0On1d6 )l

Nucleus

tl

BT s

&) —

E
e

Endoplasmic reticulum

ok
[ 11177e

Golgi apparatus
Docking Transport vesicle

Assembly / @ Connexin
%l E Plague Hemichannel (closed)
=ik formation

% Connexon
= Lysosomal

OO0 OO0 OOOOUOOOO0OOOO Y £

degradation Hemichannel (open)
T Fader Gap junction channel
Connexin =%
] s Gap junction plaque
g ('/ N \\," ; 5 Annular gap junction
cens " o metanaes
Figadre@ Schematic of the typical l'ife cycle o
Connexins are synthesised in the endopl asmi
apparatus, correctly folded connexin subuni
connexons. Con nterxaofnfsi ckreed tthoe t he pl asma memb
along microtubul es. On the plasma membrane,
dock with another hemichannel from the neigh
Hemi channdglhe cognme@dtasm and the extracellul ar
couple the cytoplasm from two neighbouring
mol ecul es. Gap junction channels can aggrega
jmction channels. Connexiinvse danodn gtahpe jcuenlclt isounr
span of a few hours, they are internalised t
foll owed by | ysosomal degradati on.

1. 2. ap juncti ormeamh armmalnednd

Connexins have been s{Rdveld &asky, KalsnheHH) v
the principal protei n ¢ o(nmApaosneenn test o&fh eggaep2 O

channels form a conduit between the cyt o]

exchange of small mol ecul gsElwigtain ga,emo lad c
whil e undocked hemichannels directly con
space. Both f opersmedblcd atroor eMemr Biaco(esn',c | udi n
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K*' 203 met abolites (including glucose, I
adenosine triphosphat ehoOo&phatcecliod adena

guanosine monophoMPhat al 6 0é MRiBaehvdatmcs&l o RN
1998; Gi aume et al ., 201 3; Kat akowski e
Ni essen et al ., 2000; PaytomWwi ¢th alhe, pIo2®
provide essenti al el ectrical and biocher
junction channels are welllulraerc ocgonmnsuend cfaotr
tissue cbo6beddmantieonal ., 2017; Lawrence ¢
Srinivas .etl nalex,ci2®ln1)e cel lesl, | s, gt.he aeldd
coupling functions to generate rapid anc
excitable cell s, e. g. skin, the metaboldi
coordinat éMeses po.nalehse,s e2 0fOu7n)ct i ons, <col |l e
junction intercell alrear i codmmpreincatil eni (GJ I
proliferation, diff er(eBretrigeetri cent,T hd psg ptADSLid:
wel | supported by 1| ethal or severe deve
geneticall y Clodamkiimmogn G&xt2 6l ., 2002e¢t Dalcke

19983 443Reaume et G@QUUBUJEDOr9I S5eptCxaq0Whi 2606) a
1998)

Il n contrast, hemi chanmnevliizwlbkave ca&l l ssar el
packed and henicentavendalwelasma ime nvbirtarnoe ¢
cul ture cdSncchiatlipcerrs et Thad s e @a@rBMme | st uhdd wea
extensively isn neileedthreoplaydii@lsagi cal analy
Xenopoasytes expre@xs4(6Paruée x ed,e nmodulst ulr 91 )s o
horizont al cell De Vroif e st ha&endc a8 d d wdrktaz ,e I *®a
(Mal chow et wdlich H®e%92&)cted an out waanrdd me m
vol iddegpendence colnfsiet emat gapt [ d\artii eosn arh
Schwar t.z ,ralt9e8gplnenel st udi es -mammammahi aal
expression systems found factors s#ch as

concentration can regul(8B8u&atuls& asc taindi Ve r ¢

Del mar et &uryredbly) it is accepted that
junctional hemi channels predominantly r el
codi t(iBremmsnett et al ., 1PWt ;| €astrenasoktt
mechanisms: i) channefP'abdéMyiaid)r gbuysslteaxtti roan
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modi fi,aadi ons ) negative membrane potent.i
(Johnstone et al ., .20h2e cRotsbmeni cbanaéel s
cel | death induced by passive | oss of 1o
persistent henfiCahracninae | e.to plwiervg2 Q 1 6h)y per a
hemi channel s hassebreieens ionfplhiucnaatne ddiisnorader s

| ens, nervous( Rgtsd manl, ,eatnadmdh.etahre Orlébl)ev ant
wi || be di scussed bel ow.
Each of t he 21 identi fied connexins i s

(Sanchez andAVYemsneladsed20®&4rl of compl exi
junction channels can be formh8eévhyps met e a
1998; Cottrell and BurHe mi2dhan n Klosy ad o mp 0 <
type of connexin are known as homomeric |
more compatible connexin typee@EsFiagwer ¢ eX .mz
Moreover, two identical or di f+4 édreadt ttoy p

form homotypic or heterotypic gap junct i

Hemichannel Gap junction channel

H . H i H ) Homomeric Homomeric Heteromeric Heteromeric
or::\o:;enc DI’ED;I;I)EI’IC cet;:;;(r:n:;c Homotypic Heterotypic Homotypic Heterotypic
X X Xeo/tx Cx26 Cx26/Cx30 Cx26/Cx30 Cx26/Cx30

Figure 1.3 Schematic of different organisat:i
Connexins can as-a@mblhetto oimer mchodmmi channel s
can dock with eachndt hetetot fpiran daommoj unct i
represented as unfilled cylinder s tahnadt xn3l0y i
compati bl e connexins, |l i ke Cx26 and Cx30, ca

These het earsosgeemnmbeloeuds lcyhannel s have biophy
di stinct from thei(Cbhbomogéhoasdbd8art ¢engad
hal if fe, il onic conductance, gasg e Ingct ipwir tme)

speci fic mol ecul es, and respamsaaehal eny
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i fications. Chronic exposure of cultu

wt h f act orasd was pfrowmrdke stslkd uviejeilaoksas, eotf aGJ
er found to result€xfdr3o ne xgpmr eeslse want iracamn i
stimul us (0Gotgtrroewitlh eftancasourpsp &r0t0 19 f t h
dies by others showed that het er omer
amically prevented the intercerldatl,ar
h ¢cGMP and cAMP passed nor(mBadJvansvieat ha
8)The abovggevtidenbaet suthe formation o
vides functional diversity in cell ul
pective tissue types. TFrheeg wlraotceeds si N sr e
di fferent chemibcal (efgamgaowerly Bi gna

g. mechanical force).

Bunctional assays for gap junctions
C can be measured as intercellul ar C
ctrical( Addmduc tean dablec efl #Wre040i8 ) dye tr ansf
ortedKamndo®&md L oewhkngappignumeldnaoinf | uor e
wasjmictedi i nto a cell without affect]
t he dye t o t he adjacent cell (s). Tt
meability and selectivity ofdc gu®l gdinc

| sr) . dyleattag ansferhsitgde € ssempl(aSlcglcy apge

al ,, elLesv7f{&ppt asi egn -paola.disnd9 B(daplwn as
achut ¢ Goal sdshaeyr)g etand !l f,| uar9e9ssc)enc e re
t obl(eWacdhei negt , adl |, 49i8I6l) i n use current
ctional met abolic cooperation can be e
l s with a radi bdllgbet(bGod dbree gu restooal .e.
turing the cell 1 Wwist h oumll dbevl li ed er eell
abolite, followed by autoradiography
ce gap junction perimehbitltstel eotrried alt
baci et sdaln.gl e2xth&)nnel currents and ga
rs serve as further measures g for (

ctrophysi ONegtoal amdt Ribpdet mann, 1985)

32



An

r

r

ou

me

S u

t

h

bi
ad
el
20

co

f

u

an

co

1.3

—

(@]
> S5 T

-

t

alogous to GJIC assays, h e mi ¢ huarni nnegl a ¢
ansmembrane dye uptake, per mea?i laintdy t
ansmembr@8ehalupeene8oliltar 2008&8N)I1 s are c

t the contribution of gap junction <ch
asures permeability of & §lponeesctendn d
ri®aeel et a&ali kewl8@l) open hemichannel s
e extracellul ar ?*s pwlitiec handani ndd uxeadi |G
ol umi nescenc?& mmaegtihnogd, afn@s p@ac haveltyml .,
dition, transmembrane currents through
@pthry si ol ogi capamehhotdampuahSaewll tedgealc

08)Since each of the above assays has
mbi nation of different assays i s commo
nctional information. This al so lhel ps t
dmihcehannel s for h&dhalypeoranakxad s e l28Dt0i8Y)

nnexins.

Connexin and skin diseases

. 3. The skin and epider mal barrier

e skin is the | argest organ @fodtemeni sy m
rmis andNeptilderentiTshhe . hyROdDEO) mi s i s a | o
ose function is mainly fatnrstcar,agdkensT
nnectcoeaetti sasng bl ood vesselandnduppl yc
trients to the epidermis and its appendct
ir follicles. The epidermis is the out
uamous epithelial cell s (kermat iTrhd csy tbeas
otects against the body from water | os
ermi ciansul ts fro(mBltahyechaech vKe losadleIsft 02 @4 X «
e epidermis has four | ayers representir
e basal, spinous, granul ar, and corni f
em cells which differendtaiyaetres tconnte mawu
rmi nal di fferentiation progr amme I n (

e

mai ntaining the ibaegMertyiofet Coarapiod @t &
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the name given to terminally differentiat

and al ongenwiettlopeelproteins and intercel]l
crosslinked, these provide mechanical st
Keratinocytes from | ower | ayers in the erfg
junctionahatrotee mgthremk £ chle .dtaeali et e0 0 8 )
the barrier is @élgasadliyent i nknedt hteo egpi Gar

keratinorctyit @t domfam@Bsepi dt satcret20h5)

so essential to the maintenance of the
Xus, a complex junctional netjwonrckt icoonmsp
d gap (jMamdtiinomrms The. pradadoé“dh constituent :
nnexins and cadaheryi nes ) prarsesedi fttheroamthio
mpat €€mmeair ko and, Landdcada013) eract with

tructure known &as aeguhaticechBRéedh@dmse tf I

o

13)For exampicadh€&x4d dmad cBbmponent of at

® N VW O O 9 S >
o o S o

Ssocifadeat anatdth graenns junction prlot(ea nt)i gahnt
unction scaffold m@rcadet emi rt)y(t Loawilkried e T2hGaG @) t
i nteracti onmo duleatteé otulgen-tceyt rba midchse sa fo nc e Inli ¢

[S—

proliferation of keratinocytes which is 1
(Martin and , v an0 1IFsuretehnesremo r e desmosomal
desmopl akin and plakoglobin also associ af
of keratinocytes, contfGdutodgand .Gkeicthge
Mut ations disrupting thel assdo ckieataitam fdtl
known to cauf®c6G6kanhfetgal ityl997)

1.3.2onnexins in the skin

1.3.RPififerential expression of connexins
Since the epidermis i s ancoanwmasxdudtsalrd tt icse
junctional sites allow communication wi-t

|l i kely to contribute to the propagati on
stimuli damagd @e t hel Takrardiaf ieetd Aatla y, era2s0tl 4

connexin members (beta connexins: Cx 26,
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al pha connexins: Cx37, Cx40, Cx 43, Cx45)
epidermis (atDIimRNA adlevVhBERBOTONNEXIi NS ar ¢
expressed at protein |level (Rrougdwit A)x h

an overlapping expression of multiple co

epider mal |l ayers (Cx 26, Cx 30, Cx30. 3, (
connexins detected in the wundifferentiat
Cx30¢Choudhry et al ., 1997; Marktmncent mast
connexins are barely detectable in the cc¢
by i mmunostaining, are consisteph€Caputd r
and Peluchetti, 1977)
Superficial
cas | Tt L1 (s s | s e
x (e e e e e
= |ejeeelee
| | 0|0 0000
Cx30?| Cx43 '1‘_ d; ,-r;- ‘__.~ '_;~ ‘W;_ri | Basal layer

membrane

Figure 1.4 Schematic of connexin expression

At | east ten connexings mase &uapghe DN eixm nhi me
overl apping but distinct spatial pattern. C>
expression of Cx40 and Cx45 extensively ove
present in basalakdr@x8hoaykteexpfCre86e8 in t
spinous | ayers. I n contrast, expression of

granul ar | ayers, although Cx30 has been foun
al . 2002). Cteattiadms giem eftiivce nmuf t he connexi ns

have been implicated in skin disorders.

Cx43 is the major epi der mal connexin ex|
|l ayers, with strongest expression found I

weak expression (Di basabl kepra@dwWihogs tfelsow
study showed that 10% of basal keratinoc
Cx43 and these ceddrsr ehsapdo nadh anrgdMet toe Ics tssttm cas
2002)
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1. 2. 2onnexins and the epider mal barrier

Connexel nisnvaorl ved in keratinocyte prolif el
essential for epi(dChronuadlh rbya rerti earl .f, 0 rln®at7i; ot
Lucke et. allfThe mpBOBSEnce of functional ga
confirmed in the intact human and mouse

epidermal -dempmadémienper meahbw,l iat ygatpo jLuuncci

per meahKandyet al ., 1986; COalmtemsmedet alas o,
permeable to secondamk’E@a@zr et,s avwhho saet 9 ¢
signalling is i mpdritfaemrtat i mmtkieatBatldtned daatrde
Mauro,. 2T0Mé )Q@anal | ing is involved in the
Cd*gradient, which is characterflseewcel byasa
keratinocytes differentiate, with a peak
extracé&lilnulthe Ca¢BIi &yeédn!| ayer Ketl sall..l,, 200
I nterestingly, in the épicoenmxsn elkerdbs
1. d8nd G¥FbComon eeeml tp 1988pw a similar g
l evel s found in the ggparneusleanrt liany etrtse elffhil
contribut'gadioenthe Which in turn regul at e:

di fferentiation. This hypothesi-sermi aapp

mut ation displayed defective epider mal |

per me g bMalaistsy et al ., 2004)
There is also evidence of the i mportance
ot her diseases, such as psoriasis. Psori

characterised by hypedipfrfodrignretriaatiiomn amfd K

wel | as di s’tgurrabdai necnet oafc r @as(sE | esphiod ezr neatl d la.
Garcia et al ., 201.6 ;- UupMewmloattxi@adrd idsfl iaa h,al 1 9r
psori at(ilcabersétonasl . , 199.8;TrLauncskcer ieptt cami. c,

|l esi onals p&komi &3 opsi es fGdBR2xXpmassiovm) 19
compared to negnhal estkianl SbgapOslidc)ant chan
conneexnies gver e al so-rfegud dGJiBGECxIB®00il Y apd
downegul aGJiBMUEx80-f8)(d)Y7 et al ., 2014, Mar t i
2015)A | atwi dgememe®ci ati onngtctluegtildekeadr i
GIJB2s a predispsasng factbe CR®umese. pobpul
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I n a transgenic mouse Bh udlge osuprakpsabs
| ayers was sufficient to induce a psori
i mpaired barrier i nt egr(iDtfyal ahdamnnElthaemmat
Ssubseqgunoenndixtpreor ioome ntt ke mouse keratinocyte
hemi c hdeenpreenldent ATP rel ease that stimul at
and infludhefseCalata suggest that hemicha

epi der mal barrier.nolrnmadrleystexgl gsselx 28t
undetectable | evel i n the egpil ddremdi ss,i ghmu tf
papill omatous | esions | effdatckd kyanal man 1

exper i merdtuxleldy( @BGounder andabthdultjon99b6) ps
l esi(dmdarthe .etAlalogethe®8)these data i m

channels in the maintenanaoéd aofr etglud ad p iode
signalling.

Finally, human mol ecul ar genetic data f|
support for the role of connexins in ke

Mut ations in fG¥BEGXEBAOIBEIBGEI A& mrac,0di ng Cx
Cx31, Cx30.3, Cx30 and Cx43, hyemserelcarn ated ty
skin d({lsiolrlderest Odlh.eyr 20WHRRs $ hei 4 @ SHL co
( KI D, HI D, VS, TaBbAH S, CRRKB)X on syndr ome (N
hidrotic form of ect oddédiymaPIP Kd yasnpdl alsa iar) ,
abnormalities, S IGiJBlgelda ma ot i met a.¢ i o nasl
Erythrokeratoder mia vaPr)i al(bMIIN s6 @28 2p& odgb Ce
617525), characterised by hyperkeratotic
been | GHhREd cthaar d ,63 BdMa.c,arli9 9Br@a gle,n e2s0 0 0 )
(Boyden etGJaAHas 20%b5) been | 4hnykpeodt rtiac hloesi
| eukonychia totalis syndrome (KHLS) (MIM
hyper&t osi s withWangaet. pWhinlo2ty pteBhese con
a common feature of hyperkeratosi s, t he
presentatage ¢f.gnset and distribution o
i ncl udi nmgneldemincdhagap (jLundtyi een Eead. h, ve2plyldee)r
connexin therefore rhuatsatuinongsu et hfeurnecitni omasn
di sturbances in the epider mal architect ul
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1.3.2o08nexins in wound healing

It is becoming clear that the interplay
Cx31, Cx31. 1, Cx 37, Cx¥dlbe apdo €CxAB, ofi swo ur
(Becker et al ., 2012; Churko Badl yadada

rodent skin showed thati48dupwaeuo diimigt)i,a |IC x\
and Cx30Oegukaued in alktl tédepi deacaingl aspeansgs

Cx43 and Cx3krgl(®&@ddunwm et al ., 2003; G
I n a human wound model, although Cx26 an
wound adiging initiBalanwonend eltedll isnd20dai
subsequently showed a gradual recovery

Cx43 expression was barely det ectt awilteh at
results from rodent models. The expressi
epithel(iBrlamdnaronet al .20 0230;0 4G0 IGoguetri nahnod el
The reduced -nmedviedt ealf dgkl Ccoupling- corre
regul ati 0Golbifg&€&x48nd Pa@bDP319Wh| gKtdear at
is now clear that the mwokedi ag¢ gdad@nd on:
of Cx43 and reduced GJIC activity at t h
mi gration of ker at i noelylt ensa t rgheglsléadim c ivin qu i
binding partnelf Mazdna ®dcuwalludenr®14,; Pres:
et al ., 2017; . WAisghat retsuadlt gy &«2@ hE htho ciy h e
margin and then proliferate and differeni
of Cx43 -edpuirtihnegl irael i sati on can enhance dif

pr omdtaitreg stages(€@huwkandt hah!l i ng010)

I n datva from transgeni c mo ussuep pnoordie Ifsorh atvh
of Cx43 in woufrld®RhWwHdtenghatnh&d48n 85% r

expression ahdveclol | Eagues reveal ed short
compared to that( Krnettzhee.twilddd.tagydp0t0iBome Kk e
i solated from an oculodentodigital dyspl .

wi t h Cx43 p. G60S mutpt 0lbinf esrhaotwieodn eannhda n d
(Chur ko et Tale.s,e Z01In2d)i ngs are supported b
in -meal i ng wounds from cCBramdmrer detabalt. c
et al .., ThoGea)f i ndings |l ed to a hypothesi
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may accelerate closure of chronic diabet:i
| ast hewedfeocused esmpetchd iwsa ndhfi bCx403F s. R
Cx4s3peci fic antisense oligonucl eotide sic¢c
and granulation tissue f omranadati edh raerga tailJ .
such asnat hBlar et al ., 201 2; Mori .et al
Likewise, in multiple studies using diff:eée
mi gration rate of keratinocyt esmiwmaet iacc hi
peptide. Thes€ehamese Balpbulaesd Hap27 that |
domai ns, and modul at e i ts channel act i
express{baspleart ez et al ., 2012; Kandyba
Wang et al ., 201.2;EnMrawrHed giienigc aplir.ecdda & @00 & phwve
extensive devel enpmmeentti co(fB enpokvieedle sCx 4a3l . , 20
al ., 2012nd Lloshankasno nge c2zMi4)y, Grek and co
effective and safe oUCTDmeamihBd calciindi cpadp
mi micking the CT domain of Cx 43, for t h

cutaneouGGrelaret ngl . , 201K, plcaek 2tt rail al,
under way (Clinical.Trlinalc ognotvr,a sNtCTtO® 66X B2,
in wound healing is |less clear (Martin 20

cebdsed model s.

1.3.2o0AdAnexins in cancer

Five decades ago, |l oss of GJIC wascéllst
(Fenti mawPapddi mitriou, 1977; Johnson anc
and Kanno, 1966; Mc Nutt and Wei3isdeeaensf u
cloning of connexin members facilitated
t umo(uUAasssen et al ., 20 1E6a;r | Gr enko rekt ianl .t,h e2 01
ectopic expressaneRri o Nmpeglefto mda.l,. ,1 ADD;1)
or hepat onkag hhboadel ssas asuf fil®@®i9dnt to I mpro
i nhi bit tumour cel |l gr owt h, |l eading to
suppressor s. Consi sitregqqt Agj manul modeés seud
expr essodhgndtoisosn mut ant of Cx 26, Cx 32 C

spontaneous-induchdmlaoab]| yl i(vheas eam de tb raela.s,t
Naus and LaiTrhde, p2®@Ilplb)sed mechanisms by w
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t umourh girnocwtude the propagation of death
regul ating 6peanfgietkahase002; Krutovsk
al ., 2015; Wang et al ., 2007hb)

However, it is currently evident that the
and i s depende(nGhem etunaolu.r, s2t0algbe;u nZohuarn gt yej
(Yang etamd .coR®dEPnekubtypgFh.rsed2®0r4) by |t
col | esahgouneesd t head u ss uibrcjud atni on of mouse mel
exogenous Cx26 | ed( twoo eat aanha & htn@dadsks taad s ir:
the exogenous GJIC between melfaammimai tcaetlel
(rather than blocked) intravasation and e
exogenous expressionmeke@Gxhymaeveraeadfopi
and reduced cellul ar r es(iYaut aenc ealtwd e c2i0slgdl)
exogenous expression of eQx 2t6h epm-rogmeofitisetdia matM
(Yang et. aThi,r 2,01&9gntrary to the finding
expression of Cx26 in breast -« amhoepagrrtcye,l | s
suggestispgctiif$sue umoMal ascuhplparne.sestiriommlal | y20
contribut-1iodepéndsentC events may exi st, s
connexin (Mceémabt ame et al ., .20T0he - cZdhmtnex
dependent tumourhasufprreas sSiewd ¢eaNafdeccatx e d u |t
2016)

Connexins have al so been i mpnheilcaantoecdy t i 1©
ker at tdredgd wteel t uanmodurlsa g a&SICCc el | carci noma)
Cx26 and Cx30 expression andHaamrsisalklty ade ¢
Tada and Hag$h)Smoi &j ngly, in malignant mel
of Cx26 and Cx30, along with Cx43, was e
drasti-tadulyatuedd eirnmatlh ek eerpat i nocythHasasasdj ac
et al).,, a2n0d06such expression pattern was
Haass &et).alThe 2ab&&nce of Cx26 and- Cx30
transcription pohym@&MRIs e ecshiditrs Mfeam it wo
Il i fZsucker et Tales,e ZAGInA)i ngs i ndicate a r
interaction between mel anoma and kerati nc¢

by Hamads cololnead@uesuman mel anoma tissue s:
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correlations bet Wx@B/tCk80akx\ype eissdwanegat
vertical) in the epidermis to metastasi.:
respedtHiawaeslsy et dhe, aB0OhO0)ys argued that

expression adjacent to the tumour <could
di stinguishing melanoma and benign mel an
ovreexpression I S known t o render kerati
(Djaliliam6aentd alh.e, r2Gul ting hyperpl ast.
proliferation anamap,r owghiech i iomd uMteC aeert grinoed «
al . ,, 280@Bnocess |inked to GJIC between me
(Hsu et al ., 2000; -KRaotldumaaaqi .eeT mdl. g b 2DA B
j uncmea dinat eestromauri nteractions may facil

cel]llseading(Boamdhast asds Haass, 2013)

Whiil e witturdo es suggest tumourn Ssiuppdr eads i,V €
Tittarell, a&dcuwrhul,at2ionigg)data i mply an un
t umo(uUAassen et al ., 2016; Bmaucmesrt aamd nHa .
mel anoma ti ss-uegulsahtoowend oufp Cx 4 3 wi t h p
| ocal (Razizen et al ., 20,11i;n Schirgagr ed meanlt.
reported byH#dasssebtahé, c00p)asmic | oca
reported iinndatlcemndi chaa nhsyt (eSa idttoorhg b ea, N8 C A 9IN7 )
mal i gnant <cystic trichil emmal t (UNmoquuri stti s
et al. ,l1 200F¢ | atter report, the authors
and Cx30 expression in addition to aber
Accordingly, statistical anal ysi sd ofo i mmi
correlations between Cx43 membr(dmasst &itn
al .,. 2010)

From the above cancer studies, sever al e
i nvasi on, metastasi s, chemoresistance an
addition to proliferatwbnchdhaveedmrteinatdie
earlier sections. However, no definitive
for any connexin. Thereforetargetisngod]! is
trial serf oraweanlteen (Dei maat ed ia .cdam2tédrlars)t

abolCad1l trials where Cx43 serves as an uil
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treat ment . Future studies are warranted
expression, whical sihohue¢ gt dlet asengaienmhae

an alternative cancer treat ment programmi

1.3.8x26 mutants in the skin
1. 3.8x26 mut aonfftuisnc tlioosrs

Typically, nonsense, frameshift and the
of tperion functi on. Nonsense and frameshif
codon, | eading to truncoGatBi2oal lo f mu thaet ipornost
NSHL arodf ulnocstss on mut ati ons that i mpair ol
with c. BBdeelhnBosbhte preval éhi tae €&€adc®&suans
contrast, mo st NG JsB2anuse rhwtt &t i NgSHKBL iamdl S
Ni chol son,Fo20lt3h)ose cauwslitnigngNSEX2 6 tmreo treei
defects in either trafficking, docking or
mutation was found to haveultataifdn cikm ngh e
appa(®uuset ,alwher2e0alsO)Cx26pwWLh2R) 5043 >4
defect despite beithmg fpodoasdat onevhbabrhet nol
20Q9)Finally, Cx26 with ¢.250G>C (p.VvVs8s4al
trafficking, forming gap junction pl aqguc
coupling, but has yedmpaidr pepgmeldtapresyaqga
(Beltramell o Aét halghn®REBBGE) ant s do not ca

cutaneous pathology, some patients with t
epi dé DniAsiamo et al ., 2009; Guaxtdalell & vat e:
Na+ GQiodncentr at(iMenyse ri nets vadheet, a 200I0@ns ar gu
features may be selective advantages, pr

i nsect bites and tr auma.

I n contr a&y Brluot aNSHln,s causi nnBP8PFAKD (andl u
KI#Bll D) arbeasse nsgubest i tuti ons qgd®) f hcompyi en
| o-aH unctnidongdfianncti on( Mat aitmnoas Tdleof,gaz hl4
function mut atHIloDh,s ,wiclalushiengdeKsicDr i bTeod i n t
dat eBP®BKD, with a shared characteristic
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mut ati ons, of which 11 are clustered in
residues N54 (p.N54H, p.N54K), G59 (p. G5!
p. R76Tabl.e Tiwol )f urt her E1 mutations, p. Y6
mol ecul ar signature for VS and are not s
been confirmed by a study uspegi ftiranp.glt
expressiomp, twhiatledasSall sant we ck si(mMBalkku marz i 5.

et al, ,i 2OI0OBJi ng keratoderma and constric

| t icsl emmaorw t hBBR-EPKHKBsmut&t iodnusn catrieonl onsust at i
a relatively ¢ghetoamdm@&bhaai sthh00%heMamp st |

widely studied mutant is p.D66H that cadu
expression systems, mul tiple | aboratori e
expressing this mutant, including defecti

plgaae formati omediatededy&JicOupling and &€
absent haemipemaremdl (ATe®e Bwadretmset al . |, 2011
al ., 2012; Mar zi ano et al ., 2003; -CRouan
expression with wildtype Cx26 or Cx30 catl
and cel I( Maog wp lainrog et al ., ,2098¢ggekxtuiamg ett
mut ant Cx26 canpéentenaeki wst hbwi fdtwming
and/ or sorting into (tbhe etamd .ga@®0jobnc tMaar
Such i nteraction between mutando@x@&ntanc
effect and -¢ehprtewsedh CheOcmsnarellmeee f atrncda n
White, Z0@9) att &ri renfefdectn waa sp .¢BoBrB Hr the U s e €

al . ,). 2DMW8 endogenous (wildtyplegc &xi3t0e dor o1

mut ant Cx 26, exhibited cytoplasmic accur
Similar resultotweile ViSe gdo mu e(ddnet o wpamtrd 5 H
et al ., RzCdaldippirgwehdat thenkBRRS p. N54K al so

the above defects in trafficking laintdy )GJ 1
i n aancd stomheant (Cx30 @Pde<Lx 48t d@hbarpelO
domi nant effects, Ssimil arvi cep tWwkose abbsee
recentl y -liinnktewdo nMPuRKant s, p. H73R and p. S1¢
with clear evidenteCaR6he€kdBonfeSehug eainueft a rar
2016)Finally, increased programmed cell
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p. D66 H mi@®ieaekwurtzis), ebutalcel 2088ath does

maj or i ssue in mammal i an -BcPRRB R KD emytrearstss
(Berger et al ., 20 1Wh;e t hree sass feetc imailt eaght 2 0 X 7
undrggor t ed or subtle in the tesateah sEeg st e

confir med.

Collectively, those data poiBPPPEDamds a
defective membrane trafficking. The traff
dockiinngwhi ch the E1 domain (where(Bast of
and Wang, 2011.4,, B@a®BX)a etesal t, there are
junction channels formed on the cell surf
a scenario -bimkedr NBEBLCwBEre gap junctio
Cx26 are edserct(iMamrlayi nneozn et al ., 22068%; Xu
Since GJIC conferred by Cx26ar eCxr3e0g uamd do
nor mal (hJeaaggenrg and Forge, ,20tlbe [EZbasmgokt
medi ated GJI C can ex-BP&PKDt pealLtehee aatnisdn g/Vhliots
20009) .

Apart from the above functional defects

BPEPKD possess an addi ti odoailnapnrto peefrfteyct n

expressed( Bcaokninretxziinss et al ., 2003; Mar zi an
Rouan et al ., 2 0.0 1;f Sshuucjha eeftd ppacid e ronePcBulr 8h &
Cx 26, Cx30, Cx43 and at | east six other
overall i mpaired GJIC and a series of do

Céd'gradient, affectfifrgemrntolaitfi omGoifohkaaad i
2016)Thi s may, in part, e-BpPPRKD thlei grhes e
notion is further supported by the skin
Ssubset of patients with ODDD, the Cx43 de
andtagi diut usual(lyaismpda,r Azxdh4gle nskenofus kno
function mutati onst dgromi nCaDD Di,tr admidayt st nvigoa \ni@
reported to have (@udantStoeans RIPKetfi ealt ur e?
20Q7)These Cx43 mutations display defect
i nhi bit ot her epi dkeamanantloy,ne xpienrst unbial

di fferentiati on asnhdo wna rdraineat yfpo cmatuil d ru,r ea
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(Chur ko et Fault.k,r ehOadox)d be directed toward
death in association to cy#8BefIPKDmimutand!sr
Pat hways related to ER stress and wunf ol
candi(dvaatretsi n et al ., 2014; Tattersal/l et

1.3.8x26 mutamnft sncgiaom

I n geneofhiunctgiaom mutations, nmaultad i bnewn a
rel ativel yonrtaerxet ionf tihneh(eRoirttehd ectondh ¢ s eh 8
mutations result in acquisitfirom off snovvéld

countekbepairt and. Whornt eex@M@lbge,t i @ai Mmut ati o

genei cgpodf or an i nnate i mmune sensor CARL
nucl ear -$Ba cstiogrn(aNcHi)inrgg ,t ol ean a U tSchiwmmu neet dail

junction ,pee .mgcaabusskiMtgy Cx(30i eps.t@I2Ret i ia) . ,

u
n
c
2017) n c onngeaxoifinu ngcetnieosn, mut ati ons can res
n
enh
et al,and20l6)) altered gamni 8ygnl@rnokpeedr td xe3sO,
p. A&ES senfel damdetkHALIBk ed2CR4Be p,.28BLN ) (. Wan

I n the |literatdgraé,n 96 meée na dsghaozudl idn fgaap acrotnnse

anced hemi channesly npdercaameeaibn ¢ i CoyRyopegpkgl. 3 0

as a trafianofi gai met a2e0llo6n)s; (fLorl-deyxmd mpalneg ,

i nhi bit-iopnked 826 p.D66H on Cxndo3 mailtlhy w
assemibite® heter og(eRoowan cehtanall s 2001; Thc
Al t hough the above consitdeer atuinocrt iiosn apgl anua

mutant as wel | as the overall fuobanoahl
function,(Mar arguetd! alnt B0 BnulthAaptsiiosn,s- causi
BP®PKD as well as ODDD areffuerct atoinv enluy ad
By <conctcruansutl,atai ng functional evidence has
KI#Bll D have enhanced hemichannel per meabi
bel ow) , and hence those patahsoggefiniuntc tmud rat

mut atrieovnse,weee and White, 200w kwndawnt iKn Det
syndrome mutations map to the NT domain
p. S17F) and the E1 domain (p. A40V, p. G45
exceppi ©6B8ON (TM1) an@dLee AB8BY WHMER¢, 200
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Ni chol son Th28&3 ) wo domains are daloufgdr

channel gating regulation or to form t he
closely correlates to cheMaeed etraleabi 200G
and Verselis,akR0l42DdB7rpddvasomet as ment.i
domai n, residing extracellularly, iI's 1 nv

essential for gap @Bam&si en a@ehanne@lDO0OBor Bat

Consistent with these notions, mut ati ons
exert a series of pat hol ogi cal alterat
hemi channels, | eading to the unique phen
1.3321Al tered gap junction comenunication i |

The effects of KID syndrome mutations on
with varying rfeounl tds fdletr @ha le laesGdaryR )nae tehto de
2016)Ei ght mut ants have bXemoaodbetreneg dn e d

el ectrophysiologi cal assay, the majority
p. D50Y) oaphpaevaer seitt her r entuwd ead eadr edlecdnti cC
(Garac et al ., 2016; Garcia et al., 2015;

al ., 2011; Montgomery etextept 20®4d ;p SNh4K

that appear to form non@a&ll yyof enctailoni 2
20DpP9 That Cx26 p.G45E forms functional g
Céd'permeabi(Btgngasemylah .t h @assca dmep @ydeé anrg, dy e
transfer astsagy (&bDTad-deented kéd oatnidn oac y t
reductiamrc dfucdariean Ye( Aniwt @ yet ¢alu.pli is2Za@0 6e)e
Wi tbBsuépoaltseadWherce et. aLat e20089¢ver al cont
were given by the parachute assay, anoth
ngat i-cvhearyged d(ydee, Ruweanctei et al . , 2011a; Do
These studi es reveal ed Lenh@mice dc dlyles cex
exogenous p. G12RDonnp! DyONtamat ambhts&n@ 2 dy e
in those expressing (edxeo gBwamnutn et N.a4Kn ma-f
keeping wi t h studi es showi ng i mpain r ed |
mo r pohga lecaabl nl oyr ma | gap junction pledduecsonftarc
by using mammalian cet hggedpCr@AYy p@k bdtus
al ., 201-8tm deet Zawa.r,t 2011a; Di et al ., 200
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al ., 2011, Mhaske et al ., -R8&ni3s ®©Ogawh. g
Terrinoni. et al ., 2010)

The varying GJIC results indicat-leintbhad g:
Cx26 mutants play an unclear role in the
greater portion of these mutants show al

mayecpl ate that the devel opment of hear.i

KI'D syndrome may follow, at | eastBASh part
PPKD. However, KID syndrome manifests as
accompaniined nbfyectki on and cancer, favourin
I nterestingly, sever al l ines of evidence
severe, lethal form of KI D isny nadiatomeer, a if log |
to those foymedCh6 wi5dong et al ., 2006
observation strongly indicates that GJIC
the pathogenesis of KID syndr ome. I f t hi
mut ants, onehanayheansiscuhmeennel s, instead of
the key player in the pathogenesis of KI|
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Table 1.2 Channel functions in reported Cx26
Cx26 m Hemi channel Gap juncti Ref erence
p. G11E 9C&*i nfl ux Not determ Terrinoni e
(c.326G
p. G12R yMembrane curr ZEl ectrical Lee et al
(c.34G gATP release gDye coupl i Donnelly et
yHet eromeric c(calcein) Sanchez and
channmedi nfl ux Garcia et
release) Garcia 20
Al tered gati ng¢
.N14Y yHeteromeric CZDye coupl:i Arita et al
(c.40A channgadlti nflux (Lucifer Y de zZ®Botm 2
release) Nor mal dye Garcia et a
Al tered gatin¢(calcein) Sanchez et
p. N14K §Membrane curr ZDye coupl i Lee et al
(c.42C Refractory to (calcein) d€&waS$ttor m 2
Insensitive t(Normal ele Sanchez et
coupling
p.S17F ZMembr ane curr ZEl ectrical Lee et al
(c.50C yHeteromeric C(mutant al Schutz et a
channpdli nfl ux Garcia et =
rel ease)
p.1 30N yDye uptake (nNot determ Aypek et al
(c. 89T gcainfl ux
p. A40V yMembrane curr ZEl ectrical Montgomery e
(c.119 pysregul &ti pH Gerido et a
Sanchez et a
. G45E yDye uptake (nNormal ele Stong et al
(c.134 gcadtinfl ux couplinig a Gerido et a
Altered volta¢coupling Sanchez et
Mese et al
p. D50N 9C&%i nfl ux ZEl ectrical Lee et al
(c.148 gyMembrane currgDye coupli Terrinoni e
AlterredgQaati (calcein) Donnelly et
channel conduc« Lopez et al
gating Sanchez et
p. D50Y yDye wuptaloeai(nfNot determ Lopez et al
(c.148 gCcati nfl ux Aypek et al
Al terrgghtCa g
p. D50A yMembrane curr Not determ Mhaske et a
(c.149. Sanchez and
p. A88V yMembrane curr Not determ Mhaske et a
(c.263 Insensitive t Mei gh et al
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1.3322Hyperactive hemichannels in KID synd]

Over t he | ast decade, aberrant hemi chan
contritlhe opatmwmol ogy roefvilklwWBds ycmadr ceme ,al . |,
and White, 2009 ; aMarhteizn aetd a/le AEPdvVM™ ; 26

mut ants have been asdtuidvietdy faomrd htehmd cdaatnan ec

gain of function, resul tidnga®Bywymifoohraman @ los
Under physiological conditions?2*ahdmpé&han
(Sanchez and . Velrnset hs, c29d4d 4 f deregul at
hemi channel s, the increasseseélepénivegcpaaob
causcal ligpse of the cellular T onic gradi e
resting potential and ii) escape of essel
mol ecul es, which are d(eBerninneetntt aelt taol .c,ell9
et al., 2003; Evans et al ., 2012; Retamal
et al. ,C@2Mdi6gt ent with the iarhbowiepeaoyipoe ihtes
have shown that mut ant Cx26 channel s | i1
conlt rboy*( Capez et al ., 2 0,1 3fy B aSnacnhcehze ze te ta la.l
and mor e f(edceenWollyf GQ al ., .2 0ALc6c; o rMleiingghl ye t

mut ants were found td Gmawe aaletteradd ,v @2I0t1a81
2016; Sanchezieptrabased2ATB)r el d&xa nied tl oy ¢

et al ., 2012; aGdforaekbkevat?dde RN Berlc ed tl uadl
2016 ; Garcia et al ., 2015; Maigd hetr a&lv.i de
is given by the significantly | arger tr

keratinocytes from a transgnmuni@dhemaus etma
2015; Mese. efihealabowvd ldhanges in Cx26 bic

t he -dihmreenesi onal structur al data ebtained
2009) , whi ch showed most residues | inked
D50) were spatially oriented nesensiheg po
and/ orsepeymcontrol . I n contrastl,inkesdgi du
mut ati ons, with no known role for hemich
wal | offGaGxcziéa et al ., .2016; Levit et al .,
Mechanistically, increased ATP release th
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as a paracrine signal, activating purinei
(e. g-gaA®BR P2AX)c heaxmpmreessed Bium nlse matki red c yatl
The activation of thog#® | udampsoang Wt th
i mplicated i n i nfl ammati on and kerati nc
apop(8srastock etetalal, ,2@2Dd8JGtebpg, open
cancdilwye metdindtlarxGCa | eadiWag gt @ t cGmlinl.s,i ds& dthl )
with the aiboveiethiod deash has been reporte
cell s expressing mutanets 280Ili06k eeie RdDID. 8,5 y ndr
Leet 2a0l0T9e,r ri noni Méta seatk 2a011.2,0 & © r2a0khs7, Cel |

death can e imesecuasde bF1 ewdlr afcer | al sau b Lal

(Geredtdoxna0Q7,etLedQ9) . The above rexults

homeostasis is affected -liinnkceed | msu teaxmtrse sasr
epidermis, tthie$'cCnmagi ensrueadi ng ¢t dlar i
2016) . Recentl vy, this hypothesis has be

t rsagneni c Cx26 p.@SGBaddemoents eambmocdne2d®XLtbi)bi t ed
water barrier Ppeatesisnggalanefrient d@lhpep eda md ¢
|l ayer (which is normally absent). A defe
the epidermis with a hyperplasoicfereapion
and hype(fEliras ogi stahle. ,ha201nka)r k of KI D syn
the barrier defect may al so contribute 1
superinfection, as has been r epoett edl .f,r e
2013) .oAhspwenvk showed t Ibdtapphegpdoucrdemugdwgc a n
not the skin commensal species, further
hemi channels amdliamiac é @ na rets @01h.2,¢ . ( Dbans
dat a providéeart héei mkol bet wedn athedni ¢ hé& h aenl
signalling and bacterial susceptibility v

syndr ome.

1.3.3.2.3Do mi neafnftect s on epi der mal connexins

As mentionedaereariommaanheetci ects of mutan
role in the skin pathology of SHL, and
syndr omeet( Galrlcs)a rlln ean seady, LEeenandncc

unusaml channel Xeetntogprmesy b ey ekpressing ho
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p. S17F (mwteanett , alwh, cB00GR) | ed tohdmmear sf,u
contradicting results from other KID sync

unt il 2015, when Garcia and coll eagues d
of Cx26 p. SIX7pi eslbsemgcovi th wil dtype Cx26
( Garedi 2a011.5,) . Further analysis revealed tI
p. G12R and p. NLadtdmi neaxretr t edf etcrtasnson Cx 43
heteromeric hemi channel s, resul ting i n
enhancedsATRAMa Cha x . Il n fact, over the |

(wildtype) Cx26/ CxdBashebeenmeninci daeaneaedel
incompatibilitydewceéhgicoani bgiGmgneev glte ad
20Q4)Hence, the findings by Garcia et al
oligomerisation refmul gomgrifsami mnot edb mpati
residues in the NT domain, providing a n
work i s warranted to determine whether n
domain can confer the same ol i gbaomeirn asmtt i ¢
eff efctGx 206 p. DHaOWNe emutfacmund on Cx 30, Cx30.
trafficki ngtriann spfreecv(ibounse sctoatli. e s 2005; Shur
With a highly overlapping EeKipgessitbesd4)pat
connexins are known (tkoo vhaav e thiadgh ,c a2nopladt;i t
Neverthel ess, d etoafi | telde sbei ohlpétyesirifcmd n gdca t ah
required to gain further insight into thi

14 Novel and effective therapeutic interv
1.4. Towards developing specific therapie:

Hyperactive hemichannel s haive tmerpatdhage

of KI'D syndr ome. This concept l ed-to tw
target edL dvhietr agpty al ., u2015;siXywy et tdler, a2/
compdunLeetv RaDl1.5;) or a monoel o2Chl 7,)a.n t Albtohdoyu
synt hetmicmeG@x 43 peptides (mentioned earl i e
trea(Beoaker et al ., 2012; Evans et ,al ., 2

the peptide mimetic technique has not ye!
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The first studyr gpdt ehde nti lcehraaamye | f or KI'D sy
using mefloquine, a small mol ec-mbhhar camp
treat meett 20I0.&6Yyi. t The aut hors provided evi
i nhitikbd hyperactiXen dpeusiyd heasn neexlpsr eisrs i ng e X

p. G45E and p. D50ON mutants. Remar kabl vy,
hemi channel activity in keratinocytes 1is
with Cx26 p.GY¥5Eab¥€rny 128aental monocl onal
binding to the E1 domain of Cx 26, has
hemi channels potently and specifically (t

with no overt ciyn owiaxnoy Xeyo @bl4.&) ve &1 mi | a
mefl oqui ne, i n human keratinocytes, ab
hemi channels formed by wildtype Cx26, 0
p. GA5S5E or p.D50ON mutant. Althoawoalgth HwoOt &ngr

therapeutic promise for KID syndrome, so
clinical transl ati on. For example, mefl o
(Crui ks hankanedt pah(nlegxdén®idas, eal ocanlg ,wi2t0h0 9t
vol toargev eglaumeed ¢ ICamm&lshrank et al ., 2a0@4,;

itemse toxic to ameée owlutskreedthihmarytes at 1
et 2a0l1.7,), despite 30 OM mefloquine alread
mut ant heimn chlaemnteé stetd 2a016.8,¢1 Regardi ng t |

abEC1. 1, It targets not anlayl smoutvainitd t xpx
hemi chanaetl 20 I 7X)u. Since these molecul es
devel opment , whet her they can i mprove t
hi stologically with acceptabl el yeassensecd

usiimg modgel s.

Given that KID syndrome is a dominant <cor
al |l el eesx parrees sceod , the differential phar mac

and mut ant hemi channels needs to be cons|

14. 2 RNA interference for KID syndr ome

Since the discovery of RNA int{é&ifrer encel
1998 )RblAdAsed therapies have emerged as a p
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functi on, and potentially for trreevaita wegd a
i 0 Davidson and MoCeayer201h)e high specif
MRNA sequence has | esdp etcoi ft{hBer EhbAnecl ekpat mpo fe t:
2002; MartinedZhets alchn2@Qqo2) t heoretical/l
allele withoudxmpadefcwi hdt yges «counterpart
highly homol ogous, hence holding therapet
opi ni on ;s ptehcei failch eRNeAi t echnique is |likely
for KI'D syndr ome, ga-cfi whc tciho nd onmu tnaatnitons |
b

iological role in the pathogenesis. Her e

1.4. RNA interference

RNAI is a conserv-edameactiamt isonn aolf @emrsd si
variety ofinofgdnngmdungi ,( Halhawons RRi@s2 an
technique was first discovered by Fire,
gene silencing -dtyr axdg@a®Na&r leda hedyldaess e
all.9,9Bhree years | ater, Tuschl and coll ea
al so known as small interference RNA (si
speci fiecncgennge isni Imammial bashicrel étShaonesy2@d
t hat , t he f i rmdadisautcecde sgdmud dRidllde mrceiiprog tiend
synthetic forimpl(assinRNA) f-loanmd p(isnrmaRNA, or
(McCaffrey. eTthade ,pi2®d®gri ng works establ
characterisation of gene-bhaspedtiberapdede!

Mechani stical isy,e pRMAIO cies-sraa rFdvends t RN Ad, o utbyl pe
exogenwamsmalni §dac&blbs and Lisngll ey,vedl0d Ot ¢
arofQfd? nucl eotides -biyk®i mweac |, (cBsr@®Natseeiymeéd t
200(1hi gureTheS5yuse of synthetic si RNA (us:
avoid the step of Dicer processi n@,yepr eve
dpedne nt on the (Watgtth aorfd.sCWRNAy se20hd) st ¢
i ncorporation ofi nsduRcNeAd i snitloe ntchien gRNcAo mp | e »
si RNA is unwound by Argona%SCreti twawo RdNaseg
stranded RainBNA$, anamel2y0 0tdhe anuii deh)ster art d
and the sepma®esseshghihhds (pandenger( Mdtrraammig a s
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et al,, wBOOD&)the guide strand aeRliSCat es

compl ex scans, reoodrhies etsaragred mMRMNAs wh o
compl ementary t o( Anhmeer egsu iedte Qsle @ u dduinlx/d), t h
MRNA i s cleaved bet ween ctohnep |l peorseinttiaany ladn

str(ahand et, all.l,owi-OnOg8 if soar ipmtsitonal gene si
processha$¢ rBedvineweedwWwhlRarc«son and Linsl ey,
et al., 2009)

shRNA )

siRNA EEERERREN)
l+RISC

. RISC
RISC-siRNA  (__RISC ) S.. .. L

Sense (passenger) Antisense (guide)

mRNA target  RISC ™, AAAR
N

(recognition)

mRNAtarget ___— T ——_ aanA

(cleaved) |
o= e )

Figure 1.5 The RNA interference pathway

Long edumlineded RNA {has RPA)N RNAs fialhIRNA) i n th
by the enzyme Dicernti nlten gti RN AA lotf e ranraotuinvde |2yl,
be directly introduced into theecBNAducdadrk si
silencing complex (RISC)RI SCheomphea (pasdemn
antisense (guide) strand activaRleSCtthe Rd &IC.

target mMRNA that is compl emesntramyd.t ©Oniclee ree@
bound by the activated RI SC, the target mRN,
transcriptional gene silencing.

Over the | ast decades, promising outcome

si RNA for atreatfiecd i onr (hepatitis B viru
(l eukaemia and Wheuwrdhkrlaas teotimael .synz2h®9q) c
techniqgue has al shoe abreienngPUPddeBdsu sier moade & t iwmn
C.223C>T mut aitcdbB(2Mae.dR7 5eW) dlh.e, a2 &) sh
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Ssi RNAsigned agaiGUsB@RNAesapbd eripplaybh é
mut &GrRItBARNA, pr evemsoefn ghetarei ng | oss. Thi s
patented (publication number U Sc210i0n7i0c2ad1 3 z

out comes.

1. 4. 2l Pepecific si RNA

Mi smatches between a si RNA and its targe
weaken, or even abol i(sAmartzhgeuigoeune esti ladngc i
et al., 2001b;, Sphoairai g the b b asfhiks)iffoirc d
si RNA that can discriminate bet weeeont i ndReNA ¢
This concept iis wuseful for developing no
effects, such as KID syndrsopneec.i flirc tsh dRNeA
silence the expression of mut afnt wiadl d tey
all el e, (rTervacehweetd )etn al ., 201

Succeisns fadridm ov u v oo me ss pdciaflilelsi RNA treatrt
reported in a -rmamgrei todd dokmi maditd yr der s, s
di so(fdeg!l i e Pedr,j odbmiesttarmadlp.hdiyc2 G®lpd)der mol \
(Pendari esanedicpay ony QlildH) ccoknegresnoint aet al . |,

al ., . 2M6Bgover, the reversaleemnf rppegptordledc
mouse model sdef €lti Baiet arhd f, ¢ e2n0tlréobnuc | ear
(Trochet .etThad .st r200nlg8 )t hd rt &pe u thAidctuhpesorfa rtsi
mut as peoai f i ¢ fsoirR NoAa cthryioanl y(cLlhe aac hcnoanng eenti t al

Il ntrader mal i n-gpecti binc of$i RMA,ald a&llleed TD1
regression of a characteristic callus | €

effects.

15 Hypothesi s, aims and objectives
1. 5. Hypothesis

Il n this project, it is kypatifdsxi s RNAh atal
the skin condition of KID syndrofmd@B2t hr o
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allele while | a@adVvienge whafivetdeégpeln thi
normauhgti oning wildtype allele, instead
domi nant !l vy, l eading t o i mpr ovement o f |

potentially re¢Erger I D. 8y ndr ome

Normal Patient Patient + specific siRNA
DNA
mRNA
KID syndrome improved KID syndrome
Phenotype Normal v b y

(MUT mRNA dominant) (MUT mRNA silenced)

Figure 1.6 Schemagpgecioffi @roipRpMNA dt rad dterheent an
I n the context of patient skin (middle), t h o
known to play the dominant pathol ogirddlesmsol e
of the presence of the wildtype GJB2 allele.
corresponding to KID syndrome phesptexpd. cFo

mutéamargeted si RNA (right), t hengnut met-n GBI
functioning wildtype allele to be dominantly
Cx26 functions, potentially reversing the pa

The rationale for the development of si R

i) The mol ecul ar genetics and pathogene:
following 16 years of studi @s \eixspiromeg se anc
systemsaandthteéetrangdersiec emowd e , mRdeLlls
2017 a; Schut,z wvehi cahl .ar e20sluupported by an

mol ecwebarfliymed patients.

ii1) There is aGJhBo2t sprmel ynmp aDS®B>XA naccoun:
oveOr% 7o0f t he report ddMaklePHesaytnvde ro met cals.e,s

ii1) Thecdadmign aamtt uroemheom k &d Dmstyant s (i ncl
has been confirmed by diDfif eertemtl . e x 2r0i5me
2014, Sanchez et al ., 2®0do6étheaehpumromans ed i

expected to alleviate such effect on wil
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1.5.OPbjectives

This study ai ms-speéecidfevel spRNA uhéedpy fo

achieve the aimecthees asefméj owsob

i )To compare the epider mal mor phol ogy anc
bet ween skin tissues from a nor@&BB2 i ndi
c.148G>A mutation.

i iTHo establ-dishi aegpakercat itihod Wtee cmdda8&8IG>A m

in eXxfpeoi ment s.

i iTo) | de®dBcX 1 48> A i fic si RNA, whi ch <can
wil dtype GInBl2eqqueanes differing by a sin

i vlo i nvestigate t-dpeciRNibcbaiohemi 448 Gr Al
junction channetdefumnetdi baesat nhnpaytest

v)To further investigate the specificity

si RNA treatment, -basedg RNAnseguphomhg a

Thi s | Bofcao ngred study. | f successful, tr
applied to a wide range of dominant skin
effects, i ncludineg, VODDBP &,ndP Paamrye |EatVerde

di sorder s.
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CHAPTER 2.
MATERI ALS AND METI
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2. Skin biopsies

A written informed consent was obtlained

therepaftwwkho had been recruited in the Dep
Great Or mdosipiStaleetThi s study was approv
research etR)cs PUbZhL @/i oHAni e sn ndenaasthbrtienrg
under |l yi ngmm ideputeh twerae 5t aken fr dmainmdt er f
two healthy donoesaf (€82 wnhnyvyb&dageshwert &&mna
KI). The skin biopsies were fixed in 4%
On the next day, t hese bi opsi eessmbweedrdee de mt
samples wereOmethi mikledshsetna nounted on gl
preparation of cry(}fsreacztéronTse?kOIﬁ:ésEhJeersmONer
Fi scher Scientific, Loughborough, UK) an

2. Haematoxylin and eosin staining

Haematoxylin and eosin ( H&E)af Dtr adain xdeedn y d &

par afnibiendded tissues following a standar
deparsad fiimi100 %l Xymieme dmd ©Rhen rdbydrat e
mi n itnicounbsa in 100% et hanol and 70% et hano
5 min. The samples were ©dAtldirned ,wiUKh I eaoea
and then rinsed with hot tap water. The
hydrochlmnr7@%aeti anol and then rinsed wi
stained i nrAledrsiimh,( SUKmMmaf or 2 min and dehy
et hanol , 100% et hanol , 100%drkybkdnel f des b5

mount ed wi t hLebDaPBiosystems,WKi on (

2.3 mmunofl uorescence staining of skin ti
2. 3. Experiment al procedur e

7-em skin cryosettaodstWwopomoKbbDs edwemaadf i h
was hed 5f aoni mBad snpbtudtfeer dRIB)s aTHeret i ssues wer ¢
in a mixture of bl ocking andfpetmkeabiohi :
ser@BRnd 0. 3% 0d0itmMmnPEXS for 20 min at ro
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by three washes in PBS for =dmiwn tédaah ptriit
antibody at 4AC overnight. The <catal ogu:
detection of Cx26;810X30 7@ 5B« Aaghpdean@l 1 D
| 1) On the next day, tlhS miinm siure sPBvSgr @r iwars
with ahRl Abexd&®dnpugabé@&d secondary antibo
1: 500 dilution) for 1h at room temperatu
was replaced by PBS prior to probing witt
of xZ6 and Cx30 that are |l ess abundantly
secondary antnwmoiderl:Q 6RA &bo g E&EBMO afnadr BQ&x 2
Vector Laboratories, 1:100 dilution) was
t emperfaotiuroewed by incu-bhtuopord 86 B uagra tAlelde
streptavidin (Life Technol ogi es) at 1:50
Nucl ei were count erds taaidpnieoel n wli it rhd &bl en g(/ DA P |
Laborat o-2i easmd ftohrenl washed three to four
time in PBS. The samples were mounted us
Mo wi ol sCalbiachem,oNottingham, UK and t hen i maged u:
DMLS wupright fluoredeiesnicseL®MchbbdbBcdpe aot e

mi croscope (Zeiss, Oberkochen, Germany).
For Cx26/ Cx30 doubl e i mmunostaining, st
performed until the final PBS wash after

by stamdargd fotraiCx30. For Cx26/ Cx43 doubl

was first carried out and Cx43 staining

2.3.Quantification of staining intensity
Quantification of Cx26 expression in the
was cartriusd ng | maged software v1.51n ( NI
recorded under the same i maging setting
t hree t o s evoevneradapapcienngt ,f inedlnds i n each s
First, a eetgiwas odr awmrn emanuabplygifocesthud
the cornified | ayer of epi det hfieosc uass iwe ltlh

st uldFyi gux e S2cbdbnd, a threshold of stainin
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dependente onf tsheitnypg, until nearly all
an acceptabl e | ev@lf tefr ntdirses owas nign c It thdee
further filtered at a medium radius of 1

for Cxt206 wleuaek st ai ning, oemivgr esiamal gséarg

the remaining signal s, considered as tr
original i mage and the mean fl uorescence
were reanrtdmdgad macro, which was appl i ec
same batch of experiment. The Cx26 expre

and -KIBkin were comppr AdlOUA i wgt on®ukey'
compari son t esto.nsDidfefreerde mded ipgarioec &5 y si

Select
;gf Threshold

Redirect\ / Apply

and threshold
analyse
Filter
— |
Figure 2.1. Exampl e of guant i f iecpatdieonmi sf of¢
i mmunostained skin
The i mage taken using a confocal mi croscope
(ROI'), i.e. the epidermis with exclusion of
nospecifically; 2) definingumdtrhaoiesedo; d3)depe]
appropriate threshold to transform the i mage
4)y filtering to exclude very small particles

to the origieatenmagenftfensitvyoanal ysi s.
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2.4 solation of primary keratinocytes andc

est

Ski
rin
tis
Pl y
al |l

On

ste

ablishment of I mmortalised keratinocy!

n punch biopdi epati akeén off(rSeenchi€ leobnt By 1do
se®Bb. Excessive der mi s was Trheemosvkeidn u
sues were trMeawetdho®éspagnt (BtD Bi osc
mout h, UK) that <c¢cl eaved-etpheeadiadr g nutnc
owi ngatobondotsbhbhe epidermis from the

the next day, the epidermis was mech;:

rile forceps. The epidermis was fragm

EDTA d&Qf o037 40 min with agritpsiimndieyestyi c

neu
wer
tub
was
F12
epi
p M
wer
irr
ker
Fol
cel
Suc
us i
eit
der
res

wi t

The

tralised by addition of the same vol ur
e vortexed vigorous!| gm acned It hsetnr afiinletre rie
e. The filtered cel Il gs ulsGpemisni.o nT hwea sc ecl e
resuspended in the RM+ compl et ker at
medium (1:3) supplegmeaht bgdwoc¢ dr tLi0 80 i
dermal growth fegkcmlortr &n©f e natti onxnisnl, 0 02n0
| i ot mbOY I/mipenicille and 100 pg/ml streptomycin The r esuspend:¢

e cultured in a T25 fjawktat a3 dACiiom |
adi atedlil1®tTel lce!l pEgr(oPWs hcmar ea) . Cul tu
atinocytes were immortalised using a

| owi ng fepos it hmetartawmisrdaulcled pri mary Kker
| s -omelrteurceod f or an extendadoper idecswi
cessfully immortalised cells were sub
ng-eGaml | pPApmendnd 1 hose with correct
her cryopreserved or used for furthe
i ved -If roorm tkhnleD heat hy do-H6s andKdegsigaoh
pectively. These immortalised cell s v
hout addition of 3T3 cell s.

detached dermis was alsémfr £omé matged ¢

NB SERVA El ectr Qpmdfedsii s2 GmbHThe suspens

fib

robl asts werlegfoentlrOi froigre.d Tahte 8pedl | et
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DMEM suppl ement eldo Iwml pehicillid add400kdBn3 streptomycin,
ph ated into a T25 flask, andz cultured at

2. RNA extraction and-PC&®verse transcripti

Tot al RNA was extracted from cultufred ke
reagent (I'nvitrogen, Pai sl ey,rabkKypri aend |
singttreanded compl ementary DﬁRNAcBNR)CusEr
Kit (Applied Biosystems). Eg@chf rRNA ttieommp Ic
2g¢l  OIfPCIROUf f el bf, 2& ,,mN2 MJgCIINTP Mi x (each
1el otEMr5@Ondom helxaanfer MullV reverse tehanscr
RNase inhibitor (286 U/idla)l, vnoal kuirmegf nuepe ht oD |
water. The roeametdii®anf oMa2s4 5 emifnAC f okl wend nb
i nactivate the enzyme. T2 8C cuNA | p rdoodvwuncst t

experiments.

For -geamtitative rever-BERX,raaoaBbNAiIi pemphatf
PCRmplified using M®Bpeermpdiixhenkes gyiyEemal de
phosphate dehydrogenase (GAPDH) pri mers
reaction condbati desrawarati omi &t 94AC for
thermocycles of 94AC for 30s, 60AC for 30
at 72AC for 10 min. The amplicons were ar

For -triemeel quanrPtGR a(tqiPPCER)RT c DNA templ at es Wwe
i @ SYBRGr een Sup-Bad) x TBeopr i meApsp eunsdeidx alr e
The reactions were peiGeoeméodoO0OOnttheir mbicy at
Research, Cambridge, ad®¥dKjowi owsrcoindi tial ¢
5 min, followed by 40 thermocycles of 95
and then a final extension at 72AC for 10
was performed attoteresemea orl yeacdiimgpl e pr
data were normalised using theGIXBWYRBH gen
calcul at e8*®'metimagd .t he 2
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2.8 mmunoprecipitation and i mmunoblotting

The method of i mmunogfrrecampat pt € ®iho wdh s At
2005)Cel Il s weremmubdt eshetdoi ooaflOnce. On
cells were wasked dt WiBcSe awmidtOht Hieamel ol | ydz e d

i mmunoprecipitation | ysHG@Gl bugH e?®. £)ontlai i
1% Tri-T1®@0h, X0:4%% NP mM EDTA, 1 mM EGTA,
suppl ement ed Ewirtont eca@rep lienthei bi t or cockt ai l
i ncubatfedr obh5i men with occasional vortex
12, 0@0 a&£ #Hor 10 min. The supernatant co
measured for protein con®adtr aderohobdsBr
1i11. Mg proteiarwad tmtaamsh fresh Eppendor f
anti bodies used foAppeerdi oDl RteEONpi §5ashkol
t hehouwmsécondPi tiglonperd. Sampl e) o%c otnldé t ¢ o mm
catal ogueld 5m5u@pex Fampl &€)x 2r6a lpoil ty cd rotnial an
added to the |lysatel folrl Gwédbberidmgubat &
rotator. Aftdr pirmSepmmbirCose 6@ads (50% sl
was added to thevesmmpAket Oantd tdmex ee xt day,
associatedamtiitthodayntd agmml ex, were coll ecte
Ilg for 1 min. Pellets were washed three
buffer without detxereggesntve. bAIfftfeerr waassh e se,m
final pell et wasl roefsuas peaadmelde wb u fhf e4r0 c o n
HCI (pHbe8rapdPwet hanol, 4% sodium dodec)
and 0.0004% bromopheni&lf obl ud, mdmd wb dihl eo
vortexing to dasstobbdyecompl artigem the |
centrifuged Ibgr ifeofrl yIL ani nl12a,n0d0 he su-pernat
antibody compl ex was eitherunabaloysedgqgi
transferred to a -§fCedhrtllme eandnsat gsed. a
noinmmunoprecipitated samples from cell s
buffer contatHCilng p#HO 8mM ) Tr ilss50 mMmMacCl , 5
PMSF supplemented with the piB@geabepriohert
samples were mcaedaiwnt hgt sempBA8 fouf fldr mihb

and then analysed by i mmunobl otting.
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For i mmunobl otting, | pramoainn sdebnye! SEJafr a
polyacrylamide gePA@GE)XcusiophoareRiZEs i $8EPAG
Mi ni Gel BhdrMNnveki,sherTBeigaltiwas run at 1
EMES SDS running buffer Theamal ¢cgesdteinfliBb e
unt il the sampl es thlagge |l r. urFotl ¢PAVEES g bp® @ cem
samples were transferred to achRAMDOFe dnetnrbarne
buffer containing 25 mM Tri s, 192 mM gl vy
with 5% skimmed mil k (Sigma) and then pr
Appendi xFolrl detection of endogenous Cx26
Cx26 antibody frorfmcdndietiTechnohBagbhepueéit BL
the one cfkr daoBMeirt i on ; catal ogue number \Y
detection of exGEBRRnNnprusct diursiiom tCx&Msduced
anCx26 antibody from Life Tesb0bdplwags ess éda
above antibodi a90Wwere 8 skedmed mil k anc
overni/Aht Oatt#he next day, bl ots were was
wash buffer cont2ai niinn gP B0S..0 5B oTtwse ewmier e t h e

temperature f or -nmoubhs ewi(tChE eHetahl etrh caanr ea,n tBiu c

1: 4000 dilutriadbbm) ton Sagmant Gillingham, U k
skimmed mil k) hocorjragaséddpeeocoacandarsy ant i
t hree washes. After raoupnrdo |10o5n gneidn ,f isniagl n aw as

using tEh®riEBe Western Blotting Detectio
according to &6t hmeanmwaanluf aeamusrietrometri ¢ ana

scanned i mages of bl ots.

2. " mmunofl uorescencedstal hsng for cultur

Keratinocytes-mmegkapkatedeos!|l 1ps and cul't
The cells were fixed in 4% parafor mal deh
and then incubated in the mixturteaionfi g o «
3% FBS and 01.030% iTnr iRBbSh aXt room temperatur
three washes in PBS for 5 min each ti me.
antibody at 4AC overnight. The informat.
Append. x Fadrl detection of endogenous Cx
keratinoeygnescld@t ) Dol t he-Cm@6G6sananbody fr
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Technol ogies (c8t18&1090guvasnuwmkdr. For det e
Cx2®%FP fusi on ipwvioit alalny d umc d e nlehloau see lrlash,bi
anCx26 anftDibedy whs, ug28@dla)n soméhexper wa:
al so stained to indicate the plasma memb

(catalogue number ab40772). r@me ttheanerse X tn

for 5 min each time and then incubated v
Al eklauor 488 or 568 (Life Technologies, 1
DAPI was used to counterstainThkbesampl ebs
were mounted wusing 10% Mowi ol and then

fluorescence microscope or a Zeiss LSM 5

Oberkochen, Germany) .

2. 8CRI SPR/geanso9me edi ti ng

2.8.1 sgRNA design and cloning

CRI SPR/ Cas9 genome editing was perfor mei
el seWwlRame et . aThre204Bmhgle guide RNAs (sgl
designed wusing the CRIil SPR. nbets.iegdnu) To oBa c(
compl ement aGy B2moc uas cregdraitnhe nucl eoti de p

region. Designed sgRNAs were synthesised

g1l senseS5ACCGATCTCCCACATCGGGCTAT
gl _anti sB-AAEATAGCCGGATGTGGBAGATGC

02_sense5ACCGCGCATTATGATCCGCIICGTTG
g2_anti sB-AAECAACGAGGATCATAATGCGAC
g4 _sense5ACCGCATCTCCCACATGIRGGCTA
g4_anti sB-AAETAGCCGGATGTGGGAGATGGC

Each pair of sense warsd aaamteias emls-&toD M dd entl ia
structure and then6«&€lada®@@dhe mmrty Iteéret ipviLredd
gift from Dr. Ulri ke Mock) using the Sap
each sense sSgRNA sequentepndlunSapons| bo
compl etion of plasmid construction, the

the universal U pri mer.

6 6



2.8.2 SURVEYOR® assay and TFA cloning for assessingGJB2-editing
efficiency of designed sgRNAs

HEKRO93T cells weati os-edif fgegeebhficiency ©b
SgRNA.-2HEK cell s were cultured in the sa
(Sectiionn tzn.e4d )DMEM/ 10% FBS medi um. These ¢
of the-CagRN@\onstru@G(SPmcsmmgga)FﬁaSEQhaasqu@Iene
ratio of 2:1. Genomic DNA was-tiramlsdteed ifo
PCR amplicons of sgRNA targetSWRVIEEYsORwer e
F/I' R pr(iAperesnndi and )t hen anal ybed g @AMAI t he
induced mut atGlh®conutshagt &NuwteaStUiRVE YIDRt e c
Kit (Transgenomi c, Omah a, NE,& UiSnAg)t, r uacctcioc
Il n brief, the amplicon was denattuoemh at
DNA heteroduplex by ce@AdlICi/misg andomh®HACEC rtoon
at0. 3AC/ s, followed by &fhgekse¢avea aith2AbGef
di gested products were separated by 1. 5%
intact, uncl eaved amplicon is 539 bp and
(280, f2cadhipGgeahd about (38Mas9N.60 bp) f ol

The presen€asfduceRINANUt at i ons -Avacsl oanlisnog
foll owed lpy Beqeéhginthe above PCR ampl.
pGEﬁVII’ vector (Promega, Hampshire, UK) oV
JM109 competent cells were transformed w
by whliaoe screeGab@( mgi mgAlI XISii grha Pool e,

i sopmO®A-yhi ogal actopyranoside (I PTG, 100

from positive codioge tsednwli theMdealoudbnae Sa
the insert. Pl asmids iceadn tbayi rSiamg etrh es eigruseenr
SP6 prApeendiSxegqgluuence data were anal ysed :

software v5.2 (Gene Codes Corporation, U.

2.8.3 Generation of N/TERT cells with mongallelic GJB2 deletion

Anor mal di pl oild lkiemrea,t i M/oTcEyRTe (cleilckson et
gener aGUBfc etlhieNV TERT cell s were cultured
keratinocytB6ecimiednTuhBe.sde) cel |l s wer eCatsr9ansf ¢
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construct which diedgliayedclyi gmer298ITe awiln
perfor med usFfiéngr etahgee nR uF@agpnl ems RiudGemat i o o f
enrich positivactievasedftealbresocpoiced i VERAC

cell s was pevrtfroarnnsefde o448 man pFaAXS Ar i a | | Ce
Bi osciences, UK). Sortedebklingl @t esel adsdwwe
regularly for clonal aspopr et ai rnagn. ¢ eU paofnt ecro ntfw

wer e hargueersaDdNdc fexrt r acZR9®GnN QDiblRK ia ( Zy mo
Research), followed by PCR aORll SaRHRBr sec
pri neApspendi €1l dnfpes with heterozygocAls mut
cloning foll ows&Segcly dsoe @uddnnZiinigy onles ave $ ihr
monaol | @I1Bd2e | et i on.

| mmunofl uorescence staining for Cx26 was
GJBrAut ati ons. The experimental procedur e
Section Cel Ts wer e cCountnearcmnjau heetde dwi g hha |
(Thermo Fisher Scientific) atwaecnoomftidmmer
The morphol ogy of the desired clones was

mi croscope (Ol ympus | X71) .

2. Scrdmeadi ng dye ftorrancslfl Cr assssseasys me n't
2. 9. Experimental procedure

This assay was modi f { $umf &t0 @ad T wpr v ifd ey
pl asma memyberamesa nt bper mapni ubhcacens wer
study, including Cascade Blue (fl-3l,0or esce
catal ogue number C€3239, [-fnlvu o rreosgceenn)t , a nndo
wei g3Rt3 Da, chaanfgeguRPLhbRAMpeWect o). LAathmaolkat
solutions were prepared &t0 omgn arerstpreattii o/re
Dex trrhaondami ne B (fluorescent, mol ecul ar
D1824, |l wastusegdnas a negative contr ol

Keratinocytes ( M/CBERWQd)ID we r ec opntiterhosglidt w t

ont oweal I6 pl anmme doirsha 60 | owi-aogl fF ocomataoh a

6 8



resulting gap Cjedncst iweer deehdaeminingi 1 ¢é€. waigt h  Ca
containing Hank's balanced salt solution
medi um was then $wieecHBESSt  catahlogue nu
containing Cascade Bl ue or neur obi otin
respectively. The | att&aw csaalbwetnioxm | winteh (&
junction bl ocker, Si gma, UK) was wused as
l'ines weresmade wicbhpeael ubtadte DO pramer
woundlelds cef ol |l owed by incubation at 37AC
for neurobiotin to allow dye transfer. C
di val ent i ons 4a% d( vt/hve)n pfa rxeefdorwmatlhFehy de ¢
cell s-ladcecdpeit HI| &t dhee sncoennt tracer neur okt
permeabilised WOOhfOr3®%OTmitnomand then st
568treptavidin conjugate (Il nvitrogen, 1: 4

After threPB®%ashamplwe swh viadnr eOl iymegpguesd | X7 11 1
mi croscopéel domre sbcoet nht and phhaesesamentirmadi
condition was appddhedc Heod radtl |seamnsptl resse & osrc

i mages and thr esep@aaukhgredynd mages wer e t .

group.

2.9.Quantification of dye transfer

The above i mages were analysed using the
measure of GJIC activity, was quantified
sceagdine and the point at whicH thee fI
background fl uor escrdmoaue,el i2na2d es Awersda owmno
filteri ngi zoeud pmsanafl ilacn ds i agpnpallysi n g 1 alStthher e s h o
aver age bac(kRirgouroel F.@dvledo wi ng t hese steps,
transfer was recorded and calcul ated usi:
oneay ANOVA ( N/ TERT &Gdt ® $te sfachaim tKEd) d @s i ng

GaephPad Prism 6 software.
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Figurlema2ge2 ansatybBpadifog dye transfer assay
(a) Exampl et pharsepe olndadisiKEsi mahgé-Kfeahdo khDY |

The images show a | inear scrapecmbhdel ohl ade.
Example raw digital i mage data of Cascade BI
(c) Exampl e i magsei zperds,persacit ng. sSgmahl s were f
threshdl deapekttS ve backgiroyunldevéluowascampmlei é
analysis of total area of dye transfer foll
bet ween tot al dye transferbdtessds in these ce

2. 1A0TP release assay for tassessing hemich

He mi ¢c hmenchiedt ed ATP release, representing
using an ATP BioluminescenAAAs SAlganki ¢ h ,( c
Gillingham, UK) , which is based on meas
produced hdurmriermgti on between | uciferasel/l

l uci ferase axTdP |Auscsoafyefrime € d .teo as Y he as:s
and a ATP standard Pwerme prooWIlT®edtdeannut bmetk
cell s, twhiss ompdtimodsed as foll ows.

Firstly, five different dilutions (1:10,
were reacted Wi thM edNiTt®merar 6, of olll owed by
measurement using a FLUOstar Opsbmayl ubKij)

This step all owed to determine the optim
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experiments. Secondl vy, a range 18thM,ow <co
diluted in PBS or DME M) were each react ¢
dilution from the previous step, foll owe
This allowed to determine the analytical
the minimum concentration (minus two star
t hbeackground | evel ( p!l(usi tawod sQaasnsiidary ed,d d2e0v

using the above parameters, a suitable r
by reactidndgusedi ATRAY &EMandattds the@ assay
optimised dilution. The ATP concentratio

|l i neraarelcaot i on were used to construct a st

The present ATP rel ease ass alyDowanse |l noydiefti
2012; Easto@Qorerneaxnmiln, HE2Da2¢e-ti shaNdTERMNe:
were used to settHelpathel lasNAHYERT . @d1110s w
pl ated in duwdllcapleatoem taagnedr ftXdremeads saany twh e
Cell s were gentdsy wiatshh eRIBS harece ttHieneei ncu
DMEM at room t emperpahtaurrnea cfbolro gxkoOa drki, n .c efFdr
incubated in the aboveM DOMEXM Wwiftthe ra d dictuiba
weraecut ely challenged witflorPRS 5comtnai na n
approach to open CdeanWxlifn dtemalc.hanh®l 6&; C
Ver seli s and Sarlilnoiwiansg, r2e0l0e8a)s e cof oATR atc b
medi um was ha¢¥rfvreoszteend oann dd rsyn aipc e . For bas
was replaced by DMERM cbmtdetnég mrgi e SATnPM c
these $dhpxElods,sampl es wals afeatchedawsan b
opti mised dilution and t he reacti on mi
| umi nescence at room temperat upgeer.f olrhmeede,
each with two technical replicates. Dat a
hemi channel activity was expressed as fo

basel i ne€Cdandalzleernoged sampl es.

2. IDleter mi nati oonebf Eandsdhaoe si RNA scree

Cel | l ines suitable for si RNA screening
(Tabl.e EndggenousGlBd®®messiinonsioxf candi dat e

71



exami neRICR yu RiTn ge nt choeg - &N @R ( Agpeerr dsi x| |
2..5)

, Sec

Tabl €agddildate cel | |l i nes for si RNA

Cel | Cell tyrg | mmortalis Culture

HelLa Human cervi Spontaneous!| DMEM/ 109

HT10& Human fibr Spontaneous!| DMEM/IO% F

P6 KC Human ker aHuman papillo RM+/ 10%
P8KC Human keraHuman papillo RM+/ 10%
HaCal Human kera Spontaneousl RM+/ 10%

N/ TEF Human kera Human tel ome RM+/ 10 %

transcrip

2. 1Gneration of HeLa and N/GDBFPcel |l s st
2.12Léntiviral wvector construction and p:

Lentiviral vectors were designrnead,Dic onTshtirs
study empl dyedderamnweabicV sebhfi ngpLBEIIRRWI r al
MC FigureTBe3SFFV promoter was removed u
t he CMV rpraonn@altBéFeR r ansgene were cloned 1in
Asel and Notl sit@ksRDNA whae ftAutaerdnyittrmues habf
wil dBYBR2EDNAGAI B2DNA containing c¢c.148G>A (p.
compl etion of vector construction, the wi

verified by Sanger sequencing.

Lentiviruses wetrreanpsdeckageanid osHKcD with wi
mut anti rlad ntpilmsmi ds, together with an env
protein pseudotyped with -&) vesveubae, st
packagi ngClVY&sm4d dcoding for | entiviral g
t at an&i gBve Ihfectious l entivirus-es wer

transfectionQ.-4m IpocrreedceMiltutnl osse ac-etat e

72



centrifuged at 50,000 I g for 2h. Conce
DMEM medium for 3Wtmivid rars isté.0 ABh avelt el ke
The packaged | entiviruses were harvest ec
expression. The MiU/anl tfiotrr evd | vdd nfép 88 m8 Ir LG

for mut ant viruses.

Vector

W
pBs | A2 |RRE cPPT
AUz 'R U5 e >| cus2cFP AU3 R US

PP

5'LTR SIN JLTR
Packaging Envelope
plasmid I] rev [l plasmid

gag | tat |
[ cmv > — @ VSV.G-env

Figu3EchRematit b  CMMBITBAGFP | entiviral vectors

Top panel -isnhaocwsi vad-bsaeslgfd HMEYt or with the tran
encodes the wildtype or c¢c. 148G3Bemmians &IB2
by the <cytomegamodvweirr.usBo(t @MV pmmael shows tw
including the packaging plasmid (left) encod
the envelope plasmid (right) pseudotyped wi

virus (VSyY)telmiRnall omepeat . PBS, t RNA pri mer
el ement s. CMV, cytomé@gahovi remyepopmotpsre.udd$
glycoprotein of vesicular stomatitis virus.
hepatriutsi-sproasitscr i pti onal regul atory el ement.

2.12G8neration of HelLa andcJNBRFPRT cell s ¢

Two selected cell l i nes, HelLa and N/ TERT
mut ant l entiviruses. 72 h deattermi nende y 8
cytometry anal ysk)f o(rBDO hRA QSeQ dcpednptualgaet i mfn s
These"pGpRI| ati ons were enriched from tot
fl uor easccenvcaeg ed cel | sorting (FACS)elulsi ng
sorter. FromillGFic slalmpl wer ee0sorted and i |
in the standard conditi oquanltoi PRI Vivea sRRTe |
perfor med ussipregci transpeediRE s RAGIBRdI X -,
Sectipna”2d5GBAPDH primers were used as int

at protein | evel was verifiedohpge mmindbdol
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(Appendix I, aBdcimage®. Wpre recorded us

fluorescenpe. micros

For enrichment of Hellaen@idiRreasn xeaelsiss inmc
cloning was <carried out f rtorma niswlulkc-e d 0 p FIA
enr i ch'ecdel GFBP Single cells were cultured
expsi on. Expanded cl|-PohRe sf dwenfggd Belux by es s i D0
usi ng tenmredadl/BR priAmeresndi x | anf8edtiuome?ct

mi croscop@FPoex Exe$Hsi on.

2. 1ID3sign -opeail flied esi RNAs

Ni neteen candidate si RNAs with a targeti:
GJBwere desi gned -wadikn ga ggHn scekqgelresnocneaed al . ,
synthesised by Sigma (Dorse6GJB@GE&e)n.Bahtke

accession number BVMBLOGJWOM)e anmud atled des
sequences wereetabngmBed. 22nlAn( Bii RINrAe a3 .a2 )
(AM4626, Applied Biosystems) was used as
si RNAsadaAi$@esi croanttad 6h esrieRaNfFAt er ) was synt

Sigma. The sequence of the control si RNA

Sense 5®AUAUCGUCAUGGUCUUCARY] dT] [ dT]
Anti seB@AUGAAGACCAUGACGAUMY[ dT] [dT]

2. 1IT4 ansfection of si RNSA laemrdciervgal uati on o

On the day before transflectilonsl’@gedloOwsl we
onteg Poi-wél | pl at es, respect-andl 9-w@G$ pol N/
or 0.47 0.5 0B.%0elr M|l |, respésti Takge ber
numbers all owed cells to reach a densit
suitable for transfRNAI MAXuanadglfiPP@OéE 1 a
reagents (Thermo Fisher Scientificl. Gr o\
Unl ess ot her wji s24 dweéltle dp,| aftoers ,9 65, 10, 40
mi xed gentl yelwidfh @i t2tber O0Oaof5,t e transfect

of d400e0@nd 8(0iOn BphieMEM Fi sher Skyentif
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incubation at roomThemapkeowae uteahofretOi om
cont a3OnimN si RNA, were then added to the
3/ for 6 h, and the medium was then rep!

incubatMomntit| 3&F§nal ysi s of gternan ssfid cetnicd m.c

si RmAdi ated sil enciBR2FRofd exd®dBdosmKRNA
|l evel was assessedGBBHPECRCRrusmiemg t{MHelLGJRA:

and thenddB2 pri mearnsd {KCdMApmdndi x |, Sect
respectivel y. At protein | evel, silencir
i mmunobl otting €s2Bg anitG5SbGMByypeddiaxt i | |, S

2.,6)and fl ow cA/\GSoQmeBiflWDruBii mgciFences, Oxon

For flow cytometr ¥ iaxmreal wsild, shursipeefnisyi,ona w
containing 2% FBS. 10,000 <cells from ea:
channel -wimté@mas&§BO6n fnialltyesred Duastian gwetrhee aF |
vliOo (Tree Star Inc., Ashland, Oregon, US/
by the decrease of me a-nr &IFEPF a ntteech sc e lyl .
nor mal i sed against t h@F Pc oenithrgon e flfeivceile.n ¢’
cal cul a( & dsepaes iilcEkolhrna) Jsi Ana 100 %.

2. IPatch clamp technique for hemichannel

Wh o-t el | patch c¢cl amp-owasc &r@tsrraledr oam i & miKe
Cell s wer eovw eceadredi tmynh oh @68 s 1 2 o vnem sd u Iptsu ri en
dish to peeVecgcbntact and the resulting f
that may confound hemichannel anal ysis.
to an experi meinktlaéd cviabmbbtela Fgrotdeon cont
NaCl 137.7, KCI A&A.,4,9lNa@k e2.130,, MGl HEPES
pipettes were pulled fr om6 gMaistsh caa phiolrliazro
pul |I-&7, (Puttretrs,| nddwvatme, CA). The pipette
solution contaispiangatenleéM): HEPES 5, et h
acid 10, and NaATP -BCq pddn kK @9 nweSmd i d ma syer
measurement of me(nkfpr ameé oogpaveittha nmegegembr an
invoked while the membr alnleD pmovt e not i+alll Ow ansVv
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mV i ncrements. Membr ane currents recor de
instantaneous current pl wage asddcluoreqt.
recorded usi-n@ mat CAlk oplagamfgh ampl i fi er couj
interface (Axon Instruments). Data were ¢
Clampfit 10.2 software ( Axoonnt rions tfrourmevnatrsi
size of the cells being recordgds, wasbr a
used as a direct measure of hemi channel
current density at indi vi aiBdéudiabnendt ane v

2. INeeurobiotin uptake assay for hemichann

2161 Experi ment al procedur e

This assay was modi f{HMesdremAalppse20 b}
char gefdl, ussooreen t tracecat anleugwebila@dbhberYes&Po
Labor at wnbesgoerdc&KKisDawler e pldatnesdtagyhnoatloo W’
coversl-welsl iml at € to prevent formation of
day, cagleinwawbed t wi’ceMogwintthaia ng Hank's Db
solution (HBSS, catalogue number -f1r4e0e250 9
HBSS (catalogue number 14175095) <containi
for 10 min toeafrbbwomuiphnakérofigm open he

di vaflreenet condition. Fol PowiMggnt avioniwag hidB .
cell s werd4e% f(ivx/evd) wpiatrhaf or ma | Tdhdehi yxceed asta n¥pA G
were permeabil i seldOwlifGdohmiOd 3t%h dm i $ bai Xed

Flor 56& eptavidin conjugate (lnvitrogen,

30 mi n t o vi sual i se neur obiotin. oSampl
demonstr @t e« gt likeonl slecewi rnege waRBRB®,s wamml es w
i magiesdanng i nverted microfoopeat¢tbDhgmpamel X

exposure time was applied to all sampl es

2162 Data analysis for neurobiotin uptake

Five to ten neurobiotin uptake I mages t &
|l maged software v1.51n. The hemichannel
neurobiotin uptake, which was determi ned
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As shamingur,e i2Zmadges were processedcdbyomni |
speci fiamdsiagpmdlys ng & Fs wiubrpebPRPel4t dwies ¢ otl lde
the average fluorescent intensity within
with Microsoft Excel . Data were normalis
untreat XK€Csc onmtKdsinttrreelat ed RWAt hComparobsoms |
made by&tStesdemtsi ng GraphPad Prism 6 soft

Control-KC KID-KC

b
'Y 0231
‘ *
137 = ‘
427
140 408
® ®
C *
3 500
2 400 A
= =
[—
2 300 T -
£
8 200 A
2 100
e
o
2 0
'S
Control-KC KID-KC

Figurlema2ged anmaéysobi 6brn uptake assay

Exampl e images of neur ckbGsot (i Ine fulp) sakied i(KledD) 4
shown (a). Theoe ecismaege ISyavdlmimdgreal s were filte
an appropriate threshol d was. dFeltueorne snceedn caen di

within single cells was measureéehd) Nane thetre
clumpsoubl etds (asterisk) were excluded. Co m
fluorescence intensitybofesthe¢ ctf)wo *ipmag®ds 0bs i

2. RINASelmased transcriptomic study

KIBCs were transiently trarnwsfienctterdi,plarc ar
confluency of around 70%. AseerSedntiont D1
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the concentrations and purities of t he
spectrophotometer. The coAdO0émglt/ r aatnido n 6 h ew
A260/ 280 rati2oHobetfwedrme2. @ualityyeqontrc
expersi mBNA concentrati o (Wehse romeol dru Isahteed Sb
and RNA integrity examined by the Bioan
gener athAed na eRNity number (RIN) to indica

500 ng of tot al R$AEAgwex ses BbhAd ®a mmpRINAs
processed usi ng a KAPA mRNA HyperPrep
manuf actiumsetrructi onsi sbhabeidef romRNAtwas F
dT beads to -pdecypateaetdetpahycriopts. Th
fragmented using chemical hydrolysis (he
with random hexamefrisc fSitrr satn dsdtreach db yc DINEAV
transcription in the presence -doefp eAncdteinnto n
DNA synthesis whidlegpepdewnéntDINAg sDMA hesi s
resul ts. The second c¢cDNA strand was synt
martkhe second strand. The resultin86cDNA
end to plrieggetnitosedrdid adapter dimerisati on
T overhang, arteaill ieglatceDNNAt. o StultceesSsful |y |
enrdchg | imited cycl e -fRiCdRe |(iltOy cpyocllyense)r.a sTe
PCR was wunable to extend through wuraci|l
amplified for sequencing, making the I ib
adaptoltsl eogfhl and -« @t abifpn ednalae xs asnepgl uee n ¢
all ow the Iibraries to be uniquely-ident

bp pendedun using a NextSeq 500 instrume

Run data werpl éxedtamneémobbverted to f ast
Conversion SoftwaFraest (@l Ifliulymirso avwesrye?2 dpilrdep. r
adapter cont amiuradtiiton bars@®&@d® Bddirli i ngi wg nd
approach, by whi cwhenre atdlse weu &l ittry mireap s
shortethpttmadn ez0tri mming were discarded (°
reads were mapped to the hg38 reference
STAR (v2.5b). To reduce irane d ardiugii mg fln

preparation, mapped data were deduplicat
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remaining reads were counted per ‘transcr
Nor mali sati on, model |l ing and daffeednbiua
using SARTools (BioConductor, v1.3.2), al
reference genomes and annotation were ¢

repository.

A |list of genes waspygaheerataeagdabBpgdfppbed
using BEHEoa¢thmeng( Benjhamchi ni et al ., ZFO0O01L;
each compari son, genes with statistical/l

bet ween treat e dCanda mpnterse ameepesr ddledx e © mD b e d
| ool d |OHgamgle t hese elxpriessend i géhegs ar e

DEGs hereafter. These DEGs were further e
t he Gevmn adme Enri chment of Seed Sequet
www. fl yrnai . or g/ gteasrsgetfsorofan®a yrsa ssmgt eifrfg
mat c h eSse,artcthe Tool for the Retrieval of I
str—dtn.gor@)nalfy)sinpgropredtneiinnteraEiPiatblhu,way;lnd
Anal goif $ wat@ EIllPMAgenuity Systems, Redwooc
anal ydiwagyg spatet wor ks rel ated to si RNA S7.
genes with seed seqguence Amapg ernhdawd Ihtl hsoi SReN ,
genwesr e compared against {IaegleitlfsdlrcP%\f SDEGs
t he cantomwayas emal ysi s was carried out,

enrilcfledt hways against a background of al

calculating the |l ikelihood that this 1is
signalling pathways signifieCasntl y rel eval
2. 1S& atistical anal ysi s

Al | data were expressed as the mean N st
tests used in this study wertettdescandedl

onrway analysis of var-h@aancBBukAWOVANU wt it il ¢
testewegerf ormed using GraphPadpWaliwsen [6e s
than 0. 05 were consi deps eldd. @& ;alt ¥ 6slt;p<caan d y* *
0.001.
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31 The&lB2. 148 G>A mut ati on causes abnor ma
hyperkeratotic skin architecture

The missense mutGdBikont te 18 &SBG>Acommon cau
l inked to KID symnrldr ccrhd .ni/ aplaltyi ednita g(nKol sDe d
recaeduiitn this study at Great Ormond Stre
heterozygous c¢c. GAdB&HwAIimht ateisaurd tisn i n a su
acid with talsgap &giitoieor @8k 26 protein (p. D50

bil ateasalri seur al hearing | oss, vascul ar i
generalised ichthyotic skin | esions witdt
interfolliculanrd stkhen ifepddpPpdadas padebbichi

Secti omBix.ile)s tiaken fOHImaufladtfweoct ed heal t h
C32 and C38, we(rxe as s&ac taisormrc on.tl oflTdre dsekian
phenotype was examined by HaeMmMade x$eéchi @
2.,2)and tihen exmpd edgisstri bution of Cx26 wer
(see Section 2. 3)

3.1.1 Hyperkeratosis with prominelnt rete ri

The epi derlmishoowe-tklbDas k @ty per ker at osi s, f
mi |l d acanthodi g ewiet wipmlrgemi rtemjpFa rgeudr .et o3 .t1h..
There was also mild spongiosis in upper |
Il n the papillary dermis, a mild perivasc
reticul ar bdceurtmiss weenrde suunr emar kabl e. Thes:
consistent with two previouGlJBRepdd8iGs Ao f
mut atliom et al ., 2016a; Watanabe et al .,
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Figure 3.1.1 Morphollogy of the skin from KID
H&E staining was performed on the ski-h from
(b). TlheskKInD s hwevede blayskerntker at osi s, afyagoaM p
mi Ispongi osis (inset) and mild acanthosi s wi
compared to theBaormmllOOontrol skin

312 I ncreased Cx26 expressdidon in the epi

The expression of Cx26 was examingdt bg amn
Cx26 mouse -8alndt®B o dAp Ae8nldni xt hlel )epi der mi s ¢
weak Cx26 expression was found in the gr
patt{é&rgur e ,3.elTRa positive stearniwa@ inmnt

specific, as it was also present in the
without pri(nkairgyuraent3i.blo.d2gdo,Althrgapsitd,e rkiB di s
stronger Cx26 expression in theFisgwpreahba s

8 2



3.1.2c,Thg) Cx26 =expression slightly &exte
occasionally, | ower epider mall Fligyeres 3.ilnc¢c
I n der mi s, strong Cx26 expressionndaas f o
ducts in both KIFDganée¢, GodhRinst eki nwith p
( Di et .al Quyan2tliofbi)cat i on( sefe SStea)itf noiawmgd 2i.arBt. €

significant increase i-In eQxi2dée renxipsr,e sbsyi 0In2 ¢
comparatd to €B2 and C38 epidermis, respec
N 0.10, n = 3 for C3Bp< 10.1041 wihoerd RIS ; = ¢

0. 05 whlenvsKI I ®©G&8y ANGVA with Tukey's mul ti
Figure).3.@as2known to be absent (Sal omon :
l eMeMartin eitn athor mal0o X<kBgiun ,atlewdt iwmp hyper k

|l essanbh as |l ichenifDiedetpl,alquuier(datdoMearrzte ma a |

200alnd psori(altabkca rptl mey ueets al . ,, 1a9908n;g Lwi ctkhe

syndf®#ameta et al., 2006; Choung et al ,

2002)These findings were in |ine with the
C32 C38 KID-1 negative control

C32 KID-1

-
0

-
(=)

Normalised
fluorescence intensity

o
o

e
°

C32 C38 KID-1
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Figure 2ated Cneb exbrepisdiemmiian KI D

The expression of Cx26 (green) in -Inogkmarn (s&,i
g, j) was examined by immunostaining. Charac
junctiongpragwey wes found in suprabasal ep
and sweat glands (sg) of all skin tissues. E
| ayer -lofskKInD (¢, g arrowheads). Negatodge st ai
indicates the background | evel. Note that po
both nor ma l skin and ne-gspecveiccostabhijng.nd
counterstained with DAPI ( bl-awpeiddna IT hjeu Mottt it emd.
Quantification of Cx26 expression |level in t
in -KI Bki n, compared to that in C32 skin (**

31 8ar em.40

313 Cx 26l cwal i sed wi-1 he €x®8®&r mins KI D

Il n wittudo es have shown i n(ther actt iadn ,0 f2 0@x52
200and, very rec(e@arlcgi,a watt halCx,4320 1T%; Sh
examine whether t he di stribution of Cx
i mmunostaining for these connexins was pe
in the paosteieenti onki2n 3)

The expression of Cx30 ia panmbahteppdet s
suprabasal | ayers, predohki game-hb . 4 w3 & lhhe ¢
weak staining obsdémrvegdrin 3ahiiecahb hissalc olnasyie
previous (obiselrarad i.@tnSiami.l,ar2 0d0Xpr essi on pa
KID epi dé&ipius e .3 .00ciWBoheng)staining for Cx
showed that both connexins wereag-emparftc
|l ocalising extensively and forming gap L
and -KIldpi (Fergmir £9).3 . The83kxe results were i n a
i n witturdo es showing heteromerigcYuwmmsetmbaly.
200Q7)

Cx43 expression was padhdseermadd |tahyreausg hwa uth e
gap junction plaques at t he ecelel dp indeenrbnmias
(Figur&«, 2m1 Cxi43 was more abundantly expr
and upper spinous | ayers and |l ess in the
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C32 C38 KID-1 negative control

Figure 3.1.3 Expressidnaofil Co830rahde@kddr mnhs
The expresstongoéeCxBAdndra€CedB i(mn nor mal skin

(b, j)-lamki Kl O c, k) was examined by i mmuno
punate pattern in upper supcpbadfNaktel ahrer wei
staining in the basal | ayer of C38 epider mis

with strong membranous stainkikngubEkosaraedgi of
Cx26 (red)gwighe€rpBOafod wirteenxwas(mal so perf

of loodcali sation alppealri gt yeh | wavs fCound bet we
granul arg,l aarerrosws()e. I noto@kPéEsandegpa8sbanal
nor mal eprn),erbnits t(hney appeared to oved#ll ap fo
epidermis (o, arrows) . Nucl ei were counterst

t he depinthdr mal Fu4mMf@.tge on. Bar

Doublmammunostaining for Cx43 and Cx26 sho

connexins was observed in the granular |
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evidence of ekPhPiregssendd.Tthidasmilfamdi ng was ¢
previous staining (rKkegn lbtagyashi.s &ltnalakliD s U
epidermis, by contrast, focali movtelrd agrsa mou
| ayeFisgure 3All.hoau)gh a number of Cx26 mu
i nteracti nwivimt egGxadlgdenous e xGarrecsisai cent sayst, et
et al, ,tR&1lbnpteraction betiwe ewne uGx 2n6s pt.oD 5t

confirmed in future work.

314 Abnor mal Cx26 edApkesaitomoicytlelsD

Despite altered Cx26f ®exrmpd eisrsitome dexpit dhaersmii

mu Htaiyer ed structure of epider mi s hi nde!

| ocalisati onl ok erCxt2ibndmy tkelsD. To over come
facilitate further exprekis omp athérdintfewn c
keratinocyte -KCgIl | walsi ngen(eklal ed by i mmo

keratinocytes -li ssodsagtee dSefcrtadm nKIg@md ) t al i s ec

keratinocyt e -K@)I Iwalsi nael s(oc oghbegémreorlat ed fr om

from a healthy control Bonmar wsdegmalhef is
were also isolated f flon tiBie lasmadrmedadintarys i e
(conRB()xslee SectTlhese . Al |l | ines were genot

usi n@GJBgeenognti &ar t ( AppeediTxhel )ex @d Bi@8&SNA n of
was exami-hm@GR &anyd RIPIGCR Be2s d arf /IR pr i mgr s s pa
nearly GhB2emntnigr eseq GAROE, pamnmdnetrise wer e us ¢
con{Apbpbendi x ), Thectixpmezdsh on of Cx26 pr

by i mmunobl otti ng saend Siememu nmos t2ai6niamgd 2. 7

3141 K| KC: a goodemodskenKd @Rkematynocytes

The | mmor tkadsi saetd pKalsDs a-f €Es5atngaseageoll we
have a mixture of pol y(@kinadr eb )3 Wil .adhat B n et
mor phol ogi calv edd fbfeetrwenecne tohbesseer c el | l i nes
mor phol ogi cal di f-FRs encd-FBphRivgehedKBD1l. 4«
Sequence analysis identGJXB2d4B8iIGe Ahenue ao
bot h-KKkD ané#&Bdli@Qure dB. 1 C&«KiCtsr of B s howed
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wil deyRB2zquehicgure . 3.1.4a, <c)

C\GGCC?\CTTTGTC

00N

CAGGCCGACTTTOGTC

[\/\Z\\[\Z\/\ AT

CxGGCC‘iaC TTaP ¢

D/N

AJ\AAJ\/\ VAVAY /\ A

Figure 3.1.4 Morphology and genomic sequen:
pri mary f i br elblaansdt sa fhrecanh tkhiyD donor

Epi dermal keratinocytes (KCs) and dermal fib
i mages (Il eft panels) were recorded wusing a
from cultured cells for sequencse oafiKaKdyD ibg (r

andgBs (d) confirmed the presence of the he
resulting in the p. D50MNQshandgBsaatc prohewad!| wi
GJB2 sequenem. Bar = 100

The mor phol ogyf anndmogretnaoltiyspeeds koer ati nocyt e
prol onged culture peri odanodf cudpdstrem hbOwema a
consistently high #Csel mhenati oedr ahe, candi
st aibn yvi Therefora) tskeseceil nmowere used in
functional studies. For qualityT1dadnte ol ,
used and regular mycoplasma testing was ¢

free cells in all experi ments.
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3.142 Decarse&d BBRNA expr essli krerian i KloRkyt es

RTPCR anal y-bens@f B@RNfAulelx pr essi olmp sthamwe di @
bot h-KKkD and-KCg i gaolr e 3l.nl.doan)trast, no a
detecte-dori ncdBtsh, olal t ARG ne¢e hewas expresse
fibroblast samples. GhbhZes feixpdiesge® ds u g &
but not in fibroblasts, regardless of th
heal thy donor. GJT&2X purra ALiRoang,u aqubiseyguentl y
out usifieg e2VWBRNnd the same primers. The r_
GJB®2RNA expresKCon compKambDed -K®s t(hta.t25 nN cl
vs 1.02 N 0. P< 0.90046p®t6Fd Bl .5bThe resul
were consistent across four independent

a b

-
(2]

=771

GJB2

-
=)

GAPDH
L
o

-473

Relative GJB2 expression

o
o

Control-KC KID-KC

Figure 3.1.5 Reduced GJIBZ2k entRaNtAl rexpyteesssi on i n
RTIPCR with 4pagitfhi <GIJBR2I Ipri mers (771 bp) or

internal commeadl ) n waPNAapesdmpl es extracted fr
fibrobhaeasP€R amplicons were analysedMby 1.5%9
mol eemeligrht mar kers; CF: control fibroblast,;

ker at iKnKo.c yKtleD, pati ent keratinocyte. The passa
asip4u-l Ength GJB2 band was detected in kera
Green qPCR was run in c¢cDNA sampKE€}) &ndmKtOn
patent kerat-K@Qocysiesg (Kh® -B@kRe Blhéete ngasasa R
reduct i oenx prne sGJiBoZhs icno kpabr ed K& st hdthei macomrthnm
shows the data from three independdnBSEMXper |
***p <0.001

3143 Reduced Cx26 protelnkexpriesscynes n KI

The expression | evel of Cx2®6anpd octkeGisnr ona s
Studies by others have shown successful

usi ng coamnteirbcodailes i n crude protein extr
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(Churko et al., 2010; Press et al,. ,0r2017
from human cells ectbBlpigahd yetexplresslny>s ;
Zhang et. aHowew@dr,m)mary testing in our
met hods could not detect endogenous Cx26
due to | ow expression | evel of Cx26 in t
used. Therefondeéd,da etsotaghp méndEExeBEhp st ed

optimised to detect endogenous human Cx 21

Crude protein extracts from mouse heart
(negative cortGsolwerand ucrB ACGE 9B 2% S8B3$ i on
The results showed multiplEeFibguwurded , 3 .0) .t tha
detecting the target band at approxi mat el
antibodies, 3 also detect egdritghuer e2 & .KkLD & ch, .

a b c d
mH mL hHe mH mL hHe mH mL hHe mH mL hHe mH mL hHe mL hKC hHe
102- 102—
-
52—
o ———
31—
* 24 24— S q*
Mo mAb Mo mAb Rb pAb Rb pAb Rb pAb Mo mAb
33-5800 13-8100 71-0500 in-house NBP1-51235 MABT198

Figure 3.1.6 I mmunoblotting for Cx26 using s

4@8B80gecrude protein |ysates were harvested fr
human HelLa cells (hHe) and i mmortalised norn
Cx26r exyi on was examined by i mmunoblotting 1
indicate the expected ~26 kDa band. Al t houg
antibodies in the mouse |iver sample, multip
The presence of extra bands in i mmunobl ot
t he ant5&0Ody®530307 lwasNawgsg e ket al ., 2001; S h

These bands may respelci fifconmeteedthieon,noml
(Gassmann ,etorabdluow 2r0dDyY )of Cx26 i n the sam
to test these possibilities i s i mmunopr
i mmunoprecipitated (or pulled do@x26from
antibodyutg@®t etbeiSrephar ¢seeb&adsiThe Rebyul t
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beadnt i-brotdiygen i mmunocompl exes are then d
the same i mmunobl ot apradaadchrnusbody.a Tste
approach all ows f orrgedncpernottreaitni,o nwhoifc ht

significantlynbonseenati bhef stpgeahssay.

The-hoanuse rabbit pol ycl bonakepniwwabBo&yhoERD_
down of Cx26 and one of thae8lM®dsessemonoc
i mmwbl ot @epeanti cfhils condit iYohB By t é&fiesr
approach, a 26 kDa band was(Hegeceed. 1n7
which was absent in the HelLa sampl €; how

KC sampuMaes tshuaptposed to express Cx26.

buf mL hHe hKC
IP*: + - + - + - +
IB": + + + + o+ o+

76 ~
52 -

31 -

24 -

Figure 3.1.7 Failure to detect Cx26 in human
theY I'®ondi ti on

Crude | ysates of mouse I|liver (mL), human Hel
were i mmumeémrde c(ilpP) usithmgusehenRbbpdl ti(mefer
condition). Lysis buffer (buf) wa s used as

performed using§lObeaMbi maby '8oafietied)t oMak
wei ght markers are indicated a@kDaefttar(gient KkbDa)
(asterisk) in mouse I|iver |ysate, which was
absent in human keraavypochaienl gbat mmuiNogkobh
detected at BpekbDdi@andbamdngmash) at 28 kDa
process.

A possible cause of the -K@g |luy et hen idreitteica
( PHB mi ghet tboe adul ack of ability to recog:
anti b&@&8dy013To test the hypothesi s, t his
monocl onal mMo s e ABABLTIIOBDY. (Thi s approach
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| 2B and it re$ultddtientsonace$s target bar
in theKCoxnda mmwll e, i n additi onFitga riteh T.he Bs

band was not detected in the HelLa sampl e

buf mL hHe hKC

Py + - + -~ + - #*

1B2: + + + + + o+

76 —

52 - - e *k

N - - -

24 — — _
Figure 3.1.8 Detection of Cx26 i n human
i mmunoprecipitdtliBn condition, I P
Crude | ysates of mouse I|liver (mL), human Hel

were i mmunoprecipitat-aduébePantsbbody)t.heleyRsbirsp &
buffer (buf) wastruwsed lammumedadtoitve ngorf | B) w:
Mo mAWABT198 antibody) .(rMdleecweldart oweaisg hitB ma r k
at left (in kbDa). This approach detected t h
l' iver and humgpsakes atdNmecciyftibee lhaomds detect ed
asterisk) and at 28 kbDa {phrasche)ssi.n samples no

TheY PBpproach wakKCusadpoesKI Burprisingly
detected the t-l@&gebubb ad@diifgrucreen Breollt 93 | a
The negative rkGudamdlreen @adhet KItDwo hypot h
p. D50N mutation either affecting the Cx2¢
i nef f i edioennt, pourk | csaiugsninfgi cant reduction o1
expressionKCeveThe nl KtltDher seemed unli kelyy
Cx26 expredsiepndienmKED To tBbtpRANSED® hyp
antibody, i-hetsadaniwabbeawg-edwrn orf @lulldwed
same i mmunoblotting procedure for Cx26 ¢
| # 2B and sucdegs ftuwl detecti eaan b FKOX 2a6t i n
approxi mat eHiygu2 & KDdg.h%. 3T hlkamess)ul t s f av
hypot hesis that the p.D50ON mutant, | ocat e
affected the-hbusdi agtobottihmhewhnch recogni
cytopl asmic |(obip edtomalilng (200&) liammunaobl ot r
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di mi ni shed Cx26KE@x«x paempdroad itnoFKtigDer ,€ ohtX.o
in keeping with the gqPCR I19B swalst su.s edhd nf i

studies involved in immunoblotting for el

CK KK He CK KK He

P+ + + - -
P2 - - - + + +
1B2: + + + + + +
76 - B
«**
52- --
31- 4 4
— | — *

24—

Figure 3.A4p®Yi Mius ¢ dthe’t BBdfiotuinodn ,redPuced Cx26 e x|
Kl BCs

Crude lysakés OCKKCsEnKIKKI) and HelLa cells (He,
i mmunoprecipitated (1 RH)ouwsd nan teii b dhcey') (toheef eRbr.
t he RDb -OpSA0b0_7alnt i bod?. (F mmenobbdotoihB (1 B) was
Mo mAWABT198 antibody) .(rMdleecweldart oweaisg hitB ma r k
at left (Y RABkmHoacTthe(llePft 3 | ggrees b amali lagd ~t26
(asteri«k) sampKeD% WBendt heohP(right 3 | anes)
successfully detaadt-&€&€Di nbbdot hotonnrkeélesL a as a mg
reduction in Cx26 expresascomCd @lvNd t-sapadschidf cinom
bands at 52 kDa (double asterisk) and at 31

3144 Al tered subcellul ar |l ocali satiioon and

KID keratinocytes

I n earlier I mmunostaining sections, t he
was hamper ed alyyertelde smu lutcit ure of skin tis
heterozygous p. D50N mutati on ad @=x,red

i mmunost aiammrirnnggdwaosutc usi ng -8tlL@S escatmeo na n2t.i
AppendiEgkathgrin, an epithelial mar ker, w

me mbr ane.

|l n c&«rCtsr,olpunctate or s mal | | i neacrel €Cx 26
contactgei bés,ga@ sunct{ Bnguept eq.)d eQvfebrdl aaapt si

bet ween GCx&déheamidn Eexpression were freque
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wildtype Cx26 could traffic to tHespl asm
failed to acauwumulraetge omts memdbrshowed a pri
staining pattern in the(Eiygwmpefa)d ntina r@dr el

occasi ons, Cx26 proteins aggregated to f
cedel |l q oFn tgauates )3 . Al t®WaygHt a portion of t
wit-ba&herin, their size and pattern were

conKiCel. Observationally, CxX&sexmprmpaygiedan
conKiCael, in agreemamd wmmbnohlotgPC&sults.

Cx26 E-cadherin Merge

Control

KID

Figure 3.1.10 I mages of | o<caanldi sK&t® on of Cx26
Cont(rad) anKCXf pPdwere mdhonmbkeéai ned f-oadBrglbn(r
(green). DAPI (blue) was count etasntda iKCefl t o i
di spl ayed punctate Cx26 stladcmalnigs@x#wt i wmi tch nd
KCs trafficked to plasma membranes efficient
over | atcd dvhietrhi nE ext ensi vely (c;KCasr rmews) .| olcrald
di scretely to cytoplasmeand)pl Oaama emgmbraamre <
junction plaqueslvwer e nfcaBrad sat(.4de lalr r ow) .

315 Section summary

Previous studies of Cx26 mutants | inked 1
exogenous expressi ofnecstyesdt eHresL, a saelhl sa swhtil
mut ant of i nterest homozygousl y. These s
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het er
ker at
mut at
mai nt
char a
assoc
was s
expre

futur

ozygous natwure of Cx26 mut-la@t st hew K
i nocyte cell | i-In eh edtemuisvzhdg rf rtohne pcaot m
ion c¢.148G>A (p.D50N)Jn wathescceddf
ained the keratinocyte morphology

cteristic aberrant me mbr anmattiroanf f i
iated with the p.D50ON mutant. Furth
uccessfullcy eapt iymids® ehabenvsenlin iaet reddo gl eonwo u s
ssi-kosThns Kp&rigetd cel l | d erted dced n faocrt

e studies of the pathomechanism und
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3. Ror mal gap junction channel activity i
GJJBa21 | el e

We proposed to dewdlrap etghye utsh enrga psd URtNIA t o
of theGJBsxl dretl e with c¢c. 148G>A varGJaBnt , t h
allele to play a dominant functional r ol e
wil délyBz | el e arai abhermal mahannel functi
To address this question,-ahbhl @lBdeetl ierta oyt €
(GJB? was generated from a diploid nor ma
CRI SPR/ Cas9 genoméoentobgoog end Jbennaog (

The Cx26 channel function was subsequent|

3.2.Desi gmdd ggRUBsner ated mut @d Bldoncsi a't

Three candidate sgRNAs, gl, g2 axed g4,
nucl e@tBs2eguence upstream of the protospa
designed wusing the Optimi(zSedctCRINSRPR 8Ddsi
3.2.1)

1 ATGGATTGGGGCACGCTGCAGACGATCCTGGGGGGTGTGAACAAACACTC 50
g2
51 CACCAGCATTGGAAAGATCTGGCTCACCGTCCTCTTCATTTTTCGCATTA 100
g2 PAM (g2) D50
101 TGATCCTCGTTGTGGCTGCAAAGGAGGTGTGGGGAGATGAGCAGGCCGAC 160

151 TTTGTCTGCAACACCSCTGCAGCCAGGCTGCAAGAACGTGTGCTACGATCA 200

gl PAM (g1)
201 CTACTTCCCCATCTCCCACATCCGGCTATGGGCCCTGCAGCTGATCTTCG 250
g4 PAM (g4)

251 TGTCCACGCCAGCGCTCCTAGTGGCCATGCACGTGGCCTACCGGAGACAT 300

Figure 3.2.1 Desisgpnecoiff iccansdiindgaltee gGQJiBdl2e RNASs

Single guide KR&NABs Ccogmhpl gRengdPy sequdankegaiefyi
or bl aicnkmedinggergam of prot P&dMacei t ad N&EEGentk gr
l'ight YrewelewidieBBigniedman GJB2 tadgeig sequemn
recognition &wydughRMA DNAr Geodidbdreeak i s predict
3bp upstream the PAM, initiating gene editin
nucl eotide GAG48Q3dhkeolndiecd et mbler gpgcdosand oB0 i ba
shown in each |ine.
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The sgRNAs were individually cl@®&®Gaesdd i nto
i dfChe(rgege Section, 2wBi ¢hfencddeaithg Cas¢
the mCherry reportemt egrennael sreipbaorsactneed ebnyt r
Positive colonies were picked up and seqgu
sequencing usi( A pteine i T™6elsper i rmeecro mbigignt pl
g2 oirnsgedrt ed are her,e2agndkCg 4 ®,f errg epe dtoi vaes

These -segRBONAIi ng pl asmi ds GAdBRend i gditt-ivmad iidn
293T cel |l s. Cell s were tr an(ssfeeec tSedc twiotnh 2
and the transfection e-f fsafoa cetnicoyn woays felxoawni
for m@leriny ve cel |l s. The transfection ef
plasmids, rangind Fiigame53B. %2t)o 62. 8%

293T 293T +g1-Cas9 293T +g2-Cas9 293T +g4-Cas9

SSC

mChery

Figu2dRkizyh transfectionCatbBi pil as oy URT i dhe [HIERN /
HER93T cells (293T) were transi-Eas9yplaambséde
(g1 -g2@ds9) usiftg FoGeémeved by flow cytometry
efficiencyamd2fheptoisdn. Untransfede edercel ised 2

a negativeawcsoshecoion efficiency is represen
positive cell s, as shown by the flow cytogr:
across all three transfected cell sampl es.

Th&JBe2di taicntg vity o-€Ca st9h e p | sagsRIN Ad s usuall

insertions o0GJRIZAalrgtetitomse qiurntclee cr eated by
by S URVERW@R ease-Aascslaoynianngd fTol | psved Bgcsieq
2. 8. 2)

AGJB2egi on ftlianak ierdQas®yR NtAar get-amptl iebi swadsf P
genomi ¢ BNApZ{fCpp4g D ptlrasms fde20®8d EEKI s usi
SURVEY®RBR2/ R p(ApepesadiTxhdp5ampl i cons wer e
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with the SnURVIEeYaOsRe anbyt hgarasal geéedel ect
cleaved bands were detected at esandnat ed
g4 as9, and ar ound -Clad0F iaghudr .68 830. Db.p3)f or g2

Surveyor __g1-Cas9 __g2-Cas9 _ _ g4-Cas9
Nuclease + . + . +

650 -
500 -

200 - b=

100 -

Figure 3.2.BasSSURVENY®RI ed -Gasi 9dcbt ceecd mugtRaNtAi o n
transfeto8d KBEKI s

HER 93T cells transfeq@tZedagi@t pl aistmhes wfergla
GJBediting efficiEearscsyayby ASIGRBRYORgi on- f |l anki
Cas9 target -asniptleisf i wals fPOR genomic DNA of t
products were reannealed to form h)etwirtohd utpH e
SURVEY®ORc | ease. The intact PCR products was
(asterisk). No cleaved bands-2Bdr e pd & toac tgeld aa
160 bp and 380 bp for g2; the range is indic

The absence of cleaved bands coul dybe due
l ow sensitivity of t hbasaegghr SY &V HYODREe | &
Therefore, the PCR ampliiAcach®nwegevegbolkoo
T (see Section 2.8.2). Positive colonies

using MNhaeell lgndadnd those with positive ins

sequencing. The results <clearly-Cak®wed
pl asmi ds had mut ati ons i n GJ B2, i ncl udi
del eti ons, aBNAcdmtrgéeb s$heesg(fidgurieg3.

efficiencies wefas93. 3( EABPO) ahdg B2 (
forCas9.
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g1-Cas9

WT |ICTICCCACATCCGGCT:ATGGGCCCTGCAGCTIGATCTITCGIG

g1-A [TCTCCCACATCCGGCTTATGGGCCCTGCAGCTGATCTICGTG * ins
g1-B [[TCTCCCACATCCGGC:::::::CC:TGCAGCTGATCTTICGTG * del
g1-C [[TCTCCCACATCCGGC: & t::::::AGCTGATCITCGTG * del

g1-D [[TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCITICGTG
g1-E [TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCTIICGTG
g1-F |[TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCTITCGTIG
g1-G [TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCTTCGTG
g1-H [TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCTITICGTG
g1-1 |[TCTCCCACATCCGGCT:ATGGGCCCTGCAGCTGATCTTICGTG

g2-Cas9
WT |ICTICATTITTTICGCATTATGATCCICGTTGTGGCTGCAAAGG
g2-A |[TCTTCATTTITT::::TT::::::::::::6TGGCTGCAAAGG * del

g2-B [TCTTCATTTTTICGCATTATGATCCICGTTIGTIGGCTGCAAAGG
g2-C [TCTTCATTTTICGCATTATGATCCICGTTIGTIGGCTGCAAAGG
g2-D |[TCTTICATTTTICGCATTATGATCCTICGTIGIGGCTGCAAAGG
g2-E [TCTTICATTTTTICGCATTATGATCCTCGTIGIGGCTGCARAGG
g2-F |[TCTTCATTITTTICGCATTATGATCCTICGTTGTGGCTGCAAAGG
92-G [TCTTCATTTTITCGCATTATGATCCICGTTIGTIGGCTGCAAAGG
g2-H |[TCTTCATTITTTICGCATTATGATCCTICGTTGTGGCTGCAAAGG
g2-1 |TCTTCATTTTTCGCATTATGATCCTCGTTGIGGCTGCAAAGG
g2-J |[TCTTCATTITTTICGCATTATGATCCICGTITGTGGCTGCARAGG

g4-Cas9

WT [[TGTGCTACGATCACTACTICCCCATCTCCCACAT
g4-A |[TGTGCTACGATCACTACTICCCCATCTCCCACAT
g4-B [TGTGCTACGATCACTACTICCCCATCTICCCACAT
g4-C |TCTEETRCER: s s c222s2sss2sessssssssessss s CORD
94-D [TGTGCTACBATCACTACTTCCCCATCTCCCACATCCG:GCTATGGG
g4-E |TGTGCTACGATCACTACTICCCCATCTCCCACATCCG:GCTATGGG
g4-F |TGTGCTACGATCACTACTTCCCCATCTCCCACATCCG:GCTATGGG
g4-G | TGTGETACGATCACTACTICCCCATCTICCCACATCCG: GCTATGGG
g4-H [ TGTGCTACGATCACTACTTCCCCATCTCCCACATCCG: GCTATGGG
g4-1 [TGTGCTACGATCACTACTICCCCATCICCCACATCCG: GCTATGGG
g4-J |TGTGCTACGATCACTACTICCCCATCICCCACATCCG:GCTATGGG

G *ins
G * mis
G *del

a oo

aala

® e
O
al®
reils]

Figure-A3cPoséi ng/ sequencing confirmed GJB2 ge
HER 93T cefldcst etdr awmist hg26€hg8® pllasmids were a
GJBdi ti ng efAf icdioemnany klAywdT subsequent Sanger
of a genomic GJB2 DNA regi ohas9p atnanrignegt tshiet e
subclonecb(Eil\ﬁrﬂ“tvoectthae;r for sequence analysis.

recombinant-A ptl @aAlmi a2 {gdd) showed that all t
edited GJB2 gene at t heir pX edli eahienlg t ae gemb
pl asmiedsalwegrned with the reference wildtype
di fferent types of mut ati ons (asterisks), |
insertions (ins) and deletions (del)

These findings confirmeldedavhatt madilr the e®e
genomic DNA regions, generating various
The sgRNAs gl and g4, which displayed hi
favour abl e clcdiBRerse fiom leandtingocytes. As
target sites close to each other, only g:

3.2.Reratinocyt eGJlcBE2idndr smteedviliyh CRI SPR/ Ca

Foll owing val-mddit@b@2hofg eds KRB TncHEI s, a
di pkerdti nocyte (clilclk slonneetwhsal THEME @QGkh)er at
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t hG?J B el I( sleieneSec.t iN/NTE2RT8 .c3e)l | s weQaes 9% r an s
and the transfection efficiency was e xa
MmChepogyitive cells. Approxi mat eleyd.8 % hter ar
mChepogyitive cells were sorted as single
cl onal ex pGamMBLLeqnendédeof every expanded ¢
Sanger sequencing toGUd@®€ntify desired cl

A total of 76 tr awegfee gtredvnN/(BOEBRZI3gcdatdeeds4q -
COoirs55) . Sequence analysis found 17/ 76 cl
del etions near ( FhguPAMSsRIft BN milJgBi2adit hieng
N/ TERT genome. Of the 17 positive cl ones,

and two (11.76%) had homozygous mutati ol
mut ati o83 an68gB4d4gure 3. 2.5)

g4 target site PAM g4 target site PAM
T cc C A CAT CCG G C T A TGGG CC CTG T C C € A C T C C CG G T TA G 6 C € C T G
N/TERT [\ \ 4-C29 n N ] R
i N\ . - N oA af N o A
IRYaAYS \’ W\ f / \/\/\/\f A/ lf\f\ AV J f‘\,/\ g HA W N ARAana] e VS Vs
TcccacAT CCEC TANNGGHCC NG T cccac TT cceG TTATGEGCcC 1T
4-B09 \ AN 4-C32 A A A i A A
g ka}A VAR ¥-C i S A NA g N N A AV AN ATV
I C CCACATCCG G AT & TG GNLI C NCHNLG 1 C C CACAT CCGB GG C CCG TG ECECT
94'318 ,( \’ \{4 v / \/f_ /\\\/{\\ P L.’ ¥ ;’f':‘/\u{‘\’w’\/ "\_,5\{ ™~ ,\{ 94 c33 \ \u-’\,"\\,’\" ‘[‘f‘\," \“’ “.\ 8 f‘\\’\mf\\ APAA A AL
TcccACATCCNGATGTGEECNCCGECG — s - A 03 - oo sa 0 - AT 3R a Lo
VAN ~ N 4-C41 ;
g4-B21 A2 TVYY ‘LVA‘”\, Ay !\{v AYAV ’C\%\ g ’\i VY /\ ‘\/ /\ \/\ AVAVVAY, VAVVA
I C C C A C AT C CG G C N AT G GNNTICNMNGEG S — e
4-B23 A\ o " p 4-C44 A A - A
9 VYV YARA A/ \{\ A f\_f\?—\//\x’ A 9 \ \/\/\va‘\‘ AAAAAAM W AsAs\
1 C AC T C 6 G T T A TG C 1G G T C C CACAT C CGGC T|lCc T|AT G 6 G C C C T
g4-C28 NooAN AA g4-C36 | M AAN AAAN
Y /\JW NAanraanas bW AVANANA SIS AWy AT [ NAATAYAYAY, VA Y

insCT

Figure 3.2.5 N/ TER7TBeI|l geee wdibhipgsitive G

N/ TERT cell s were tr &mssi9e mtnldy tthreanst sfludog tEa&s€ Swic
sorting for positive cel-BSC Ealphoded by ooks
wer e anal ysed by sequencingamgeta sGJB2 rSeeq
chromatograms of 11 grown cl onal cel l l'i nes
sequence) are aligned. Di fferent deletions (
were heterozygobp. i Asedmpbpawgl¢iboxgd w&86f ound
clone. Note that ©6-edftedtal ohési denatnbi edhge
sequence traces or gene editing occurring sl
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To confirmwt hah

fragment

further

sel ected-BOI9BA &B2 3Cq4-C4 4)
pGEEIVII'vec¢Sect i on P2 a8 m3 ds
segQUReINSFieRMHRuUBf Agppehdi BHB2

bi di
resul ts
del
frameshi ft del et i-809,
c.227 _233Be2gBTalhloe
re
3.2. Oges

further
c h s &rJBad |

rectional

showed five di

etions c .

sult in a premature

for

wh i hsmadel |,

Table 3.2.1.

fferent

wa s

behet gygpg GOBR crhwtn
contai ni ng-atmpd id4 etdarf getm giethe mw;

and t hen

frosn weorsetsulk] &

22-C4238addl 1Ic2 2181236 d ealnd
cc222debkBRdedr@n dffdo r
Fh2e If)ramewbr ét pmedacte
ter mCrad6i p(nToatbd den n ,
a-BAlgheoteh oz GJ BdResl eftoiron,
sSt-Q36 e wiomid h p@JlaBiPe h e Gih @R ,

al so sel

Sequenc@GBgetn BIdTERMgCc| ones

CloneGenomic

DN Ag 4s etqaurednéctd) s(i t

cDNA <chi aa cha

N/ TEFCCCATCTCCCACATOGGGCTA

Wil dtypeW | dtyp

gB09 CECCATCTCCCACKITRAGE ( het) c.224de L76Yfs
gB21 CECCATCTCCCAGEKIMAGG ( het) c.224_2. R75Pfs"
gB23 CCCATCTCCCAGATUTURS (het) c.227_2¢: L76Pfs
g4L«41 CECCATCTCCCACATEGE®GCh et ) C.227_23 L7-B79de
g4L«44 CECCATCTECETCCGEGAGG (het) c.218_2: H7R75de
g4L23 CCCATCTCCOAMAICIT@E (homo) ¢c.222_27 | 7M92de
g4AL36 CCCATCTCCCACATCEIGEXAomo, ¢c. 227 _2. W77Yfs
fDel eted (del) sequences are shown in red alp
fTFrameshi ft (fs) mutation (bol ded) is indica
frameshift occurs from residue L76 that is s
6 amino acids downstream of L76Y.

fTHet ,r chzetgeo u s . Homo, homozygous. PAM: protosp.

&Gf) BRer at i

3.2.Bor mal mor phol ogy
The morphol oBY BF1 c€ 8Bbh evsasgdex ami ned
mi croscopy. Al

mor phol ogi cal

cl onall icked la plp enaersa nscheo wei dt
di fferenceFigomel)BdhpbERAbGE

100

subcl

dferl ®@me ons
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ex psriessn was al so examined Byl 0iOmnujnsaesetoadiyn
Secti@amd2fTluorescent i mages were recorde
results showed punciGdB&c |@xn2eBs0,8tgadBA L gg i n
with gapl agqgued i fomaepeld jaufmiageailrdgn)s3TRe 6patt e
of Cx26 st &JBi2nlgones twwesecomparable to t|
cells, albeit weaker in intensity. Il n co
GJB2I|l on€3fFdgure F.hxs@&h)indings suggest

a singl &8Il Idadlyegpoehad nor mal mor phol ogy, n

junction plaquenfoeoimabi on of Cx26

Figure 3.2.6 Morphol ogy ands Oxa2cbk ienxgp r@IsB2 on
N/ TERT cl| on'd6 gBniot ha-BRIIBWR4 ann'd g@83 B2, al ong with
parent 8lteGIJB2 (N/ TERT) wer e aXaminrde dCxf2dr emarr |
(). On light microscopy, no obvious morphol
| mmunostaining for Cx26 (green) showed punct
pl &pu atelkle!l j umn,ctarornosws()ff’¢ nomes h GiIMi2l ar t o t |

GJB2ells (e, arrows), despite a ré'dbomiesn i n
No Cx26 expressi-GB6wabkodet €hd)e daPnhda | DgAdF Id i(nb | (ure
used to visualise actin filamments and nucl ei

3.2. Hor mal gap junction channedJB&ctivity

The function of gapterumecdt i gap channoel o
commuminc §tGiJ 1 C) , medi ates the exchange of
bet ween the cytoplasm of adjacent <cell s.
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measuring the i ntercell ul ar dye transfe
(el ectrigcgalorc onueptpaebnoaltiiconc o mef( Abbacrc ebup
2008)Among various methods, dye transfer .
these approaches, i n general, do not req
gap | tpreatmeamt dye (e.g. Luciifetri welil nwo &
the subsequent transfer of the dye to it
junction intercellul ar channels <can be
introduced byDmi etoiahj ectio®rebl;e cDif Deptor alt .i
Vuyst etorals-to@2@®Bgr et .alT.h,e 2®@d7n)ehge al so
scr-lapading dye trangfaen daasay | eSIsDT)e,c hing
approach, all owing simultaneous measur ern
number (oefFloegcley | st. allh.e, SILPET7 )assay wWasseechos
Section &@&nd .wa 0 np eNr/ fTErRTe & J BAgeds 0 W iBt2gl4

The parental N/ TERT -C3é&l lcsl,o@&Bawmigichwet al & |

assayed as control s.

Cascade Bl ubB4Bamnuanieeaoedkinotwnac o pass Cx

(Mar zi ano ,etwaast .9adz@e3i)nt o the cells usin
foll owed by incubation for 20 min to al
juncagduwml ed cel |l s. | meargee sr eocfo rddyeed tarnadn stf he
positive dye transfer regions, i ndseeati ni

Secti onDeX.tRha@hyl a miamet BBer f |l uorescent trac

weight of 10 kD (beyond, twas sugedlasnid oc

The results showetdr armhsafterarldd t@asstceadd ec | Bal pue
away from t(hFei gsucrreh)p3eQ2 amaei fi cati on of dye
no statisticalGJB?2tf eneBC&rgBg4lyweeand par e
N/ TERT cells (2292773 N0 43809622 D3 DAN 3692
numbers of i mape sO . 0-8RAly, 0o ARDVA3I W] th Tukey'
compar i sFdngutre)s .t3). ¢ welv-E8 6 t b S F&wiwteld a

reduced dye transfer area compared to th
OMdvs 237137 8 JamdbEr d&mof i megpges0.=0530
Phar macol ogi cal bl ockade -sveltéctciavd emloxmhk «

junction channel(Djanhd!| hami ehaminel,s 2006 ;

102



2013)significantly decreased thdg Fdger eou
3.2. 7Eherensderno-Rha@amrae B in all test.
the dye was confined to the p(rRingaurriel y3 .l20. ¢

j,) suggesting that Cascade Blue was tral

channels. Twas re«peatenenthree times and t
N/TERT g4-B09 g4-B21 g4-C36 N/TERT
GJB2'* GJB2"- GJB2*" GJB2" +CBX

. |1“““““““‘\ ‘i“““““““\ ‘|i“““““““\ ‘I“““““““‘\ ‘|i“““““““‘
- ‘i“““““““‘\ ||1“““““““\ ‘i“““““““\ ““““““““\ ‘l“““““““\
k

1 T 300000
250000
200000 ——
150000

CB background

*kk

100000

0

NTERT g4-B09 g4-B21 ga-c3e NTERT
+CBX

Area dye transfer (p

Figur eNoI.nylg coupl t'’kgrani Gd82t es

The Casclnalee Bl apmardaipreg dye transfeasassaydwa s
coupling through f@apnejdumdgt iNd T ERITE gB @I easn dvi t h
gB21),"(GBBB), or paNM/ehERT «GalBl2s (- olEaRfi)ne De
B (Dex) with a size beyond the permeabil i
Carbenoxolone (CBY¥apwasnosedntohbdhoelks. Rep
transfe4«, o0k) CRBnNMafDeoxm (tfhoea doerd ntaerlillsy al ong t he

shown. Note the absence of CB signals in unw
i mages shmiwfeidc ammt sdigf f erence 1i‘nedlys abndppiang
cells (1), although slightl yceleldsu.c ela tday ea rceo t

SEM. *p < 0.05; ***p < 0.001; N. S. not signi

These results i mheiscavtidg ht lmatsi haedkBHardd adyt vy g
normally functioning gap junction channe
GJB&2l | el es had a statistically significa
reduction is biodogsciadllyescagmfiifimactby eo

doubl e patch clamp electrophysiology for
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3.2.%he optimised ATP release assay did n
activity in N/TERT cells

Cx26 albemfohasnels that serve as a dire
and the extracellular space by passing
me mbr @Ret amal et Helmi,chaamhsb) activity <ca
measuring tehasmembahbhneo’ndiocrt amereme(aeb.igl.i |
hemi choaenrnmeelahtd i sggma |l ecutjd Schal ger AR, aQGa
Unl GRéC assays, hemi channel assays are ¢
which rule out the contribution of gap |
patchtelcompLeree et , adye DOOM&eete aslsalyd2011)
measurement o%andtATa dDlelhwl@dsieyCat al ., 20
2015)The | atter ATP relebdsei measbdeeaent e

bi ol umiareessacyentwas sel ected for measuring

This approach, modi fied ffbomhmparervaondsl!| ya
2014; Stouwast baked »2002he conversion of
the enzyme | uciferase in the presence of
emi ssi on (oFHorad pehtotd#@mot oh%9@)xn be detected
The ATP release through opemgeormebiyn mee

sitmu(lZhao et, adrenpedtdd)®ohyedh y endealo. , 2
extraceid*tbhhhi(eEBme on et al ., 201 Pri drhabc
measurement of ATP release from cultured
were determined. These are: i) the appr
solution, ii) the analytical sen@&mlTPivity

concentrations f or (cptei malctAToPh nRe.alsOu)r.e mer

Firstly, the opti mal dilution for the pr
Mi x, reféheedstshgneamakter) was deter mi ned
(Fukuda eRFiwglyti2®ddids)of the assay mix, ra
reacted Ovi@M s@TPodatds, and the | uminesce
Il umi ndmeteerSect iTohire 2.um@ nescence was plott
the asGhiygwdi.x2 T& results showed that thi
10 OM oATcPur red when thelat8Henand ,x twhaiss ddil
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applied to further ATP experi ments.

® 10 puM ATP
el |O oumare
3 :
- '
[+4 |
~ 4 |
(=2}
o
} E—B—E——E/
24
1:400  1:300  1:200  1:100  1:10
Dilutions of ATP Assay Mix
Figure 3.2.8 Determination of the opti mal di
Different dilutions of ATP Assay Mix,l)rangin
or 1®AIW (standards. Luminescence was measur e

(RLU). The maximal displ acemenn dfdatshthee dATH nhle
Mi X .

Secondly, the analytical sensitivity (al s
be calcul ated as the minimum concentratic
not overl ap with (tLhie aznedr oC g seswoente ,@ €2u0slr 52)iS D
t wo buffer systems DMEMaamgcke PRBS.I oA Pc osntcael
(diluted in DMEM or PBS), along with zera
mi at 1:10 dilution, fol(®oewedSdgyt iTdmi 2 .e:
analytic sensitivity was fodmd (PE@BSphwr & n

X
a

3.2.68)p concentrations of ATP standard ce&
n

constructing a standard curve in further
DMEM Sensitivity Curve PBS Sensitivity Curve
Sensitivity ! 1000 Sensitivity
100 5x10°M 25x10° M
b | '
5 5 ¢
= 3 100 3
@ x
g 10 g 1
A T<=-=--- Zeroleve| + 28D ====== -  f emm-aa Zerolevel + 28D ======
L ] 10"
1 . . . 1 . . .
0 1.0x10¢  2.0x10®  3.0x10°® 0 5.0x10°  1.0x10®  1.5x10*
ATP concentration (M) ATP concentration (M)

105



Figure 3.2.9 Determination of analytical sen
Di fferent | owATRP ncteaandartdon(sn of 10 each conc
PBS or DME M, were reacted with the assay mix
| umi nescence, which is expressed in relative
determi ®@V a(5 nM) for sampledld@ml@u2.ed M) DM
samples diluted in PBS, where the concentr at
concentration (zero level) plus 2SD (n = 10)

Thirdly, a standardamuaper ovarsi gteenec an ean
ATP standard within which &daoldetar mcoer el
seridalllAaff Bdst anld®M,dsi ( OPBS or DMEM) wer e

assay mix. A linear corcoaelantomatwasn wasnl
nM t eM 3f or t he RpEBD.s@ydsstsele t(fMe an dM @fCor t he
DMEM syRt=mO(KP8§G)e. 3SAat aODati on of | umine:

seen when a sample contained ATP &t a cor

Standard curves

106 - -& PBS

s - DMEM
10°

10" -

RLU

3
10 7
2
10 7
10 7

ATP concentration (M)

Figure 3.2.10 Standard curves of ATP assay
ATP standar dP®&9o(rdiDMitMod ai nfr ange of @otme@entr
11 oM. Sedi bBut gd ATP standard was reacted wit
l'inear correlation between ATP <concentratioa
concentrati am3 MaéPBS5sndt em) anDe(eDMEen 10
system).

The opti miwasd test kad BRAN/pBERTNctwadl,lsed i n a

wel |l , pwat b -ncuoHéneax icnrel | s measured in paral
The ATP concentration in the culntdur20Omed ]
nM, which fell in the |linear range of th
and similar dat a wer e obtained, sugges
measur ement approach was reliable i n mea
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samps. Thus, tdbepehdmnthAhBReftel ease was ¢
(see SectiCen IX. We)re i nitially incubated
mM €mhat inhibite&dhnrtdmizc ranmdlhe eéRtdicel
was measured as basesligmenk éyelchaCéehgede
PBS to open(demWohaneel al .I,.,2®106,;2; DdEmrmrsdlo
2012; Verselis aamrdd tSrei AiTPags el 2@8&) via op

measur ed.

The remawed el evated ATP r el eCalsceh ailn eM/gTeEF
by an average of 63%, cCHOBmparedIhdsih)espa
was blocked by CBX, i ndicating that t he
connexin c¢hmdhinmked si.s Tharssifdtent with previ
cells ectopica(Egstapressahg, C2B866®%e v &Xu, e
similar ATP rel €akdaldéemagrs avatssmsaseemdeehac

cell s. Specisfischaolweyd, aHe7l0a% cieniclr ease i n AT
ze€C&t compared to baseline |level. Li kewi
by CBX. The results from HelLa cells wer

experimeguse. 3. 2. 11a)

Theeason for the similar response bet wee
di stinct connexin expression profiles is
assay can be confounded by the pghasartes
pannexiniglleschhaman e,t arl .r,e 2i0dlika|l ATeR monr et,h e
this assay is highly sensitive that the |

preparati on, as shown by \|d&riigalblee 3& &t. d 1fa

these reasons, the ATP release atway wa:
alternative hemichannel assays were consi
These assaysSaecei.das8riédbed in
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a Replicate 1 Replicate 2 Replicate 3

= Baseline No Ca** == CBX = Baseline No Ca** == CBX = Baseline No Ca** == CBX
300

@
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o
@
=3
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200 200 .
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o
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-
=3
=

ATP concentration (nM)
-

ATP concentration (nM)

ATP concentration (nM)

o
o
o

HelLa N/TERT HelLa N/TERT HelLa N/TERT

b Pooled Pooled, normalised
= Baseline No Ca* m= CBX = Baseline No Ca** == CBX

20
L I

w
=3
=3

.
o

200 s Normalise
R —

-
=3
1=

0.5

ATP concentration (nM)
Normalised
ATP concentration
o

o
=3
o

HelLa N/TERT HelLa N/TERT

Figure 3.2.11 Optimised ATP assay failed to ¢
and N/ TERT cell s

Hel(aconmaxil) and N/ TERiTcle|l Wesrd casisiaxedc for
zeCd'challenge. Cultured cells wéyefohhbWwedgk
ATP measurement . For baseline measur ément (F
was used. For heméM hcaamrrbesln obxlod coknaed ¢ ,CBIX0)0 was u
performed in three biological replicates (a)
compari son, data from three indepgendoernitgi exag
scale (b, l eft) and nor mali sed sTchaelree twasr e
i ndi sti ngiCidéhvaobkleed zAETrPo rel ease bet weemeHela
mean N SEM.

3.2.8Bection summary

TwoGJB2and GMB2keratinocyte cell l ines v
CRI SPR/ Cas9. To my knowl edge&JBRénes usind
genome edicteildnghdotiThheesd ey faci |l i tate the eva
the promepedi Al tebsi RNA therapeghdd dbailts afl 10
studies of d nwaorliveetdy ba fo |l Wxg2 & a | processes
tumori glennegi i6d B2ker ati nocyte cell I i nes

me mbr ane t mpafjfuincckiimg, pdaque formati on an
parental diploid cells. These findings st
may serve as a feasible therapeutic stra:
gap juncti oat idred ceyxttess ,i nalktemrough future wc

hemi channel activity in these cell | i nes.
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3.3S7 nhi BUBR.A1 4 8nBtAextpr epaetioemt |y and spec

I n this section, as pseecti fdfc 1s9 RdNaAm doiwkeatt®e da
testing these sdd&NAsekCesKIthaopatil eémt ar m
expressing exogen®&JBPevid dwegmpe @enarudtaend.

all owed for screening of the si RNAs to d
t het anGt) BT he functional e fsfpeccti f 0 ¢ $ hBNAT
subsequently assessed using qgPCR, i mmunol

3.3.%table expression o6JBEFIAdht ypleL andnan
N/ TERT cell Il i nes

3311 HeLa and N/ TER®Blads mouiet sblf ®r si RNA s

AGIJBRZFPusion reporter system-ewdd cdmmltoysad
screening due to its abiliinetmaitne .motHeiltao rc e
without endogenoufEkbgargiweéreaxpuersd 9®a) e
the fusion transgene. Since these <cervi
relevance to KID syndrome theoretiacally,
determine a suitable keraPiCRoEtpteamodpltot
GJB2egweme carried out in four 1 mricreteal i s
Section i2ndllyanagP&®KC (keratinobtpuse)jne
HaCaT and N/ TERT (comme(abhp ThedlaBt2i nocy
expression in HelLa and HT1080 (a human

examined.in parallel

NoGJ Bt2r antscwasp detect é8i gunr He®@ @B scikd tlesnt w
i mmunobl ot resul tssde Saenc teiaorn | 2.rGJHBLc3t,i ol
expression was, dPe8tKeCc taanbd eN/IiTNnERPT6 ker at i no
HT1080 and abs$ést EnGldEBBpdessi on in HacCa
been controver si @JB®2ROINMAe | st HdyDadlre riceddltlyesde t
2012)but others fail eds & docyd E Enercutn O o6k Kpir nogt
2015)Thus, N/ TBRT odelHasCa Ti ncsetlel s, wer e Seé

transgene in subsequentl | siHRNA steddise sver @«
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HeLa HT1080 P6KC HaCaT N/TERT P8KC
Figure 3. 3.1 Endogenous expression of GJB2
TotRINA extracted from six dif fqauraenrtti tRa@R Iv el iRAT
for endogenous GJB2 expression wusing primer
GAPD&Hpeci fic primers were used as inté&rnal c¢

endogenously and N/ TERT cell s that expressed
si RNA screening.

GJB2

GAPDH

3312 Ectopic exgprB&@s®iramsgfene in HelLa and

AHI-Y deri-vedctsehting |l entiviradprwvesdioon v
0lGIBRFR ransgene in theeselSect eTdirec &lelicZ )oirn
constructed to &dBBARHRr emGHh B&AR Bvo htda iympieng t
c.148G>A mutation, whose expression was
(Fgur) 2h&ir protein products are hereaf
Cx 2GF P, respectitwwalnys.dutedt iHeiLraal d1yd N/ TE
enrichetpdpul aGFiPons using FACS. The trans:t
was deter AR dushiGiBEZEMREL pri merGIBLpdnni n
GFR DNAAppendi x | ,anSlamomnuinmmst 2i &) nhgo utsxi ng
anti body dApiprexntdi @x2RA.67,) Secti on

The -PRKR results showed a mar kGeJlBGF R oir eas e
FAGS&nriched HelLa celnlrs ch@Ripgreed 2o FARP

enriched HelLa and N/ TERT <cell s (aRHisgurseh ow
3. 3. 8Bb wk@ hCxtzheeaicdi cmgal i si ng WwWiFtilgu@GEP 3si3gr
f, .i Folr) those transduced wiGFIP Wubkdbownperhb
expression was found predominant-tgllin a
interfaces with formdtFiguref 3B8p 8Bjomn e faisad
mut antonf psy otein showed a primarily perir
with previoesSwapimor ts al . , 2011a; Di et
2012; TerrinonGapetj uanlc.t,i on0 lpd)aquelscewdr e o

contact in a smxlplresshagt NITERAt et | s, b
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in mexametssing HelLa <cell s, indicating t
expressed in N/TERT cells, but absnegnt i n
of the mutanti nprvadtsacdane hasmigragvi ously be
cel Hsramsf ected withGIWwvB(2det yYSweom &m de t muatl a n, t
Mar zi ano etTler ewddd 3o herf ference in fus
bet ween HelLa and N/ TERT cells. These res!
cells can synmtahrerspepametigethltodud awnd dt yGoFeP and 1

fusion proteins.

HelLa HelLa-WT HeLa-MUT
FACS: - - + % +

GJB2-GFP

GAPDH §ja e S —

Figur &dAS3 eariched expPpPessaasgeheGIB2HelLa ce¢
HelLa cells expreWs) ngr wmlbtMtuiip e FEPR btar ansgene
were enriched cheyl IFACSTH o re f&RiPd lehdHKH 19 el InDd nw
subj ecRCR operals f-GF P GadBRr essi on. GAPDH was wuse
There was |iGEPebtdasadsGIBPt dsedretcede dWT na rbdo t MU TF
compared t-&ACHBartt eédn cneolnl s . No GJB2 mRNA expr
parent all sHd lH® Lasd .
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N/TERT
WT

N/TERT
MUT

Figure 3.3.3 EXxGpPedsiisomnofpr Gkterbann sidru cdeen t iFAiIC
enriched HelLa and N/ TERT cell s

Lenti-vranbktwvecseodr,t eFAACel a and N/pPRT ade lolns ) ( w
examined for f usiboyn ipmmnoutneo snt aé xip onegs su s@ Mtgi btold
against Cx26 (b, e, h, k , red) or by -GFP si
|l ocalisation of both signals (c, -GF,P i(,WTI),, Ve
punctate gbapi pbungtanond pl aques -cvedrle jpurnicma roinlsy

arrows) . I n cells expressing mutant transge
pattern was observed (f, |, arrowheads) with
atedél | juncé6tOrons. Bar =

3313 Successful isolation and expansion of
l enGi B2

I n thenFACH'&Nd TERF and HelLa c®ICIRs,anal ysh s
usi ng-GERBZ/ R priomeras regi on slpeam@GiiBbh2g ne a
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CDNA,GXB&F P usi on regi on a&rFde DXNPeA pfpiernsdti x8 @
Figure sirprds)ingly reveal 6d BRQRWvdbr ahoge re
(571 bp and appr oxi mahtee Hfya h9g Ch Kt pa)r,g eitn baad:
(Figure XIe3j.ukea) i ng anpa lbyasnids roefypetalrea dbe7al 1 ¢
del etion be4w2edd BdBa2DNA,nsbut the deletio
t hGJ BRFP usi on( Fiegguroen 3.h®. Sh)bet er band (ap
700 bp) was also isolated and purified f ¢
background noi ses, perturbing base read

possibly due to |-bw abandancptof the 700

a

RT-PCR HelLa N/TERT
GJB2-GFP-RT2

M U WT MUT U WT MUT

b
PCR: 766 bp
Full-length = -
transgene
—{ emv GFP | —
678 bp
PCR: 571 bp
Shorter o -

transgene . ' “.1,25 GFP

452bp  31bp

Figure 3.3.4 Il dentificatiGé&®P o6f ahwgesb&oi hebul
enri cheteL@FPand N/ TERT cell s

RTIP CR a nfadary 6ps, t r-amesqgiefniec regi on found two a
of amplicons (around 500 a-edr i70l0eHtedGHF Fanldeng
N/ TERT cell s expressing wildtype (WT) or mut
of the zeandaro®und 500f rbapmeb pgledSel et ednawi f hin
(b). The GFP s&gqgqepoeiwgsointhetother shorte
unsucckResds fbudx.es in (b) denote binding sites

Thi ssbg9del etGJoBmRasvi hn i nbeen reported el sew
in theGIJB&2DN®e sequen&Kesi o rkeCG§iSr otli on 3. 1.
Figure A Dbos)sible cause of the deletion |
which may be attributed to certain | enti
MRNA processingCiavattadanmoset aé¢l [, s2010; H
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To test whether a crypti cexsopgle@OBCEFSH t e w:e
transgene sequence, the transgene sequenct
Genome Project splice s(iReeesper eedti cath@r, s (1w
site obptdel 29bon, i .e. GT diandl 4D4, dwa
predicted to be a cryptic donor Osipll)i,ce s
favouring the above hypothesis. Al t houg!
solved by usi 6§BsxecqgdudnMa@p toi nainsde dChappel

a
e
nstead of GuBdemqoguematei,vean alternative st
S
0
n

ol ation-l e UtIBE2e prfaid di ng Hel a popul ati c
pul ations. To achieve thatpmsbobgke FAESB
ri chewli,l d@FPyApreessi ngexamnrdesmutngnhsktel Secdli lo
.12)XGrown clones were anal yskRGR fwgi ntgr atnh

ame primers followed by sequencing. The

®® W N d T

xamined using fluveesSeantcieomi ZroDsamogpy?2. ]

A tot al od X br evd d idrnt gy por e/9s imug abkhélL a cl one
to conf HPWCeRn caen.a |l RTs i s -ldeentget-thp e7tibabn d e i hu lall | £
wil deypreebksesneg ¢ref-&wWhsy edot owlnisc W1IW4 and W
t he-bH7 b(aFnidgur e XHeF.uxa)ci ng of -1t be@EBZI one
sequence. Il n contrast, only 1 of the 79
expressing cl obpsbahdwewht he 766 others
574p bRingune. 3S8gbance analysis of the M1
of -feh®dBR2equence containing the <c¢.148G>
remar kabl e morphol ogi cal di fference betw
HelLa cel |l s. FIl uorescence microscopic exatl
two mutant cMdnNneshdwdd aemmxdpGER sif oai o Lxd
(Figur e 3ho3webvber |, there were distinct e X
mut ant cl ones. The fusion protein in th
showed cytoplasmic tbocaéei axhomgsivhgd ot &
showed a ptGFdt aetxepr@xs36 on pattern, altho

| ocali sation was observed in a smal/l s ub:
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M W1 w2 W3 W4 W5 M M1 M2 M3 M4

‘—_‘——————u— -766
u— =571 -571

M1 M2

Figure 3.3.5 EQPPR etsrsamngerfe Cixre6cl onal HelLa ¢c
Silng cel |l cloningrams ductskarlteerdd CBa ral Cgl | s 1
expansion of 5 wil d@FRP ee xapnrde s7s9 nngu tca notn eGJ. B 2A |
(WW5) and 4 representM4t)i vee rneu tfainrt sRCIRonfaadsy s(eMl
GIJB@ZFP expression (a) with 2 c¢clones from eac
mi croscop@FR oax ICrxe2s6si on ( b) .-WRA) | e xp med rsigtdhpfeu Ic
transgebnpe ,( M6t h W4 and W5 clonestalh®oasgerpr e
(56pp) (a, left). Among mutant -lcématels ,t roan g e
whereas M2, M3, M4 cl ones expressed the shor
showed strongGF Ppuenxcptraetses i @xn2 6htb , SEXFRAG6t p rpaatneeil s )i.
the M2 <clone (expressing shorter transgene)
maj ority of M1 cl clnean gtcheltlrsa nsegxepmree)s &GFhPgwe di |l d
expressi Bar80Oastt er n.

The W1 c | oenses etdh dttehregfgurl wi | dt ype transgene
and proliferated at a comparable rate t
subsequent si RNA screeni Agenglthhe nMlt amlito nter
was al so selebaad, ©ht hbeght haek TERES
keratinocytes expressed t he sipl ditey pe i @m,r
del etion did not affect the c¢c.148G>A mut
target (see belosw)wemedahsgocesetteber cel R
out -tyelel speci fic artefacts. The sWll,ected
He M1 , N/WTE RaTlnd NMUTERT
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3.3.RPiscovery of si RNA S7 tGlaBe. slell8e&ctAi v e
mut ant oveaJBwi | dtype

3.3.3et4uence wal k fopediefsignsioRNAd | el e

The sequence wal k method has proven ef f e
di scriminating between mutant and wildty
(Hickerson et al,. 2028 ;usTmac hhehti setapalr.oc
al lsepleeci f i,c -Ss1i9ReNAes d,e swigtnlredeach spanni ng &
c.148G>A maXB2Fiigrurien Bh&8sé&) si RNAs were d
standard 19 + -n2u cfloeronta)td, & a(f.eget iangl9s equenc
deoxythymidine dinu8&adti dbeovVveathamngoatr
shown to increase nuclezeél|l sesamainglt a mc ec ud ft
(El bashir andal nct @dw®idrag nsi RNA design.

i rrel evaanrtgetmomg c ond mto,] hagAERAsSW@SI used &
negati ve cont rfsli, RNAn dt Al s} )emeaes used

positive control

|

GJB2 wildtype 5’ -TGTGGGGAGATGAGCAGGCCGACTTTGTCTGCAACACCCTG—3"
GJB2 c.148G>A 57 -TGTGGGGAGATGAGCAGGCCAACTTTGTCTGCAACACCCTG—3’

GJB2 c¢.148G>A-S1 AACUUUGUCUGCAACACCC [AT] [dT]
GJB2 c.148G>A-S2 CAACUUUGUCUGCAACACC [dT] [dT]
GJB2 c.148G>A-S3 CCAACUUUGUCUGCAACAC [dT] [dT]
GJB2 c.148G>A-S4 GCCAACUUUGUCUGCAACA [AT] [dT]
GJB2 c.148G>A-S5 GGCCAACUUUGUCUGCAAC [dT] [dT]
GJB2 c.148G>A-S6 AGGCCAACUUUGUCUGCAA [dT] [dT]
GJB2 c.148G>A-S7 CAGGCCAACUUUGUCUGCA [AT] [dT]

GJB2 c.148G>A-S8 GCAGGCCAACUUUGUCUGC [dT] [dT]

GJB2 c.148G>A-S9 AGCAGGCCAACUUUGUCUG [dT] [dT]

GJB2 c.148G>A-S10 GAGCAGGCCAACUUUGUCU [dT] [dT]

GJB2 c.148G>A-S11 UGAGCAGGCCAACUUUGUC [dT] [dT]

GJB2 c.148G>A-S12 AUGAGCAGGCCAACUUUGU [AT] [dT]

GJB2 c.148G>A-S13 GAUGAGCAGGCCAACUUUG [dT] [dT]

GJB2 c.148G>A-514 AGAUGAGCAGGCCAACUUU [dT] [dT]

GJB2 c.148G>A-S15 GAGAUGAGCAGGCCAACUU [dT] [dT]

GJB2 c.148G>A-516 GGAGAUGAGCAGGCCAACU [dT] [dT]

GJB2 c.148G>A-517 GGGAGAUGAGCAGGCCAAC [dT] [dT]

GJB2 c.148G>A-S18 GGGGAGAUGAGCAGGCCAA [AT] [dT]

GJB2 c.148G>A-S19 UGGGGAGAUGAGCAGGCCA [dT] [dT]

Figure 3.3.6 Sequence walk for design of <can
19 si RNAs in -&a® taegébr madtesoéxdydtehnycnei dpilnues di n u ¢
dTdT) were designed using the sequence wal k
posssibRMAs that speci-fucla¢dtyi deargebstihteutsii org
148 (c.148G>A, arrow) of GJB2. ThesSl Si(RONA a
S1IS19 in short form). Wildtype and mutant GJ
with the 19 si RNAs, with the ¢.148G>A mutat.
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3.2.0pe2i misation of siRNA transfection

Optimisation of transient si RNA transfect
usi AIGFPsi Three parameters wesrfeecotpitoinmiesfefd c
i ncludangf ectciomrc erngaganton of si RNA, and

anal \Wariisaus conc@mR,r artanognisngo ff rsom 0. 05, 0
tested i rrnoulckhfeFALGBEF-Br N/ TERTwicled®@JB2 xpr e
GFR Hee'Wwa and MMWITEREBspectively). si RNA wa s

Li pofeceambdneg L2K) orf RNApPp A Xc t(aRmN Ansedl A X )
Section T2held4i)nhi bition -GFP GW®s eapakgsedn
cytometrg 48h24h an

s-GFP was shown to inhibit-atnhde NGWFE RElxIlplr € S ¢
in addpeeredent FimpnmerQ@niBy 7ydFPd iGxh2a i ti on
10%) was observed when cedFIPs Vbdirre ntgrea ati en
wa®bserase@d&P concentration wa s tGFPr eas e
concentration tested, 50 nM, transfecti
inhi bition than t-ndtckV|l E2K8bM teWNTh3eheL a
cells (54% (vVBi efu23%)3..arka ,@ddchar i nhibitory ef
at a further (Fi goer g8 mBu.giglie,s48mg -GRAt ef f
knockdown was achievedr amssfeatl pyn.as Si2mid
concentrat i(cOn r6hj sBRANecammended to av
cytot oxi-tcdartgetfo Fewdebrftosv e t&GHPI .c.onz@mE) at i on
than 50 nM were not testederNedapmpdeci ab

mi croscope in transfected cells over the
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a HelLa-WT 24h b HeLa-WT 48h
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mock 0.05 0.5 5 50 mock 0.05 0.5 5 50
si-GFP (nM) si-GFP (nM)
c N/TERT-WT 24h d N/TERT-WT 48h
120 120
2 2
B 100 B 100
5 5
B % 80 TE =
L2 2%
[ © O
£ £ 60 E <€ 60
53 50
23 w L)
o o
2 o | L2k 3 |
=RNAIMAX =RNAIMAX
o 0
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Figure 3.3.7 Optimisatio@FRf si RNA transfect
si RNA transfection-WasandptWInMiEsReld son THelsa ¢
transient!| Ydutpdl acsaftectwed hi @i fferent concentr a
GFP) wusing f2i0o@df  dt2e&Kmi rbe ueR NAdir MAX p(oR NeAit MATN ,n €
24h ( a, c) ot r &ABhf g dbt,i odn), pcoesltl s were anal ys.
expresssendewhease directly correlates to th
normalised to mock control (transfection reas
by-GFiP i ndapeosdent manner. At the highest <co
with RNAi MAX induced stronger GFP inhibition
at 24h and 48h. Data are mean N SD.

Since-GFRecsesncentration of 50 nM deliver e
mo s t potent i nGRFMi wi b h guwtro viExWRs6i e | | dea
transfection conditions were used in subs
point was used thereafter, unl ess ot her wi

3.3.Rd8ntification of S¥%dpesidipotsamRNAand

Transi entn torf arssSIRAAL 9dNVd KHeddMHetal | s, as w
N/ TEWRT and NWUTEREI I s, was performed with
and sm&dNAated gene knockdown was deter mi |
GFP fusion prot eitnmsafeexgtsieers Semct2dm RodHd)
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Differential inhibition was o&F@rvadtbet e
cell (Figese RBlLt3h&)gh varying results wer:
bet ween HelLa and N/ TERT ceplrlosd,uctien es ii RNA
activity between the two cellular model s

groups based on their targeting specific

Cx 26, such as S1; group 2: ICIRi6b iwti it dhn  poof
speci ficity, such as S3, S6, S12, S13, S
of mutant Cx26 with Ilittle effects on wi/l
efficiency of S7 and S10 waMl magp pM/oKERRLt e
MUT cell s, while these si RNAs did not i nl

These results indicated that S7 and S10 d
GJBs2equences. Since S7 showed himghi biepir ol
of mGIIdB&Rtr oss three independent screenin

further study.

a HeLa (clonal) . w1
M1
c G st oo bttt s 0 b b B B O e S B R 8 R R LB bR SRR
3 >
E-EIOD
.8 g a...' .............................................................................................................
2-5 ¥ o & I . T T
(] 50
Ed !
50
Z 0
PR NSO MP AL O NSO A LD O
,00‘.\@;(6%%6%%%% 6\6\%\%\6\6\6\%\9\6\
& &
b N/TERT (bulk) .| wT
MUT
c 150+- .
3 =
Egm
Be
2 £ 1 f
E&s 1 ..M R - 1] x . y
go
PR NP L AL O NAD NG O A DO
_,oo‘,\\é S G & G 5 G 6 o %%\:’\%\‘9\%\6\%\%\6\6\
& o

Figure 13.h3e. 8moSs7t potent and specific inhibit ¢
Cl onal HelLa (a) and bul k N/ TERT cells (b) ex
and MUT)GFB8JB2 ansgene were transi emtnldy dat @ans
Ssi RNAS19S1 si RNA ®&F&I  npobsGEPvéstcontrroal) , or
si RNAopns$i, negative control). Transfected cel
expressi on.i BIFHPen tdegnespetays e nt s t he inhibition ¢
were nor mal-daosnetd Iteov etlhse. sTihe bharvehaessal sbofivr
i ndependent experiments. S7, t he |l ead si RN
c.148G>A mutant, but did not i nhi bit t he will
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3.3.BRobust Rsupteactiifoinci ty of S7 confhnr med

expression

The speciffarcindytBeBds Sf7urt her conf iGJB&d by
gene expression at mRNWlaaMdHOpcoltles nt i ave
with eithei a®gedi ngheomamol si RNA. The i
assessed by qP&GFERUPSsCRIgprtineer@lB2The GAPDH
used abk cat(eAmpamdi x |., AStecptriootnei2n 5l)evel ,
S7 was examined wusing fl 6weeySemanon Rol
i mmunobl otti ng u0s50n0g atghadi AgeteirGko2déy | 41 Sec

The gPCR oweedgulat sr ecadhB&F Romniser i pt -ML 82 % |
cell s wiisSfatceodnpared to those treated with
1.00 M G&. 124,independent px®m.ed5, mé&ttsd ejatc h
(Figure 3lh3.r%)g wafsi aant Gd B&F mREAcketi ween t
Helvdl cell s treated with either S7 or <con
= i2ndependenteaexp grlomis .t &&Sttggse nt

GJB2-GFP mRNA

o 18 N.S. * M si-cont
] |_| S7
-
© 40 T
o
>
Q
Q
2 05
©
e —
0.0
HeLa-W1 HeLa-M1

Figur eod3.eht9 and spacigketcnmguibdt i SGnconfirmed ¢
He -Vl aMld cl ones transiently trawgtoshegt ed Bi7t
anal ysed by-tgRQR ex4h egnwe d¢Tirfaincs gpernieme rGF B panni
bormrdevere used. GAPDH was wused as an interna
dat a2frochependent experi ®@@nfashwbihbhedathei brt
potently and sMEeccélilca,l | whiilne Hedavi Datdahe wi
mean N SEM. *p < 0.05. N.S, not significant.

FI ow cytometry analysi st waat eMilsideMder f or n
cell s, where the ©3Bwa&ksd orwenp reefsfda nctieedh clyy itn
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GFP intensity. Theawsgd!| as mahawedshhat &
GFPHelkMl popul ations towar d@EFitghuer en e3g. a3t.il\
i mpl ying robustGHP he xbpirte sosni oonf. Cxh26s shi ft
M1 cells treated wit hW1t hcee tckaarn terdo |wi stihR NSA7
contr ol si RNA. Quantification of fluores
i n BXR2P6 expressi omMlofced % it ethedlead wi t h S°
treated with the control sdadNMP droauw®, Np 0<
St udbetnegst ), consistent with the initial s
di fferenGEPiaxExe$si oWl bede¢ lwleent Hedtaed wit
control siRNA (0.97 N 0.0.605/,s GPt.tedsBe Y\t 0. 0

HeLa HelLa W1 HeLa M1

uT si-cont S7 si-cont S7

3]
7]
7]
GFP
b c N.S. dekk
g > 15 —
E'a
s 5 1.0 —
Lc
S 05 —
=z 0.0 5 .
si-cont S7 si-cont S7
HelLa W1 HelLa M1

FigureP&8t &8ntlO0Oand spacigeit ¢ ngquoét i SGnconfirmed

Cl onal HelLa <cell s eWdnessrn nqu-BEPtd( WAB2 ( He L
transfected with eithkhernt9dnwaerryet hbewcpownt o mét sy
GFP expressiaosdubtled (UT) HelLa cells were wus
si RNA transfection, approxi mately 90% untre:

Treatment with S7 tHealdMdcal | eftowhirfds oég&FP
and this shift-Wagcenadts.s Qarmanitn filelad i on of GF
reduced GFP expression in the M1 cells treat
s-cont . The bead davnatfrempobolr Dadapandemean:
SEM. ***p <0.001. N.S, not significant.

The results of Cx26 i mmunoWl oaMld gl dkeqgweé
target band was detected at apoprtohxei niautselo
of Cx26 (26 kDa) samd e@RP wi2t7h( KD apy te va donu,s 2
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Thek®&d band was not seen in paremtaln Hel
the target baneMli rcted d ssi ttyr eiat edelwa t h S7
transfected with(Rihggureond3D&®nsldloRMAT i C
confirmed that the reduction wa(sFi8dlur3e3 %
3.3)11®B rneidnuocrt i on of 12.33% in Cx26 expr
Helvdl treated with S7 compared to those

i ndependent experiments); however, t he

experimental artefecwi ladst yspuec he xrperdeuscstii com W

other assays. Future work will be requir.
a HeLa HeLa W1 HelLa M1

UT si-cont S7 si-cont S7

|
-
B-aCtin _

-
wn

-
o

0.5

Cx26 expression
(normalised to si-cont)
o
o

si-cont S7 si-cont S7
HelLa-W1 HelLa-M1

Figure 3.3.11 Potenargedisgeci fE5E¢ maobfatri med
HeltlVdll ewl transfected wistihRN&70hai) twee ec amtad o/l
i mmunobl otting fbactCr2®asxpsedshlea at droqat nlga
was found in allommaapsedescedkcldpl a facdea Inse r(eHe L
nor mal i sed t ecotnhte |reavdegeatc.tdiddvcemanise i n the band
i n-t3kat edl Hedlal s rel abihveat edt Hadlalisan (sd) , wk
densitometric analy3hereawad omnbddtdi fbfee r8elre
bet weedwWlHekbhlwi tth eaittedl@Eheobasi RNAst i s pool e
i ndependentDaetxap earriemenmetasn. N S E M.

The duration of silencing etfreat edf NSTER
MUT keratinocytes attrahslec48 om asdng2 qlP
transgene exprGFsesR OR . p rTihmer&G) Bwer e used f
transgdmre awhoi di ng det eGJd Bedxnp roefs sti loen @ md o\
keratinocytes. GAPDH pr i me(rAsp pneenrdei xu sle,d Sae
2..5)

122



The levels of mutant tr alNX.geeme .(i0r0H), bint i=o
at 246N 3387 %H&P. 01,) narrdB43. D8% at 72h

transfpgect®0i ®&d, (n = 3), cdmpareesd etdo au n ttrhesa
ti mei(Rt gure) 3TBed@ fi ndi ng smesduigagteesdt ei dn hti hb:
of muaJaBRtoul d | ast at | east 72 h from t

ker at iinno cwitterso

GJB2-GFP mRNA

o 15 HuNs?

o

H

5 1.0

51‘.» ok

g_’ Fokeke ** T

= 0.5 —_ o 7

© e

D .

x :
0.0 - - -

24h 48h 72h

FigureD®r 8til@n of gene silencing action of S
N/ TEMRUIT cells were transiently transfected,
exprenasoiGFBJB2ansgenepaitndsfipreot72hmeas me
The bar chart shows pool edhrterean sngdeemes nadxemrt e ses
The resuthat shbwedene silencing efefrieci6eOn¥,y o
54% and 43%, respaant NvSEWM. Ddtpa <drd1 or ***p

3.3.8ection summary

Il n this section, t wo exogenous expressi
expressing theGWBRFRRypieomrt mansagene wer e
using these systems, S7, t hrau tpaott ieoart  Isii RKNe
KI'D syndr ome, was i dentified and its ro

confirmed at mRNA and porfotaei n elaessvte |7s2, hwi 1

did not inhibit the wildbhbgpmusaguensnegquwh
singlse,bnor cause appreciabl e | ossskionf ce
model s. This provi desf uancstauonndal c ot netsetxi tn gf o

with this si RNA.
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3.457 reversed aberrant CxKXCs channel f unc

S7 has been shown GUI®B2s pnd&RNIAf iwd anhhul tya tilmHiG>
l eading to efficiuegmrintk Cxe@lbdpwrmtefi nt hd hm

gap junction channels and hemichannel s w
nei ghbouring cells, or between the cytop
of i ons and small mowedut bat Phevcolgdg86&r

GJBa&f fected both hemichannel and gap jun

the mutation causes enhanced hemichannel

measur ement of the(ledeeceéetrtiadl , c@@®O@ct droc
Sanchez et al ., ,2®fbl; ( Weur reitn oanli a,ed2 GO P),

rel édsaeanel ly et al ., .26b%pve6&arcthoste &LN
used exogenous expression systems, such e
ability to model G B2thted teir mrezsy giow sKisb as ¢n
KIBCs, which expressed hetesbyygwesecut:«
evaluating Cx26 channel function. This w;
specific S7, and subsequent measurement

3.4.%7 selectivel yGJliB&hl bl eke@dsr mKKt Bnt

KIBCs amtdiK€le were treatetdawgethi 5§ oont hel
50 n M. -fTowern thyeturresa t pmoesntt Gh Bi@RRNAD oagredh 0@ s 2 6
protein expression wasJe8RXmdnhkedpbiymgPE€RSsHQq
fulldngt h e nGBbR2Z DIAuSAppendiSectionl 29 and

i mmunopreci pi tyalf®ppr use tntgi otnh e2 .16P and Sect

Nosi gnilfoiscsa notfi nv itahbe |tiwteeypa t cebdsyecrdMidgeht mi cr o
suggesting that the ismiiRNA$hehagdCrRo reytud tt ¢
significant GdBERNAoDf i A4 1-KO®d al rkdaDt ed wi t
compared to those treatedvwi tOl0 tNh@p OdBnt m
< 0.01 06 -tSa¢ utljeqir € 13n 4t K& sa ematt real wi t h S7,
slightly increased mMRNA expression compar
but the increase was not statistipally si
0. 26, &Sttadeht As ther sme@baB@RINA y( infstAadf
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wil dG6YyB@2RNA) has bee®ectoindntriBee8lobisner vati o
inhi bition here indicaiK€sds twhaast pohenmltyar
by S7.

GJB2 mRNA [l Untreated
M si-cont
1.5 N.S. *k 57
-

1.0

0.5

Relative expression

0.0

Control-KC KID-KC

Figure 3.4.0LnBvrbsekdcmuvahyKkC@IB2 allele in K
The expression obr Géd KECtsmBRN A aitre dkKwilirh rBS&t otrr &
control -cooinRNA wessie measured by gqRPCGRgu$i rcgl BRr
cDNA. There waesduac tsiiognniifni ctaontta | GKB2 IMRNAt e x|
with S7 compared -¢ont howketeaatread mweéddlctsiion

KCs. The bar chat shows pooled data from thr
SEM. **pN.<S,0.n0O0lt; significant.

The expressionKoBCCx a6t dKiICavtaesirrdb birnn her e x a
by i mmunoprecipitation and i mmunobl ot ti ng
of 56% (&Gda%M,ge B2 in endogenous KCEREZS prot
treated with S7, compared tOoFthose [Bmr éa?
contrast, there was ailmdi% d= id)criems@x & &b
in c&KiCtsrdlreated with S7, compar edhitso t ho
experi ment was repeated three times and
indicated that S7 had GlbBdnidg 8GelAeat il el ey
wil deypael | el e &FfCst hevhKich was confirmed a

|l evels
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Experiment 1 Experiment 2 Experiment 3
HeLa Control-KC KID-KC HeLa Control-KC KID-KC HeLa Control-KC KID-KC
cont S7 cont S7 cont S7 cont S7 cont S7 cont S7

IP: Cx26 (IP?) '

IB: Cx26 (IB?) . ‘-

IP: (-)

IB: B-actin ”

A

HeLacont S7 cont S7 HeLacont S7 cont S7 HeLacont S7 cont S7
Control-KC KID-KC Control-KC KID-KC Control-KC KID-KC

d
o

Cx26/ B -actin
Cx26 / B-actin
Cx26 / B-actin
o
»

o
N

o
)

Figure 3.4nhibelteomni wvé mutant GJIB2 allele by
The total KrCest @irnkCainnt rkellat ed wi t h S7 or the ¢
i mmunoprecipitated for Cx26 and nigh efhl’eBndaPs ur
appréaele Sectficonn2w@)pl used absrbhpnpsdiuogdcbaetbac
(HeLa) were used as negative control. Result
(a). The bar charts show eax mrse Btahddoin®xl2e@/teil o ,0 f
individual blots (b). There wasKGs 56r% arteeddu cw |
S7, compared to those treated with control S
expressi oKCsS nt comttgtbée wi bh t he si RNAs.

3.4. R2berrrmaenmmi channel and gap |HKEst iwemef ul
corrected following S7 treat ment

The functionKG$s wWage6funt KéeD a(sSectsiean b3/. ¥
and dye uptake f drSeltdmionbh@drn®h)ea&SLDVI &y s:
(Secti.on 2. 9)

3.4.RPaftch clamp revealed hypeKGs,ti wki dhhen

were corrected by S7 treat ment

Patch clamp is the most sensitive and qu
detfewrtcti onal gap junction c¢h(@Ankdcci tdtata
2008)This techni qgue pecrenilt soarheasniomedl li excgu r a fe

passing across the plasma membranes throc
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configuration enables shedeesi né eé¢lelctirn
experi ment al conditions2*cengenmeabirame wh
known to regul ate activi t(yBarfgiheelniioc heatn neel
Thereforeceltlher awdod @i ng was chosen as th
Cx26. I n general, thisfimetdddglragsi pepect
pl aced in contact with a smal.l patch of
f olwWled by the application off egienntdrt sugitgd

GY)seal bet ween the pipette and the pat
significantly reduces the experimental nc¢
by applni caft further suction,-callll omembgr arh

current sCa'mMéeorzeeirmg condition for Cx26 h
have been publ(iLselved rertewaloti,bkedyOlex)or ded
currents under this condition re-parnedsent
c o nKiCa |, wi t h no contribution of gap ju
aalysed for hemichannel (&etcitviotny 2by 5t) he

KIBCs andKCsnweoé cl amped at O0-1m¥ mvWdt o h
+110 mV in 20 mV increments and( Rihgeurnee mhb
3.4. 3Mpder ate rmemhbdrsanweercecu r e ckolQsd ealt f v @tmh
depol arising and hyper p&i gour si Blgnd mBdubtr raan
mar kedl vy | arger curr enkGs, wemecer ee |l prcamiende
depol ari s(higgwme t@A.pL.sThryrcelntta gdee npsliot s how
current deHE€staesalh KédtedlOWoimvages +14a0¢
in comparison -K®s,t hwisteh iaa <toattirotli c al S i
+30 mV and F+ Qlud em\ B .h4e. Inaxi mnmicyr memcctor dl e (
KI BECs was 80% great-E€sth@anOtNal. BnpAbpEry
5.0 N 0.6 pA/ pF, n = 1pk ®e l0I5s6 -tSaitddewnrt § dh e
i ncreasecedfl whuorlreent s sugges4&@>A hmut athieo

conferred an aberrant-K€tectrical propert:
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a +110 mvV C

= ]
-110 mv 107 —m—«kiD keratinocyte
b g{ —I3— control keratinocyte */
*
300 [y 6 / Iil
(=X
nA control keratinocyte i 4 */ /
0.2 sec =~ ] /[;I
= * G
@ 2 /s
S 5’5
° 2
t 04 /m
e -
%w é 2 —E'E;E
L o, PR T D,E’-’
- !
l " -44

ﬁw 120 -90 60 -30 0 30 60 S0 120
KID keratinocyte membrane voltage [mV]

Figure 3. 4. 3-clendr eneesrebd amhececasr r ent s i n KI D

Who-tel |l membrane currents -wer & edr@sry arsdierdg fwhan
cel l patch d¢ltdamm ammdltwgieslsMOe pmVp rt oot otcloll0  fnrVo ni
increments (a). Modest cuKrOse n(ths, weorpe) raencdo ridae
were recor&Ke&d f(hbhgmbkKitD om) . Current density p
showed whroda&tl ¢r current densKCy (el i=xi2lkdcdlrlosn)
to theKCon(tmod THmpalli spon( was made at indivi
Asterisks represent p < 0.05 in cmembnandens

voltage.

KIBCs and-KCsntwreole then treated with S7 o
membr ane currents were measured using th
above. When treated wKECh dhewednapmprd oxii ik
| argercewlHolmembrane current d KriCssi tayt caolnip
depol arising membrane voltages t(&dtgad e( n
3.4dxbThi s is in Iine with the records fr

ittle effects of t heee lclo na urorl e nstisRNAI no nc o

si RNA, i#slpecalfliel si RNA, S7, demonstrated
currents r eeKoOsd eadcc rforsssm allIlD vol t agess teste
on membrane curreffFsgbredm3 comfboimiagl It
specific action of S7. Statistical analy
vol tage revealed a signiKdscatnrt e arteeddu cwii toh
compatosbhose treated with control si RNA
5.86 N 0.43 pA/pF, n = g2 @ed5 &, -Semmeth)s mtr
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(Figurge. 3No. ddfference was found in the
conKiCesl t weabhe®&7 or control si RNA at any
grop»,0. 05 6 -tSti¢ sitd)e.nt Not abl vy, t he membrane
fromrSetat KCsKwBre comparable to tkKhCsse r e
(Figure 3.ndiscéalt i pgtent suppression of th
correctedet betnbeal alKeClsavi our of KI D

a +110mv d
10 mV 101  m KID-KC +S7

Control-KC +si-cont »
& Control-KC + 57 /

Current density [pA/pF]
N o LX) R o o

eE

HE W O

KID-KC + §7 Control-KC + 87

-120 90 60 30 0 30 60 90 120

membrane voltage [mV]

Figure 3.4.4 S7 suppresceldl aberrkatnst $§ yi enKbhbc
Kl-br ce&rCtsrowere treated witchon$7] @ameb whpheic hs
clamp was performed usi-by0atoot+tihB@em\tierp 0 or

(a). Representative memiKiCand b urk@antto hit @ @d roch
with the plot of current density against meil
made at i ndividual membrane voltageKCs Large
treatedowithtsall tested velrtageppiflesaek, by

= 22) with statisticad430simyniafnidc atnlcleds nfVo u nl dn
di fference in current deknGs ttyr ensatse dd ewtietcht eSd7 b
control si RNA (1| i ghatr eb|M®&M.pn <=0 .1005 ,e a*c*hp) .< DDa.tC(
0.001.

3.4. Py wuptake assay confirmed the reve
activity by S7

Dy e upt ake S a-usedplper medbiwiidteyl yassay
assessment , in which the cellul arkDiapt ake
size |Iimit through open hemichannel s i s n

i nt aacstmapImembr anes but enter through ope

tracers are(Ralcusami Yet | alv.,, Rrodpi;diXuum eitc
(Presg80étbal St ong aemttl | mlo.n,esx®Ema) t(rAgpek, n
et al ., 2016; Mssaoeartr odli ot i 2OWiYXt h a posi
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mor e pehrrnoeuagnht htomot ypi ¢ Cx26 channel s t ha
Yel (Kmnaporis et al ., 2®ild;t Yameetwas$. c¢ch

its uptake by the keratinocytes.

KIBG&G and -Ksntweorle i ncubated for 10 min v
Cé&i r ee (bsuefef eSect iammmd 2 .hleth) fi xed and- stain
streptavidin to visualise neurobiotin si.
The resawed a | ower | evel of -KM@w,r obh eort @ ans
there was a much higher | evel of-K@Qeur obi
(Figure Quédnb)fication of i mages reveal e

upt ak e-KICys Klodnptaor et h at -KbCys t(fDe. 4clo,ntmr o4 29 ¢
1. N0. 04, n pE< 304 0cOld sHtsudentThese finding
hemi channel s-KiCer madl ien eKlaDed per meabil it

hemi channel s.

Control-KC KID-KC

e

4 *kk
' 1
NB .
. 3 .
[ ]

o
2
Cc
DAPI

Figurdnxr4eased neurobK®@eg in uptake by KID

Solitany) KlabdKCson(ta)ol were analysed for h e mi
neurobiotin (NB) uptak€ddbusdyer NB wagps ndihleuni &
signals of NB werFel uoirstub5acd tsadi avinm h( Aé ek xaa, b

Normalised fluorescence intensity

Control-KC KID-KC

show the seeding density (blue, ¢, d). Repre
guanti fication of the images (e) are shown.
KCs (n ¥ 26mpalkd t-HCshanh by3d4oa0eltbbk). Dat a
Each dot represents the NB uptake | evel of a
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KI BCs and-K€sntwreaole then treated with th
Treat ment wi t h tde ncontarldler sinRNIA olddi ot i1
keratinocytes, but treatment with S7 sel
KC¢ Figura)3Quamai fication of the i mages
neur obi ot i nt ruepattadkdes K lmbdnsplaac et hose treated
si RNANP1161 n = 2XN0i mAgen ws2D. Bmadge St ud:
tt e¢ F) gure 3. Nob6cd,i fd,erience was seen betw
conKiCael treated with eitmagespbe ObTWhT3e.eRNAS

independent experiments were performed al

Control-KC KID-KC

si-cont S7 si-cont S7

*kk

DAPI

N.S.
25 ,ﬁ I—]
g
o8 as
§ E 1.5 a%a N
e 6,0 o
5 3 1.0] CoomBrEre®  _sesenasbeeses £aRRat iy
=g
é 0.5
0.0
Control-KC Control-KC KID-KC KID-KC
+ si-cont + 87 + si-cont +S7

Figure 3.4.6 S7 inhibited the abnkCsmally enh
Solitaamwyd Ke-lb6srdbreated with -Sdmeyr ecantalt glsedi
hemi channel permeability by neurobi«€tdfn (NB)
buffer to open hemichannels and signails of N
streptav-didi nDAPEdwaa useden®i tsyhdwb [tRieep,r easedit &
dye upt akae) iamdjetshg aresult of quantification
a significantly r&€k€CscededBedpwakd ISy KhD= 21

t hose tr ecaotnetd (wmaspexd, whil e the reduetion w
KCs (n = 18 images). Data are mean N SEM. Ea
from a single image taken from each of three
significant.

131



These findings indicate that, in additioc
signaalseorSrtected the aberrant I-§Cse n hTamecseed

results were consistent with the patch c|

3.4.373treatmenp jentcoio®c gatercell ul ar
Kl ICs

GJIC i-ranK|l ©&kd@s rwhs me atshuer eSIL DuTs iansgs a y . I n
using t hechmeagetdi vcalsycad ¢ MBI meamse ,attthaelac.e
posi t¢clvedged neurobiotin was KI-BGs uaed. |
conKiCesl wer ¢ oaadedpevith either Cascade Bl |
incubated t o (ad d e wS dacgtei Gtenl d2s.s%welr)e f i xed a

recorsdeid) @w@ fluorescence microscope.

I n c&Ctsr,olbot h Cascade Blue and neurobi ot

scr-hpaded cell s to the nei ghbouring cel
extenéFvgluye ,3.i4nd7iac,atfi)ng the presence o
channel s. Il n contrast, the diffuKiCen of
(Figure ,Badtirbul gnly that for Cascade BI
the first | woenoé& et he. sNegpéei ve <c-ontr ol
wounding (unwounded) shBeiwgur € |-8,h4ad7tohro ungoh
slightly enhanced upK@kewas seemobompane
conKiCal Quanti ficatitoenr otfhrebkéolidiamgge s ouw

backgroufdesi §patasvmalZed®d. 2)reduction of 7
transfer and of 58% f&«KCsnewmoopiaoteidn ttor an
con«KiCael (for Cascade Blue:, On P35 XD, ®901f o]
neurobiotin: 0.42 N 0p<030. 1l & -t @wdegitr 0 §
3.4..7e, ])
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CB NB

Control-KC KID-KC Control-KC KID-KC
o - - - .
o - - - -
p=0.09 p=0.007
1.5

S, g,

5 % 1.0 =5

° 3 T 9 1.0

S 05 TS 06

Es __ E 8

Z 90 =

Control-KC  KID-KC Control KC KID-KC

Figure 3.4.7 I mpaired gap juncKCen intercel!l
The slcoagpieng dye transferaaseay daes @ae@&u dloir mg
junction channelrs cfdoGtsmedB dtyh Kanh oni c tracer,

bl ue), and cationic tracer, neurobiotin (NB,
of GIB) (andg )NB r(ofmartihlem gped mcel I s al ong the sc
uptake of the tracers by unwounded ded |lhs i s
i ). The tot al area under the regions of posi
|l mageJ. tTshes hroewseud mar kedl vy reduced transf er
significance found in NB. D a t-kKaC sw efr-Beo nmnoadr gneasl i s
in a single experiment. Each bar represents

KIBCs and-KCesnwepbé subsequently treated w
intercellul ar transfer of neur obi otin we
When treated wit#&KCsodispl agseBNAMarKeDI y r
transf eerd ctoompEEnRirgpur e ,3.rde.s8eambld)ng t hat

untreated cell s. I n contrast, treat ment

KC6Figure Quang8d)ication of the images s
neur obi otoifn 2t4r%kKGd edirkeat ed with S7, comp
with the conNroh03] RNAI mMEAY.EA2 vsn 1p0D7 i ma
0.01, G&Sttteds@mitgur e 3T.hde.r8ef ) was no stati st
neurobiotin toaKKlBért rleratt wademwi th either

(1. N0OOnNn0%, 30 i MmANg®xn03s 3b.pFnA g6 S & -t sutd)e n' t
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(Figure 3JIhes&e)results suggest t hat S7 r ¢
channel s f&Cmed by KID

Control-KC KID-KC
si-cont S§7 si-cont
e f
N.S. "

5 1.5 E 20
7] @ A
g Cecer S
= 00° . s 15 A
g .o ©00q 900° LAY A -3 2 Aa dh aads
° " . -
3 ©0000000° .°-':°{. E 1.0 AAp ‘A“AAA‘A‘A‘AAA
& o° .. © Aspfpnd
° . - Y
o 0.5 @
2 2 05
= ©
E E
S oo 2 oo

Control-KC Control-KC KID-KC KID-KC

+ si-cont +87 + si-cont + 87

Fgure 3.4.8 S7 restored g&gLsjunction couplin
The slcoagpieng dye transfer assay was perfor me
via gap junction intefKLsl loul-klsndfhcaddlnocewisn g ettrw
with cOMtarol -ciNRNA (Reipresentative #idmadgferso no f
the prlionsaded ycel |l s along the scrape are show
that S7 restoreekCadye bauduplti rhgadi mefICB gi Bhe e
dot pl ot s represent pooled data from three
represents average dye transNSEM.frrom a LDi.0dl.
not significant.

3.4.83ection summary

This 1is the friarcstterfi smd¢t iomnalf ckhear ati nocy
syndrome patient. The data show that t h
c.148GCJIMWwar sufficient to induce an aber
in patient keratinhemitelBannalc!l adt ingi ey han
Subsequent treatment with S7GJBEhdA4BahGt>Ant
mut ation, successfully corrected the abet
without alteringnohemath&aenakti hoogtesn IiTh
an I mporo&mincppooft hsapectifda calslieRINA appr oz

potentially effective treatment for KID
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35 RNASeq confi-smedi &l tetwirtglet ft aw geftf 87 f e ¢
i n KICB

While S7 has shown therapeut iGcd Bt elne i a
expression and reversing the-KLser rtavot k@x

i ssues needed to be addressednarepeq¢i fwihe

could be confirmed at MRNA -slpeewxceif alog eota s
effects), and i)t ahgetherf tadctre wer et o
transcriptome. | ns etqhuee nica-Siegq ) RiNaAshe ke dlme

technology to study the transcriptome o
t hroughput sequeneninde texpolesasiongemnomel
foll owed by bioinformatics analysis to i

i n remato t he ex p(eWainnge nettalalc. o, n d2i0t0i9o)n

Il n addition, the possibility of gatherin
(e. g. signalling pathways -toar gmed t ecnuglleaa f fi
effects was conpriaddeucectd af uwsseifrug tbhhyi s t e
experi ment was not designed specifically
be gathered as a basis for future work.

KIBCs were treated i 1fstri plicdt almet rdeiatt d)d5 0K
KCs, also in tripllicas$e,cowtfroeulr.r uhfomarnst ymp a
treatment, total RNA was ext-Baqtexdpér bment
(see Section 2.17)

3.5. GeneratiofepfdaRINA wi th high reliabildi

The integrity of total RNA samples extra
Agil ent Bioanalyser. The results showed t
for RNA integrity, were between 9.8 and ¢

itnact RNA samples witlhFigutrtke Emakdit so)f o ft hdee
RNA sampl es was enr i €Th ebde afdosr, mfN A hu swenrge |
CcCDNA | ibrary preparation. -tAlrlo usgihxp ulti bsreagrui
whhcyi el ded anN7avemad®d pofnedI .s:# 3t otalling
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t hr eebaGiegsa of c¢cDNA sequence per | ibrary.
evaluated for quality using FastQC softw
al asds at each sequenddd guo i t3l.kberlebnwaasl |

contamination of adapter sequences.

Quality scores across all bases

T HTH

M U1 U2 U3 Ss1 Ss2 S3

- RS Ui

1000 — Position in read (bp)

200 — Vi T

==t} |

95 95 95 95 99 99
Position in read (bp)

Figure 3.5.1 Quality control for intact RNA
higbhroughput sequencing
Prior to sequencing, the RNA integrity was f
first | ane shows RNA | adder, foll owkK@s by s
untreatsay oO6Ultreat8id. wirhe BRA(Bttregqmgkdy 1numb
with 10 being the most intact and 1 being th
or absence of fdegm aded emrtodrectRiNAcCs amphes et i
seqguencing, Fast QC anal ysiag awad parcthomwmesd an
bp I'ength of reads. A representative result
shows the position in read (in bp) and the vy
28 (green zone) alriet goonalilder ehgolbldugul i nes |

the whiskers represent 10% and 90% points.

Raw sequence reads were mapped to the |
Genome Browser assembly I D: hg38).5Appro:
million reads per l i brary were mapped t
(25. 74%) had nul | read counts antio@&wére e
remai nders to.bdhfeurstelqaire nxreaGrlyBRal 4 Snalpp e s
werestfiexamined -targenhfefmedctheodmM$SDB.7 Sub
genes were normalised using the DESeq2 p.
the sample variations introduced by the
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di fferesnsiah aerxrplgsis to identify genes
SAareated cells from untreated cells (ref
DEGs). As this analysis employed multipl e
in Tedrfalsse pbevei et alaoe s20®Ips) wer e t ak:e
this 1 ssue. First, genes wgk () rneeearl e ngoi vbel de
to reduce sampllD68§3egeaes,Sehcectntdpwn gdaatcehs e t
given by multiple testing -Hwacshbeorgr encettehd

(Benjamini et al ., a0GO0rh PYgewnerrmpatac¢dlea p2ad
adj). The dat aswitdavkyd fti Htessdgal <v,iOt.inQ Ba. a n d
cha®yleHuang et al., 2017b; Rath et al ., 2
2015bGenes that had passed the filter wer

anal ysed by bioinformat-tasgebbést soandea!

pat hways/ net wor ks.

For-tafigett &khewtede Enri chment of Seed Seq
anal(y¥iilsmazel was adar,ri2e0dl409ut to confirm

a
expression of the DEGs r esmuslitReRNIA fsreoend sreeqg
osintBf omd@Nn2al) and mMRNA s e g(uleancckesso no fe tt hael
ok et al ., 2017FoShpaghway bhet S@@K &N Al
for the Retrieval of I nteract ifPat Bevmegs / F
AnalysEDswerEAused. By these anal yses, DEC
connected into an interactive network a
document ed i n curated dat abases such a
(Chowdhury and Sarkar]t 26bhbyul di be ehotadd
progr ammeasgel eggpeesEs®i on network analysis
(Kramer et ianl . whixOtl4) very small number o
this study, see be(lFbuma)n gi setn oall s.r, p e2o0ninvéae)d @
guidalnlEEAehat recommereds3ouogoeDdgs f or anal ysi
threstdld<(®. 050 lNwelByd aplpdrnea -$®qthat asaevt
whi ch generated a nexx. DEG set, known as |

By using the above c&mhi datawacfitl ewtf on,
anailsy,s thegent amgletoféffects of S7 as wel

relation to S7 treatment were comprehens,i
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3.5.387 inhibited the-Kfidgt ant allele in KII

The @lpleelidfi c371 yWs Kwadbs conf i r meRICR nadnidr e c

i mmunobl otting, in which theGJpBe2kmeessDDDRN:
without the ability to di(sSeercitmioma/3e. 4bhekt)w
RNASeq technique is able to det-spiefcigeene
manner, this allows for direct assessmen!

the mutant all-e#hAesuobstatothngedBBd &. 148 |

At the ¢.148 |l ocus, the hetK&rsqgqz wheus A/oG
(wl dtype) and A (wmupamrmtsped!| asl ¢ s awsrcei po
of G to A i fKCsntarte ebtaesce | KIn was not 50: 5
(Figure Fod.IDawing S7 treatment, there ws
theamut A allele in treated (cReilgusr dz)3mp5a.r2e:
An increase of 20% in the wildt ytpreead ead |
cell s, compar e(dFitgpurudn} 3 @mazZai fcied dtsi on of
shedw statistimg<alO.sOib5gninfi=<aXhcfeor( both the
frequency and increase i 1G6-twed6d®t)gpree ad .l e.l2

This confirmed the effectiveness of t he |

a b
*
80
Allele count (allele frequenc: - HG
( q y) 9 =0
G A total LZ,‘ 60 »
[}
3
u 783473 523+76 130.6 g 40 ==
(60.3% +1.2%) (39.7% +1.2%)  (100%) -: —_
© 20
s7 940+42 37.0+42 131.0 <
(72.0% + 1.8%) (28.0% +1.8%)  (100%) 0

Fi gur RN &q 2confirmed specificity of S7 for
RNASeq sequence reads mapped to t he e@ddB2d .S174
KI-RCs were analysed. The wildtype allele (c
di spl &y eadn da sA, respectivel y. The count and f
expressedlSES fMmapn Quantification of the all.
treat ment resulted in a decrease in thwepemut a
allele frequebc@5.(b). *

138



3.5. Bowevetlarogdt effects o0HKCS7 treat ment

A maj or i ssue fdhorsWNAstonotleeseragreceuni nt e
unrel ated gene exptasgieon goratddetmphtgenrdtr ida
oftfarget effe&XKtCs,oft h&7 dihmfEFBntial -expr es
treated andKk@Qantwerad eadn &KllyDsed. The stati st
further subject t ot a@arhgee tGHSSe ekonsaglByiosii7s) f or

First, the distribution of trah96m&Fmpt r ec
zero genes before and €¢fitgaur e @r. falBi) shaet isoe

t hat , aften hmo emavlaiss avteirgyn,l i ttl e variati c

among three biooHaogh carloup,plswcedgesti ng hi ¢

On the other hand, no remarkable differe
al |l six Fdbeasi o Sdgareat ment , suggest |
induced only very mild global -K€$§ects, i/
Count distribution before normalisation Count distribution after normalisation
—_ — —_ —_ — ——m KIS —_ T —_ _ - T mKibs

15 3 : : ; : ;o many 15 | : i i | ‘ | mwou

Figurei3d5593 oMal eff &Kt & raafn sE7* i pnt otmee KI D

Distribution of segquencéeawerhd goeébruensb ni(re xlpirker a
fromKICsDtreated with S7 (KITKS DSS8hown uas boap
those untreated (KIDUKIDUBwWnN raesd rbeopxleisd atbed oK
(left panel )aandnafteghhopmakl)fcobot wil3i bnk
of (o@gunt) was wused. All 6 I|ibraries had sim

10 4

log, (count+1)
loge (count + 1)

o
I

KIDS2 -
KIDS3 —
KIDS2
KIDS3 -
KIDU1
KIDU2 —
KIDU3 —

KIDS1 —
KIDU1
KIDUz —
KIDU3 -
KIDS1

Second, whersetdhd hwieksehldR gadjf ok dO cOha¥%)yewas
to th8e&&NdAat aset, only six 6Taghli & i datket 1P|
range of fold chang@. 8@rt ht t hsee MaKGsmuwa § o
seen iMMRZzmEdLB 1L 2
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Table 3.5.1lePpfésescedthamMgend f adijwmd tued <

Gene Protein Fold c¢cpvalu adjvapg u
MMP10 Matrix metallO oprot 2. 05, 2. 12E 4. 13E
MMP 1 Matrix metall l oprot 2. 24, 8. 45%& 9. 5DE
NSA2 Ri bosome tadmglemgsi 2. 16, 2. 0E 1. 98®&E
AFAPl1LActin -Asbameatdd kp2. 01, 1. 22 1. 9DE
GLB1lLZ:Gal actosidase beta2. 32, 3. kR&E 2. 1T7&E
GPR137G preaetoaiph ed recept2. 01, 1. 06E 3. 9BE

Third, the GESS anal ysi GPR1L8B8¢ hatnasrodkd tD Edfs
S7, among a total of 180 genes that were
their coding sequences-waqdpPeénse aerdulrdteéhgeure
sequeampari son f3cdumtdr aanhsalta tbeodt hr e gi on and

t h&PR18&ne were complementary to the seed

guide strand of S7. These sefloedceaomat c
regul aGPRh®Josk elliy t o resulidepeohensregat fr e
effects. The other five DEGs were not pr e
more | i kelayy gted bdeownrst ream al terations.

Taking these resul-t sevédtoagregdehter @ h fSd&7chteh ad a tl

keratinocytes. The change i n expression
GPR1L37was | i kel y-ttaoa gree¢s welftf ect@IBr2em ao e ther
bi ol ogical processes. To investeie@gdBe t he

and the DEG6sg theaRWAre subject to furth:

3.5. 8%Actimated x metall oprot-k@se signall.

Two powerful bioi nfaonrid#t iwcesr et osoul bss,e quTeRIt N
pat hway/ network anal ysipg.ot BTRI N@Gtanaktyése
factors such as previ eand i @)y peaxnpidneesnstiaoln fdi
(Franceschini et al ., Mle&?eaa&alkly%iﬂes:ztyMee
genes by associating them wliah fdocoutmeon €
DE@ dataset compédsagpendiwvasl BMBEGS ysed by

programmes.
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The 344 DEGs conrsdguleadt eod Redtesd cavtimeld 9be ueg
STRI NG analysis, an interactive (rrFetgwork
3.5.With 2 major clusters of genes conne
net WAMRMMPMMP 1Dl MPP2Z AUFPCDLA4ABEGEXC)L S5

and an i mmuTnL,eRR2i &, tiRAARRAPDOD 8a8nIdKBK G Among sSi |
mo s t di fferentially expres@céEablgee n3f.sbutlr)o |
(MMPIMMP 1 RS A22nAFAP)L L teured fion t hi $GJBRde weor k.

was only cSoPPRR&Aned di og s mal | proline ric
previous indiregtaliintietnattit anotat2dOBect ec
genes. This may be due to an unknown | in
t he fact t hat Cx26 protein is not known
pat hways (al though I t ar etghud ae@s haonder of

messengers).
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Figure 3.5.4 Interactive ne2 whatkaodt DEGs gen
Functional ne2wasrek off ( $3d¢lel Mfegpeenddhiex novdes rep
genes (filled, crystal structure known; unfi
112 genes were connected to form a big netw
di fferent col ours rewirckesremnd f7fordiifriteareandt itgme
l eft). Gene wi-tdgulkdt adr awd eatud eattpeids.e down

When known iGltB&r ae&tIBi66x & ,egud ated by 14.
GJ A(1Cx 43 ,r edgominat ed by 8 %W)ownasi nieelrla casortsh ¢
TIJR1t i ght jusfActioan zprnolleairmpguel aaitdec sby 14.
CDHQf adherfriemgul g ed by 14.5%), were incl t
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