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AďstƌaĐt  

 

OŶĐolǇtiĐ ǀiƌuses aƌe a Ŷoǀel theƌapeutiĐ appƌoaĐh foƌ ĐaŶĐeƌ tƌeatŵeŶt. TheǇ Đause a tuŵoƌ-
speĐifiĐ Đell lǇsis aŶd iŶduĐe aŶ iŵŵuŶe stiŵulatoƌǇ effeĐt. T-VeĐ, a geŶetiĐallǇ ŵodified heƌpes siŵpleǆ 
ǀiƌus ĐaƌƌǇiŶg a geŶe foƌ GM-CSF, is the fiƌst oŶĐolǇtiĐ ǀiƌus appƌoǀed foƌ ĐaŶĐeƌ tƌeatŵeŶt. IŶ a ƌeĐeŶt 
studǇ, eǆĐelleŶt ƌesults ǁeƌe oďtaiŶed ďǇ ĐoŵďiŶiŶg T-VeĐ ǁith PD-Lϭ ďloĐkade deŵoŶstƌatiŶg the 
highlǇ effeĐtiǀe theƌapeutiĐ iŵpaĐt of oŶĐolǇtiĐ ǀiƌotheƌapǇ iŶ ĐoŵďiŶatioŶ ǁith iŵŵuŶe ĐheĐkpoiŶt 
ďloĐkade.  

IŶ this pƌojeĐt, ǁe geŶeƌated the Ŷoǀel ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ, a YB-ϭ depeŶdeŶt oŶĐolǇtiĐ 
adeŶoǀiƌus ĐoŶtaiŶiŶg a tƌaŶsgeŶe foƌ aŶ aŶti-PD-Lϭ aŶtiďodǇ ǁhiĐh ĐoŵďiŶes XViƌ-N-ϯϭ ǁith a PD-Lϭ 
speĐifiĐ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade. XViƌ-N-ϯϭ-aPD-Lϭ shoǁed effiĐieŶt ƌepliĐatioŶ aŶd Đell lǇsis iŶ 
the huŵaŶ ďladdeƌ ĐaŶĐeƌ Đell liŶe UMUCϯ. Fuƌtheƌ oŶ, ǁe deŵoŶstƌated the tƌaŶsgeŶe eǆpƌessioŶ, 
aŶtiďodǇ sǇŶthesis aŶd seĐƌetioŶ aŶd the speĐifiĐ ďiŶdiŶg of the aŶtiďodǇ to its aŶtigeŶ.  

IŶ oƌdeƌ to aŶalǇze the theƌapeutiĐ effeĐt of XViƌ-N-ϯϭ-aPD-Lϭ iŶ aŶ iŵŵuŶoĐoŵpeteŶt, sǇŶgeŶeiĐ 
ŵouse ŵodel, ǁe tested if the ŵuƌiŶe MBϰϵ Đells aƌe suitaďle foƌ adeŶoǀiƌal ƌepliĐatioŶ. We ǁeƌe aďle 
to oǀeƌĐoŵe the loǁ peƌŵissiǀeŶess of ŵuƌiŶe MBϰϵ Đells foƌ huŵaŶ adeŶoǀiƌus ďǇ use of the MdŵϮ 
iŶhiďitoƌ ŶutliŶ-ϯa. NutliŶ-ϯa led to a sigŶifiĐaŶt iŶĐƌease iŶ ǀiƌal ƌepliĐatioŶ, Đell killiŶg effeĐt aŶd 
aŶtiďodǇ sǇŶthesis iŶ XViƌ-N-ϯϭ-aPD-Lϭ iŶfeĐted Đells. To ideŶtifǇ the uŶdeƌlǇiŶg ŵeĐhaŶisŵ, ǁe 
aŶalǇzed the ďioĐheŵiĐal effeĐts aŶd fouŶd that ŶutliŶ-ϯa iŶduĐed a Gϭ aƌƌest aŶd doǁŶƌegulated pRď 
aŶd EϮFϭ suggestiŶg that EϮFϭ doǁŶƌegulatioŶ suppoƌts adeŶoǀiƌal ƌepliĐatioŶ.  

IŶ oƌdeƌ to iŶǀestigate XViƌ-N-ϯϭ as a Ŷeǁ theƌapeutiĐ appƌoaĐh foƌ ďladdeƌ ĐaŶĐeƌ, ǁe estaďlished 
aŶ oƌthotopiĐ, ultƌasouŶd guided ǆeŶogƌaft ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ usiŶg the huŵaŶ UMUCϯ 
Đells. This ŵethod is ŵiŶiŵallǇ iŶǀasiǀe aŶd uses aŶ ultƌasouŶd-ďased teĐhŶiƋue foƌ highlǇ pƌeĐise 
tuŵoƌ Đell iŶjeĐtioŶs iŶto the laŵiŶa pƌopƌia of the ďladdeƌ. We fouŶd that ouƌ YB-ϭ ďased ǀiƌotheƌapǇ 
is aďle to sigŶifiĐaŶtlǇ ƌeduĐe tuŵoƌ gƌoǁth ďǇ ϰϮ % iŶ the oƌthotopiĐ ŵouse ŵodel. Fuƌtheƌŵoƌe, ǁe 
suĐĐessfullǇ estaďlished a sǇŶgeŶeiĐ, iŵŵuŶoĐoŵpeteŶt ŵodel usiŶg MBϰϵ Đells. This ŵodel ĐaŶ ďe 
used iŶ the futuƌe to eǀaluate the iŵpaĐt of the iŵŵuŶe sǇsteŵ oŶ the theƌapeutiĐ effeĐt of ouƌ YB-ϭ 
ďased ǀiƌo-iŵŵuŶotheƌapǇ.  

CoŶsideƌiŶg the ƌeĐeŶt aĐhieǀeŵeŶts of ǀiƌotheƌapǇ iŶ ĐoŵďiŶatioŶ ǁith iŵŵuŶe ĐheĐkpoiŶt 
ďloĐkade, ouƌ fiŶdiŶgs aƌe aŶ iŵpoƌtaŶt step iŶ tƌaŶslatiŶg the YB-ϭ ďased ǀiƌotheƌapǇ iŶto the ĐliŶiĐ 
foƌ ďladdeƌ ĐaŶĐeƌ theƌapǇ.  
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ZusaŵŵeŶfassuŶg  
OŶkolǇtisĐhe ViƌeŶ siŶd eiŶ Ŷeueƌ theƌapeutisĐheƌ AŶsatz füƌ die KƌeďsďehaŶdluŶg, ǁelĐhe eiŶe 

selektiǀe LǇse ǀoŶ TuŵoƌzelleŶ iŶduzieƌeŶ uŶd daduƌĐh das IŵŵuŶsǇsteŵ stiŵulieƌeŶ. T-VeĐ, eiŶ 
geŶetisĐh ǀeƌäŶdeƌtes, GM-CSF eǆpƌiŵieƌeŶdes Heƌpes siŵpleǆ Viƌus, ist das eƌste füƌ die BehaŶdluŶg 
ǀoŶ TuŵoƌeŶ zugelasseŶe oŶkolǇtisĐhe Viƌus. IŶ eiŶeƌ ŶeueŶ Studie ǁuƌdeŶ heƌǀoƌƌageŶde EƌgeďŶisse 
duƌĐh die KoŵďiŶatioŶ ǀoŶ T-VeĐ ŵit eiŶeƌ PD-Lϭ BloĐkade eƌzielt. Diese Resultate deŵoŶstƌieƌeŶ die 
hoĐheffektiǀe theƌapeutisĐhe WiƌkuŶg deƌ oŶkolǇtisĐheŶ Viƌotheƌapie iŶ KoŵďiŶatioŶ ŵit 
IŵŵuŶĐheĐkpoiŶtďloĐkade.  

IŶ dieseŵ Pƌojekt ǁuƌde das Ŷeue Viƌus XViƌ-N-ϯϭ-aPD-Lϭ geŶeƌieƌt, ǁelĐhes füƌ eiŶeŶ aŶti-PD-Lϭ 
AŶtiköƌpeƌ kodieƌt uŶd soŵit das YB-ϭ aďhäŶgige oŶkolǇtisĐhe AdeŶoǀiƌus XViƌ-N-ϯϭ ŵit eiŶeƌ PD-Lϭ 
spezifisĐheŶ IŵŵuŶĐheĐkpoiŶtďloĐkade koŵďiŶieƌt. XViƌ-N-ϯϭ-aPD-Lϭ zeigte effektiǀe ReplikatioŶ uŶd 
ZelllǇse iŶ deŶ huŵaŶeŶ BlaseŶkaƌziŶoŵzelleŶ UMUCϯ. Außeƌdeŵ koŶŶte die TƌaŶsgeŶeǆpƌessioŶ, die 
SǇŶthese uŶd SekƌetioŶ des AŶtiköƌpeƌs soǁie die spezifisĐhe BiŶduŶg des AŶtiköƌpeƌs aŶ das AŶtigeŶ 
ŶaĐhgeǁieseŶ ǁeƌdeŶ.  

Uŵ deŶ theƌapeutisĐheŶ Effekt ǀoŶ XViƌ-N-ϯϭ-aPD-Lϭ iŶ eiŶeŵ iŵŵuŶkoŵpeteŶteŶ sǇŶgeŶeŶ 
Mausŵodell zu uŶteƌsuĐheŶ, ǁuƌde die ŵuƌiŶe ZellliŶie MBϰϵ auf ihƌe EigŶuŶg füƌ adeŶoǀiƌale 
ReplikatioŶ uŶteƌsuĐht. Die geƌiŶge EŵpfäŶgliĐhkeit ǀoŶ ŵuƌiŶeŶ MBϰϵ ZelleŶ füƌ huŵaŶe AdeŶoǀiƌeŶ 
koŶŶte duƌĐh die VeƌǁeŶduŶg des MdŵϮ IŶhiďitoƌs NutliŶ-ϯa üďeƌǁuŶdeŶ ǁeƌdeŶ. NutliŶ-ϯa fühƌte 
zu eiŶeƌ sigŶifikaŶt eƌhöhteŶ ReplikatioŶ, ZelllǇse uŶd AŶtiköƌpeƌsǇŶthese ǀoŶ XViƌ-N-ϯϭ-aPD-Lϭ 
iŶfizieƌteŶ ZelleŶ. Uŵ deŶ zugƌuŶdeliegeŶdeŶ MeĐhaŶisŵus zu ǀeƌsteheŶ, ǁuƌdeŶ die ďioĐheŵisĐheŶ 
Effekte ǀoŶ NutliŶ-ϯa uŶteƌsuĐht. Daďei koŶŶte gezeigt ǁeƌdeŶ, dass NutliŶ-ϯa eiŶeŶ Gϭ Aƌƌest 
iŶduzieƌt uŶd pRď uŶd EϮFϭ ƌuŶteƌƌegulieƌt, ǁas zu deƌ VeƌŵutuŶg fühƌte, dass eiŶe ƌeduzieƌte EϮFϭ 
EǆpƌessioŶ adeŶoǀiƌale ReplikatioŶ uŶteƌstützt.  

Uŵ XViƌ-N-ϯϭ als ŶeueŶ theƌapeutisĐheŶ AŶsatz füƌ das BlaseŶkaƌziŶoŵ zu uŶteƌsuĐheŶ, ǁuƌde eiŶ 
oƌthotopes, ultƌasĐhallgesteueƌtes ǆeŶogƌaft Mausŵodell uŶteƌ VeƌǁeŶduŶg deƌ huŵaŶeŶ UMUCϯ 
ZelleŶ etaďlieƌt. Diese Methode ist ŵiŶiŵaliŶǀasiǀ uŶd ŵithilfe deƌ ultƌasĐhallďasieƌteŶ TeĐhŶik köŶŶeŶ 
hoĐhpƌäzise IŶjektioŶeŶ iŶ die LaŵiŶa Pƌopƌia deƌ BlaseŶǁaŶd duƌĐhgefühƌt ǁeƌdeŶ. IŶ deŵ 
oƌthotopeŶ Mausŵodell fühƌte die YB-ϭ ďasieƌte Viƌotheƌapie zu eiŶeƌ sigŶifikaŶteŶ ReduzieƌuŶg des 
TuŵoƌǁaĐhstuŵs uŵ ϰϮ%. Des WeiteƌeŶ ǁuƌde eiŶ sǇŶgeŶes, iŵŵuŶkoŵpeteŶtes Mausŵodell uŶteƌ 
VeƌǁeŶduŶg deƌ ŵuƌiŶeŶ MBϰϵ ZelleŶ etaďlieƌt. Dieses Model kaŶŶ iŶ ZukuŶft ǀeƌǁeŶdet ǁeƌdeŶ, uŵ 
deŶ EiŶfluss des IŵŵuŶsǇsteŵs auf deŶ theƌapeutisĐheŶ Effekt uŶseƌeƌ YB-ϭ ďasieƌteŶ Viƌo-
IŵŵuŶtheƌapie zu uŶteƌsuĐheŶ.  

Diese EƌgeďŶisse siŶd aŶgesiĐhts deƌ ŶeusteŶ EƌƌuŶgeŶsĐhafteŶ deƌ Viƌotheƌapie iŶ KoŵďiŶatioŶ 
ŵit IŵŵuŶĐheĐkpoiŶtďloĐkade eiŶ ǁiĐhtigeƌ SĐhƌitt, uŵ die YB-ϭ ďasieƌte Viƌotheƌapie zuƌ BehaŶdluŶg 
ǀoŶ BlaseŶkƌeďs iŶ die KliŶik zu üďeƌtƌageŶ.  
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ADP AdeŶoǀiƌal death pƌoteiŶ 

APC AŶtigeŶ pƌeseŶtiŶg Đell 
APS AŵŵoŶiuŵ peƌsulfate 

ATP AdeŶosiŶe tƌiphosphate 

BCG BaĐillus Galŵette-GueƌiŶ 

BĐl-Ϯ B Đell lǇŵphoŵa-Ϯ 

Bp Base paiƌ 

BSA BoǀiŶe seƌuŵ alďuŵiŶ 

CaClϮ CalĐiuŵ Đhloƌide  
CAR CoǆsaĐkie adeŶoǀiƌus ƌeĐeptoƌ 

CD Clusteƌ of diffeƌeŶtiatioŶ 

µl ŵiĐƌoliteƌ 

ŵl ŵilliliteƌ 

l liteƌ 

Ŷŵ ŶaŶoŵeteƌ 

µŵ ŵiĐƌoŵeteƌ 

Đŵ ĐeŶtiŵeteƌ 

ŵ ŵeteƌ 

fg feŵtogƌaŵ 

Ŷg ŶaŶogƌaŵ 

µg ŵiĐƌogƌaŵ 

ŵg ŵilligƌaŵ 

ŶM ŶaŶoŵolaƌ 

µM ŵiĐƌoŵolaƌ 

ŵM ŵilliŵolaƌ 

fŵol feŵtoŵole 

Ŷŵol ŶaŶoŵole 

µŵol ŵiĐƌoŵole 

ŵŵol ŵilliŵole 

V ǀolt 
°C degƌee Celsius 

seĐ seĐoŶds 

ŵiŶ ŵiŶute 

h houƌ 

ǁ/ǀ ǁeight/ǀoluŵe 
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CIS CaƌĐiŶoŵa iŶ situ 

CPE CǇtopathiĐ effeĐt 

CRT CalƌetiĐuliŶ 

CsCl Caesiuŵ Đhloƌide 

CTLA-ϰ CǇtotoǆiĐ T-lǇŵphoĐǇte assoĐiated-pƌoteiŶ ϰ 

CTLs CǇtotoǆiĐ T lǇŵphoĐǇtes 

DAMP DaŶgeƌ assoĐiated ŵoleĐulaƌ patteƌŶ 

DC DeŶdƌitiĐ Đell 
DMEM DulďeĐĐo͛s ŵodified eagle ŵediuŵ 

DMSO DiŵethǇl sulfoǆide 

DNA DeoǆǇƌiďoŶuĐleiĐ aĐid 

dNTPs DeoǆǇŶuĐleotide tƌiphosphate 

DTT Dithiothƌeitol 
ECL EŶhaŶĐed ĐheŵiluŵiŶesĐeŶĐe  
EDTA EthileŶediaŵiŶetetƌaaĐetiĐ aĐid 

ER EŶdoplasŵatiĐ ƌetiĐuluŵ 

FACS FluoƌesĐeŶĐe aĐtiǀated Đell soƌtiŶg 

FBS Fetal ďoǀiŶe seƌuŵ 

FDA Food aŶd dƌug adŵiŶistƌatioŶ 

FITC FluoƌesĐeiŶ isothioĐǇaŶate 

FoǆOϭ Foƌkheadďoǆ pƌoteiŶ Oϭ 

Fǁ pƌiŵeƌ Foƌǁaƌd pƌiŵeƌ 

GM-CSF GƌaŶuloĐǇte- ŵaĐƌophage - ĐoloŶǇ stiŵulatiŶg faĐtoƌ 

GSTMϭ GlutathioŶe S-tƌaŶsfeƌase 

HϮOϮ HǇdƌogeŶ peƌoǆide 

HCl HǇdƌoĐhloƌide aĐid 

HMGBϭ High-ŵoďilitǇ gƌoup ďoǆ ϭ 

HSV-ϭ Heƌpes siŵpleǆ ǀiƌus ϭ 

ICB IŵŵuŶe ĐheĐkpoiŶt ďloĐkade 

ICD IŵŵuŶogeŶiĐ Đell death 

IF IŵŵuŶofluoƌesĐeŶĐe 

IFNɶ IŶteƌfeƌoŶ- ɶ 

IHC IŵŵuŶohisto ĐheŵistƌǇ 

IRFϯ/ϳ IŶteƌfeƌoŶ ƌegulatoƌǇ faĐtoƌ ϯ/ϳ 

IVC IŶdiǀidual ǀeŶtilated Đage 

Jak/STAT JaŶus kiŶase/sigŶal tƌaŶsduĐeƌ aŶd aĐtiǀatoƌ of tƌaŶsĐƌiptioŶ 

kDa Kilo DaltoŶ 

LAG-ϯ LǇŵphoĐǇte aĐtiǀatioŶ geŶe ϯ 

MgCl MagŶesiuŵ Đhloƌide 

MHC Majoƌ histoĐoŵpatiďilitǇ Đoŵpleǆ 
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MIBC MusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ  
MLP Majoƌ late pƌoŵoteƌ 

MMF MedetoŵidiŶe, ŵidazolaŵ, feŶtaŶǇl 
MMR MisŵatĐh ƌepaiƌ 

ŵRNA MesseŶgeƌ RNA 

ŵTOR MeĐhaŶistiĐ taƌget of ƌapaŵǇĐiŶ 

MdŵϮ Mouse douďle ŵiŶute hoŵologue Ϯ 

MǇDϴϴ MǇeloid diffeƌeŶtiatioŶ pƌiŵaƌǇ ƌespoŶse ϴϴ 

NaCl Sodiuŵ Đhloƌide 

NATϮ N-aĐetǇltƌaŶsfeƌase-Ϯ 

NEAA NoŶ-esseŶtial aŵiŶo aĐids 

NLR NuĐleotide oligoŵeƌizatioŶ doŵaiŶ ;NODͿ-like ƌeĐeptoƌ 

NMIBC NoŶ ŵusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ 

NOD NuĐleotide oligoŵeƌizatioŶ doŵaiŶ 

ORR OďjeĐtiǀe ƌespoŶse ƌate 

OVT OŶĐolǇtiĐ ǀiƌotheƌapǇ 

PϮRXϳ PuƌiŶoƌeĐeptoƌ ϳ 

PBS Phosphate ďuffeƌed saliŶe 

PCR PolǇŵeƌase ĐhaiŶ ƌeaĐtioŶ 

PD-ϭ Pƌogƌaŵŵed death pƌoteiŶ ϭ 

PD-Lϭ/Ϯ Pƌogƌaŵŵed death-ligaŶd ϭ/Ϯ 

PFU PlaƋue foƌŵiŶg uŶits 

PIϯK PhosphoiŶositide ϯ-kiŶase 

PTEN Phosphatase aŶd teŶsiŶ hoŵolog 

ƋPCR QuaŶtitatiǀe PCR 

Ras Rat saƌĐoŵa 

Rď RetiŶoďlastoŵa 

Reǀ pƌiŵeƌ Reǀeƌse pƌiŵeƌ 

RGD AƌgiŶiŶe-GlǇĐiŶe-AspaƌtiĐ aĐid 

RIG-ϭ RetiŶoiĐ aĐid iŶduĐiďle geŶe- 
RNA RiďoŶuĐleiĐ aĐid 

ROS ReaĐtiǀe oǆǇgeŶ speĐies 

RPMI Rosǁell paƌk ŵeŵoƌial iŶstitute 

SDS Sodiuŵ dodeĐǇl sulfate 

SDS-PAGE SDS - PolǇaĐƌǇlaŵide gel eleĐtƌophoƌesis 

SHPϮ SƌĐ-hoŵologǇ Ϯ doŵaiŶ-ĐoŶtaiŶiŶg phosphatase 

SRB SulfoƌhodaŵiŶe B 

STING Stiŵulatoƌ of iŶteƌfeƌoŶ geŶes 

TAAs Tuŵoƌ assoĐiated aŶtigeŶs 

TBS Tƌis ďuffeƌed saliŶe 
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TBS-T Tƌis ďuffeƌed saliŶe ǁith TǁeeŶ-ϮϬ 

TCA TƌiĐhloƌiĐ aĐid 

TCR T Đell ƌeĐeptoƌ 

TEMED TetƌaŵethǇlethǇleŶediaŵiŶe 

TIL Tuŵoƌ iŶfiltƌatiŶg lǇŵphoĐǇte 

TIM-ϯ T-Đell iŵŵuŶogloďiŶ aŶd ŵuĐiŶ-doŵaiŶ ĐoŶtaiŶiŶg-ϯ 

TLRϰ Toll-like ƌeĐeptoƌ ϰ 

TNM Tuŵoƌ, Ŷode aŶd ŵetastasis 

TP TeƌŵiŶal pƌoteiŶ 

Tƌegs RegulatoƌǇ T Đells 

Tƌis Tƌis;hǇdƌoǆǇŵethǇlͿ-aŵiŶoŵethaŶe 

TSA Tuŵoƌ-speĐifiĐ aŶtigeŶ 

T-VEC TaliŵogeŶe laheƌpaƌepǀeĐ 

WB WesteƌŶ Blot 

WtAd Wild tǇpe adeŶoǀiƌus 

YB-ϭ Y-ďoǆ ďiŶdiŶg pƌoteiŶ ϭ 

ZAPϳϬ Zeta-ĐhaiŶ-assoĐiated pƌoteiŶ kiŶase ϳϬ 
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1 IŶtƌoduĐtioŶ 

Bladdeƌ ĐaŶĐeƌ is defiŶed as a ŶeoplastiĐ lesioŶ oƌigiŶatiŶg fƌoŵ the tissue of the uƌiŶaƌǇ ďladdeƌ. 
Moƌe thaŶ ϵϱ % of ďladdeƌ tuŵoƌs aƌise fƌoŵ the epitheliuŵ aŶd the ŵajoƌitǇ of these aƌe uƌothelial 
ĐaƌĐiŶoŵas affeĐtiŶg the uƌotheliuŵ ;TaŶaka et al. ϮϬϭϭͿ. 

The appƌoǀal of diffeƌeŶt iŵŵuŶe ĐheĐkpoiŶt iŶhiďitoƌs has opeŶed a Ŷeǁ field iŶ ĐaŶĐeƌ theƌapǇ. 
TaƌgetiŶg the Pƌogƌaŵŵed death pƌoteiŶ ϭ ;PD-ϭͿ oƌ Pƌogƌaŵŵed death ϭ ligaŶd ϭ ;PD-LϭͿ ǁith 
aŶtiďodies is ďeĐoŵiŶg staŶdaƌd of Đaƌe tƌeatŵeŶt foƌ ŵultiple tuŵoƌ eŶtities, iŶĐludiŶg ŵetastatiĐ 
ŵelaŶoŵa, luŶg, kidŶeǇ aŶd also ďladdeƌ ĐaŶĐeƌ ;Shaƌŵa uŶd AllisoŶ ϮϬϭϱͿ. It uŶloĐks iŵŵuŶe 
suppƌessiǀe pathǁaǇs aŶd iŶduĐes a ĐoŶsisteŶt aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse. Hoǁeǀeƌ, the use of PD-
ϭ/PD-Lϭ iŶhiďitoƌs ĐleaƌlǇ shoǁed that the ŵajoƌitǇ of patieŶts ;ϲϬ – ϴϬ %Ϳ is ƌesistaŶt aŶd does Ŷot 
ďeŶefit fƌoŵ this theƌapǇ. IŵŵeŶse ƌeseaƌĐh aĐtiǀitǇ oŶ this field ďƌought light iŶto the ŵeĐhaŶisŵs of 
ƌesistaŶĐe aŶd shoǁed that the eǆpƌessioŶ of taƌget ŵoleĐules oŶ ďoth tuŵoƌ Đells aŶd iŵŵuŶe Đells 
is uŶstaďle ďut ĐaŶ ďe iŶduĐed ďǇ iŶtƌiŶsiĐ as ǁell as eǆtƌiŶsiĐ faĐtoƌs ;Ritpƌajak uŶd Azuŵa ϮϬϭϱͿ. IŶ 
additioŶ, it ǁas also shoǁŶ that the pƌeseŶĐe of CDϴ+ T Đells is ŵaŶdatoƌǇ ;Paƌdoll ϮϬϭϮͿ. These ƌesults 
seƌǀe as the ƌatioŶal to ĐoŵďiŶe iŵŵuŶe ĐheĐkpoiŶt ďloĐkade ;ICBͿ ǁith aŶ iŵŵuŶe stiŵulatoƌǇ 
theƌapǇ like ǀiƌotheƌapǇ ;Riďas et al. ϮϬϭϳͿ.  

OŶĐolǇtiĐ ǀiƌuses ǁeƌe uŶdeƌestiŵated foƌ deĐades. Hoǁeǀeƌ, the appƌoǀal of TaliŵogeŶe 
laheƌpaƌepǀeĐ ;T-VeĐͿ deŵoŶstƌates theiƌ iŵŵeŶse poǁeƌ iŶ ĐaŶĐeƌ theƌapǇ ;RehŵaŶ et al. ϮϬϭϲͿ. 
OŶĐolǇtiĐ ǀiƌuses iŶduĐe ĐaŶĐeƌ Đell lǇsis aŶd theƌeďǇ Đause a stƌoŶg iŵŵuŶe stiŵulatoƌǇ effeĐt ;Guo 
et al. ϮϬϭϳͿ. The hǇpothesis of ĐoŵďiŶiŶg PD-ϭ/PD-Lϭ speĐifiĐ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade ;ICBͿ aŶd 
oŶĐolǇtiĐ ǀiƌotheƌapǇ ǁas just ƌeĐeŶtlǇ pƌoǀeŶ ƌight ;Riďas et al. ϮϬϭϳͿ. This studǇ aĐhieǀed aŶ 
outstaŶdiŶg oďjeĐtiǀe ƌespoŶse ƌate of ϲϮ % ǁith a Đoŵplete ƌespoŶse ƌate of ϯϯ %. It deŵoŶstƌated 
that oŶĐolǇtiĐ ǀiƌuses ĐhaŶge the tuŵoƌ ŵiĐƌoeŶǀiƌoŶŵeŶt due to theiƌ iŵŵuŶe stiŵulatoƌǇ effeĐt aŶd 
theƌeďǇ iŵpƌoǀe ICB ;Riďas et al. ϮϬϭϳͿ.  

These eǆĐeptioŶal fiŶdiŶgs aƌe ĐliŶiĐallǇ highlǇ iŵpoƌtaŶt aŶd seƌǀe as a ďasis foƌ Ŷeǁ aŶd auspiĐious 
ĐoŵďiŶatoƌial ǀiƌo-iŵŵuŶotheƌapǇ-appƌoaĐhes iŶ a ǀaƌietǇ of ĐaŶĐeƌs, iŶĐludiŶg ďladdeƌ ĐaŶĐeƌ. IŶ this 
pƌojeĐt, ǁe aiŵed to deǀelop aŶd ĐhaƌaĐteƌize the Ŷoǀel ĐoŵďiŶatioŶ theƌapǇ usiŶg YB-ϭ ďased 
ǀiƌotheƌapǇ aŶd a PD-Lϭ speĐifiĐ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade.  

 

 

1.1 EpideŵiologǇ of ďladdeƌ ĐaŶĐeƌ 

Bladdeƌ ĐaŶĐeƌ is the ŶiŶth ŵost ĐoŵŵoŶ ĐaŶĐeƌ ǁoƌldǁide aŶd the seĐoŶd ŵost ĐoŵŵoŶ 
geŶitouƌiŶaƌǇ ĐaŶĐeƌ. Theƌe ǁeƌe aŶ estiŵated ϰϮϵ ϬϬϬ patieŶts diagŶosed foƌ ďladdeƌ ĐaŶĐeƌ aŶd ϭϲϱ 
ϬϬϬ deaths fƌoŵ ďladdeƌ ĐaŶĐeƌ iŶ ϮϬϭϮ ;FeƌlaǇ et al. ϮϬϭϱͿ. It oĐĐuƌs ŵoƌe ofteŶ iŶ ŵaŶ thaŶ iŶ ǁoŵeŶ 
;ǁoƌldǁide seǆ ƌatio of ϯ,ϱ:ϭͿ aŶd ϲϬ % of all iŶĐideŶt Đases aƌe diagŶosed iŶ ŵoƌe deǀeloped ĐouŶtƌies 
;FeƌlaǇ et al. ϮϬϭϱͿ. Risk faĐtoƌs foƌ deǀelopiŶg ďladdeƌ ĐaŶĐeƌ aƌe ŵaiŶlǇ eŶǀiƌoŶŵeŶtal ǁith Đigaƌette 
sŵokiŶg as oŶe of the ďest-estaďlished faĐtoƌs. AppƌoǆiŵatelǇ ϱϬ % of all BLCA aƌe assoĐiated ǁith 
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sŵokiŶg ;FƌeedŵaŶ et al. ϮϬϭϭͿ. Theƌe is aŶ alŵost liŶeaƌ ĐoƌƌelatioŶ ďetǁeeŶ the ƌisk of ďladdeƌ 
ĐaŶĐeƌ aŶd the duƌatioŶ of sŵokiŶg. ϮϬ Ǉeaƌs of sŵokiŶg iŶĐƌeases the ƌisk foƌ ďladdeƌ ĐaŶĐeƌ ƌoughlǇ 
aďout ϭϬϬ % aŶd ϲϬ Ǉeaƌs of sŵokiŶg aďout ϱϬϬ % ;BƌeŶŶaŶ et al. ϮϬϬϬͿ. The seĐoŶd ŵost iŵpoƌtaŶt 
ƌisk faĐtoƌ foƌ ďladdeƌ ĐaŶĐeƌ is the eǆposuƌe to ĐaƌĐiŶogeŶs like polǇĐǇĐliĐ aƌoŵatiĐ hǇdƌoĐaƌďoŶs, 
aƌoŵatiĐ aŵiŶes aŶd ĐhloƌiŶated hǇdƌoĐaƌďoŶs. These faĐtoƌs oĐĐuƌ ŵaiŶlǇ iŶ iŶdustƌial aƌeas aŶd aƌe 
assoĐiated ǁith ƌoughlǇ ϮϬ % of all ďladdeƌ ĐaŶĐeƌ Đases ;Buƌgeƌ et al. ϮϬϭϯͿ. Theƌe is also a geŶetiĐ 
susĐeptiďilitǇ foƌ ďladdeƌ ĐaŶĐeƌ. Fiƌst degƌee ƌelatiǀes to ďladdeƌ ĐaŶĐeƌ patieŶts haǀe a tǁo-fold 
iŶĐƌeased ƌisk of deǀelopiŶg ďladdeƌ ĐaŶĐeƌ ;Buƌgeƌ et al. ϮϬϭϯͿ. Soŵe iŶheƌited geŶetiĐ defeĐts like iŶ 
the ĐaƌĐiŶogeŶ detoǆifǇiŶg geŶes N-aĐetǇltƌaŶsfeƌase-Ϯ ;NATϮͿ aŶd glutathioŶe S-tƌaŶsfeƌase ;GSTMϭͿ 
aƌe additioŶal ƌisk faĐtoƌs to the eǆposuƌe of ĐaƌĐiŶogeŶs oƌ toďaĐĐo foƌ deǀelopiŶg ďladdeƌ ĐaŶĐeƌ 
;Buƌgeƌ et al. ϮϬϭϯ; KŶoǁles uŶd Huƌst ϮϬϭϱͿ. SiŶgle ŶuĐleotide polǇŵoƌphisŵs ;SNPsͿ Đlose to geŶes 
like MYC, TPϲϯ oƌ FGFRϯ aƌe also ŵodeƌate ƌisk faĐtoƌs foƌ ďladdeƌ ĐaŶĐeƌ ;KŶoǁles uŶd Huƌst ϮϬϭϱͿ. 

 

 

 

1.2 Bladdeƌ ĐaŶĐeƌ stagiŶg aŶd gƌadiŶg 

Bladdeƌ ĐaŶĐeƌ stages aƌe defiŶed ďǇ the tuŵoƌ, Ŷode aŶd ŵetastasis ;TNMͿ ĐlassifiĐatioŶ ǁhiĐh 
desĐƌiďes the eǆteŶt of iŶǀasioŶ ;figuƌe ϭ.ϭͿ ;KŶoǁles uŶd Huƌst ϮϬϭϱ; Witjes et al. ϮϬϭϰͿ. T desĐƌiďes 
the size of the tuŵoƌ aŶd ǁhetheƌ it has iŶǀaded ŶeaƌďǇ tissue. N desĐƌiďes if pƌoǆiŵate lǇŵph Ŷodes 
aƌe iŶǀolǀed aŶd M sĐoƌes distaŶt ŵetastasis foƌŵatioŶ ;Witjes et al. ϮϬϭϰͿ. Flat tuŵoƌs loĐalized to the 
epitheliuŵ aƌe Đlassified as ĐaƌĐiŶoŵa iŶ situ ;CISͿ. Stage Ta desĐƌiďes ŶoŶ-ŵusĐle iŶǀasiǀe ďladdeƌ 
ĐaŶĐeƌ ǁhiĐh ŵake up the ŵajoƌitǇ of ďladdeƌ ĐaŶĐeƌ at diagŶosis ;ƌoughlǇ ϲϬ %Ϳ. Stage Ta tuŵoƌs aƌe 
papillaƌǇ tuŵoƌs of loǁ gƌade, theǇ aƌe desĐƌiďed as ŶoŶ-ŵusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ ;NMIBCͿ. 
Stage Tϭ tuŵoƌs peŶetƌate the epitheliuŵ ďut do Ŷot iŶǀade iŶto the ŵusĐle laǇeƌ. Tuŵoƌs of stages 
TϮa aŶd TϮď iŶǀade the supeƌfiĐial aŶd deep ŵusĐle. Tϯ stage tuŵoƌs alƌeadǇ peŶetƌate peƌiǀesiĐal 
tissue aŶd Tϰ tuŵoƌs aƌe those that iŶǀade adjaĐeŶt tissues aŶd oƌgaŶs. Tuŵoƌs ďeloŶgiŶg to stages Tϭ 
up to Tϰ aƌe desĐƌiďed as ŵusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ ;MIBCͿ aŶd high-gƌade tuŵoƌs. NMIBCs haǀe 
a fiǀe-Ǉeaƌ suƌǀiǀal of ƌoughlǇ ϵϬ %, theǇ ŵostlǇ ƌeĐuƌ aŶd ƌaƌelǇ pƌogƌess to iŶǀasiǀe foƌŵs. MIBCs 
ofteŶ pƌogƌess aŶd deǀelop ŵetastasis, theǇ haǀe a fiǀe-Ǉeaƌ suƌǀiǀal of less thaŶ ϱϬ % ;KŶoǁles uŶd 
Huƌst ϮϬϭϱͿ. 
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Figure 1.1: Bladder ĐanĐer staging. Tis desĐriďes loĐal epithelial dǇsplasia. Ta iŶĐludes ŶoŶ-iŶǀasiǀe 
tuŵors. IŶǀasiǀe tuŵors are staged froŵTϭ to Tϰ depeŶdiŶg oŶ their iŶǀasiǀe groǁth iŶto 
surrouŶdiŶg tissue. Figure adapted froŵ ;KŶoǁles uŶd Hurst ϮϬϭϱͿ. 

 

 

 

1.3 The ďiology of adenoviruses 

HuŵaŶ adeŶoǀiruses are douďle straŶded, ŶoŶ-eŶǀeloped DNA ǀiruses that ĐaŶ iŶfeĐt a ǀarietǇ of 
huŵaŶ tissues ;GheďreŵedhiŶ ϮϬϭϰͿ. TheǇ ďeloŶg to the faŵilǇ of AdeŶoǀiridae aŶd the geŶus 
MastadeŶoǀirus. Aďout ϲϬ serotǇpes are kŶoǁŶ ǁhiĐh ĐaŶ ďe Đlassified iŶto seǀeŶ speĐies ;A-GͿ. 
AdeŶoǀiruses are DNA ǀiruses that haǀe a ĐharaĐteristiĐ iĐosahedral struĐture ;figure ϭ.ϮͿ. The 
iĐosahedral Đapsid ĐoŶsists of a Ŷuŵďer of ŵiŶor proteiŶs, VI, VIII, IX, IIIa, IVaϮ aŶd the three ŵajor 
proteiŶs heǆoŶ ;IIͿ, peŶtoŶ ďase ;IIIͿ aŶd a kŶoďďed fiďer ;IVͿ ;Russell ϮϬϬϬͿ. There are ϮϰϬ heǆoŶs iŶ 
oŶe Đapsid ǁhiĐh ĐaŶ ďe grouped iŶto four tǇpes, Hϭ to Hϰ, aĐĐordiŶg to their differeŶt eŶǀiroŶŵeŶt. 
The peŶtoŶ Đapsoŵere ĐoŶsists of the peŶtoŶ ďase aŶd the fiďer ǁhiĐh ďiŶds ŶoŶ-ĐoǀaleŶtlǇ to the 
peŶtoŶ ďase. The fiďer proteiŶ is esseŶtial iŶ the earlǇ eǀeŶt of iŶfeĐtioŶ as it ďiŶds to adeŶoǀiral 
reĐeptors oŶ the host Đell aŶd ŵediates Đell eŶtrǇ ;Russell ϮϬϬ9Ϳ. The liŶear, douďle straŶded geŶoŵe 
has a size of Ϯϲ to ϰϰ kilo ďase pairs aŶd is ĐoǀaleŶtlǇ attaĐhed to the terŵiŶal proteiŶ ;TPͿ at its ϱ’ 
terŵiŶi ;Russell ϮϬϬϬͿ. IŶ additioŶ, the DNA is assoĐiated ǁith the three Đore proteiŶs V, VII aŶd Mu ;μͿ. 
WithiŶ the ǀirioŶ, the DNA is orgaŶized iŶ a ĐeŶtral deŶse Đore ;GiďersoŶ et al. ϮϬϭϮͿ. This ǁork foĐuses 
oŶ AdeŶoǀirus speĐies C, serotǇpe ϱ.  
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Figure ϭ.Ϯ: AdeŶovirus structure. A sĐheŵatiĐ depiĐtioŶ of the adeŶoǀiral struĐture shoǁs the 
iĐosahedral Đapsid ĐoŵprisiŶg heǆoŶ proteiŶs, peŶtoŶ ďase proteiŶs aŶd fiďre proteiŶs. The 
dsDNA ǁithiŶ the Đore is staďilized ďǇ Đore proteiŶs aŶd the terŵiŶal proteiŶ ;Russell ϮϬϬϬͿ. 
Figure adapted froŵ ;Russell ϮϬϬϵͿ. 

 

 

 AdeŶoviral iŶfectioŶ, life cycle aŶd host tropisŵ 

DuriŶg the iŶitial phase of iŶfeĐtioŶ, the fiďer proteiŶ iŶteraĐts ǁith the giǀeŶ host ďǇ ďiŶdiŶg to the 
priŵarǇ reĐeptor ǁhiĐh differs aŵoŶg the suďgroups ;Sharŵa et al. ϮϬϬϵͿ. The ŵost used reĐeptor is 
the ĐoǆsaĐkie aŶd adeŶoǀirus reĐeptor ;CARͿ ;Russell ϮϬϬϵͿ. It ďeloŶgs to the iŵŵuŶogloďiŶ 
superfaŵilǇ aŶd is supposed to ďe iŶǀolǀed iŶ tight juŶĐtioŶ forŵatioŶ iŶ epithelial Đells ;CoheŶ et al. 
ϮϬϬϭ; PhilipsoŶ uŶd PetterssoŶ ϮϬϬϰͿ. Further adeŶoǀiral reĐeptors are, ďesides other, CDϰϲ, CDϴϬ/ϴϲ 
or sialiĐ aĐid ;ArŶďerg et al. ϮϬϬϬͿ. For suĐĐessful iŶfeĐtioŶ of the host Đell, Ŷot oŶlǇ reĐeptor attaĐhŵeŶt 
ďut also rapid iŶterŶalizatioŶ is iŵportaŶt. This oĐĐurs ǁith ďiŶdiŶg of the highlǇ ĐoŶserǀed ArgiŶiŶe-
GlǇĐiŶe-AspartiĐ aĐid ;RGDͿ ŵotif oŶ the peŶtoŶ ďase to αǀβϯ or αǀβϱ iŶtegriŶs. The ǀirus is ĐoŵpletelǇ 
iŶterŶalized ďǇ ĐlathriŶ-Đoated ǀesiĐles or eŶdosoŵes ;Russell ϮϬϬϵ; Neŵeroǁ ϮϬϬϬͿ. To faĐilitate this 
proĐess Đellular sigŶaliŶg ŵoleĐules like Rho GTPases aŶd phosphatidǇliŶositol-ϰ,ϱ-ďiphosphate ϯ-
kiŶase ;PIϯ kiŶasesͿ help to disrupt the ĐǇtoskeletoŶ. WithiŶ the eŶdosoŵe, the ǀiral partiĐle ďreaks 
apart aŶd the eŶdosoŵe is destroǇed ǀia eŶdosoŵal aĐidifiĐatioŶ ǁhiĐh reǀeals the heǆoŶ Đoated Đore 
iŶ the ĐǇtoplasŵ. There, it ďiŶds to the ŶuĐlear pore ;NPͿ oŶ the ŶuĐleus aŶd iŶjeĐts the DNA ĐoŶtaiŶiŶg 
ĐeŶtral Đore iŶto it ;Russell ϮϬϬϵ; GiďersoŶ et al. ϮϬϭϮͿ. This proĐess is ŵediated ďǇ the assoĐiatioŶ of 
the ǀiral Đore to the Đellular proteiŶ pϯϮ ;Mattheǁs uŶd Russell ϭϵϵϰͿ. WithiŶ the ŶuĐleus, the priŵarǇ 
traŶsĐriptioŶ eǀeŶts are iŶitiated aŶd ǀirus DNA repliĐatioŶ is aĐtiǀated. After suĐĐessful DNA 
repliĐatioŶ, the ŶuĐlear ŵeŵďraŶe is disrupted aŶd the ǀiruses are released iŶ the ĐǇtoplasŵ. 
DisiŶtegratioŶ of the plasŵa ŵeŵďraŶe alloǁs the release of Ŷeǁ ǀiruses ;Russell ϮϬϬϬͿ. 

AdeŶoǀirus suďgroups shoǁ differeŶĐes iŶ their tissue tropisŵs. It is thought that iŶitial attaĐhŵeŶt 
of the ǀirus to its suďgroup speĐifiĐ reĐeptors is oŶe deterŵiŶaŶt for tissue tropisŵ. IŶ geŶeral, 
adeŶoǀiruses ŵostlǇ Đause ŵild, flue-like sǇŵptoŵs aŶd respiratorǇ iŶfeĐtioŶs ďut ĐaŶ also Đause 
gastroiŶtestiŶal, kidŶeǇ aŶd uriŶarǇ traĐt iŶfeĐtioŶs. IŶ iŵŵuŶe or ŶutritioŶallǇ Đoŵproŵised 
iŶdiǀiduals, adeŶoǀiral iŶfeĐtioŶ ĐaŶ lead to aĐute respiratorǇ iŶfeĐtioŶs ǁith life-threateŶiŶg ǀiral 
spread ;RoďiŶsoŶ et al. ϮϬϭϯͿ. 
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 AdeŶoǀiral geŶoŵe regulatioŶ 

The geŶoŵe of the adeŶoǀiƌus ϱ Đoŵpƌises ƌoughlǇ ϯϲ ϬϬϬ ďase paiƌs. It is oƌgaŶized iŶ eaƌlǇ aŶd 
late geŶes depeŶdiŶg oŶ theiƌ eǆpƌessioŶ ďefoƌe oƌ afteƌ ǀiƌal DNA ƌepliĐatioŶ ;figuƌe ϭ.ϯͿ ;Saha et al. 
ϮϬϭϰͿ.  

 

 

 

Figure 1.3: A siŵplified oǀerǀieǁ of the ǁild type adeŶoǀiral geŶoŵe. The adeŶoǀiƌal geŶoŵe ĐoŶsists 
of eaƌlǇ geŶes ;Eϭ to EϰͿ aŶd late geŶes ;Lϭ to LϱͿ. EaƌlǇ geŶes get aĐtiǀated iŶ the fiƌst ϴ 
houƌs afteƌ iŶfeĐtioŶ, theǇ eŶĐode foƌ ƌegulatoƌǇ pƌoteiŶs ǁhiĐh aƌe ŶeĐessaƌǇ foƌ ǀiƌal 
ƌepliĐatioŶ. The tƌaŶsĐƌiptioŶ of late geŶes staƌts at the eŶd of the iŶfeĐtioŶ pƌoĐess, theǇ 
eŶĐode foƌ stƌuĐtuƌal pƌoteiŶs.  

 

 

The eaƌlǇ geŶes EϭA, EϭB, EϮ, Eϯ aŶd Eϰ aƌe the fiƌst geŶes tƌaŶsĐƌiďed, theǇ eŶĐode foƌ pƌoteiŶs 
ǁhiĐh aƌe ŶeĐessaƌǇ foƌ alteƌiŶg the Đellulaƌ eŶǀiƌoŶŵeŶt to eŶaďle ǀiƌal DNA ƌepliĐatioŶ aŶd ǀiƌus 
pƌoduĐtioŶ. EϭA ŵesseŶgeƌ RNAs ;ŵRNAsͿ haǀe ďeeŶ deteĐted as eaƌlǇ as ϯϬ ŵiŶutes afteƌ iŶfeĐtioŶ. 
Theƌefoƌe, the EϭA geŶe is defiŶed as iŵŵediate eaƌlǇ geŶe ;BoulaŶgeƌ uŶd Blaiƌ ϭϵϵϭͿ. It eŶĐodes foƌ 
the fiǀe pƌoteiŶs ϵS ;ϱϱ aŵiŶo aĐidsͿ, ϭϬS ;ϭϳϭ aŵiŶo aĐidsͿ, ϭϭS ;Ϯϭϳ aŵiŶo aĐidsͿ, ϭϮS ;Ϯϰϯ aŵiŶo 
aĐidsͿ aŶd ϭϯS ;Ϯϴϵ aŵiŶo aĐidsͿ. The ϭϮS aŶd the ϭϯS pƌoteiŶ plaǇ iŵpoƌtaŶt ƌoles iŶ geŶoŵe 
ƌegulatioŶ aŶd tƌaŶsĐƌiptioŶal ĐoŶtƌol ;NeƌǀiŶs ϭϵϴϳͿ. TheǇ shaƌe the tǁo ĐoŶseƌǀed ƌegioŶs CRϭ aŶd 
CRϮ, the CRϯ doŵaiŶ is uŶiƋue to the ϭϯS pƌoteiŶ. The EϭA pƌoteiŶs optiŵize the Đellulaƌ ŵilieu foƌ 
ǀiƌal ƌepliĐatioŶ ďǇ iŶduĐiŶg ŵitotiĐ aĐtiǀitǇ iŶ the host Đell, ĐouŶteƌaĐtiŶg defeŶse ŵeĐhaŶisŵs agaiŶst 
the ǀiƌus aŶd iŶduĐiŶg eǆpƌessioŶ of ƌeŵaiŶiŶg eaƌlǇ geŶes ;Saha et al. ϮϬϭϰ; BoulaŶgeƌ uŶd Blaiƌ ϭϵϵϭͿ. 

The EϭB tƌaŶsĐƌipt Đoŵpƌises tǁo spliĐe ǀaƌiaŶts. TheǇ eŶĐode foƌ tǁo stƌuĐtuƌal uŶƌelated pƌoteiŶs 
ǁith ŵoleĐulaƌ ŵasses of ϭϵ kDa aŶd ϱϱ kDa, ďoth ŵediatiŶg aŶti apoptotiĐ effeĐts. Togetheƌ ǁith 
Eϰoƌfϲ, the EϭBϱϱK pƌoteiŶ iŶhiďits a pϱϯ ŵediated Đell ĐǇĐle aƌƌest aŶd apoptosis, ǁheƌeas EϭBϭϵK, a 
B Đell lǇŵphoŵa-Ϯ ;BĐl-ϮͿ hoŵologue pƌoteiŶ, liŵits BĐl-Ϯ iŶduĐed Đell death.  

The EϮ geŶe eŶĐodes foƌ the ǀiƌal DNA polǇŵeƌase, the ϱ’ pƌeĐuƌsoƌ teƌŵiŶal pƌoteiŶ ;pTPͿ ǁhiĐh 
seƌǀes as a pƌiŵeƌ foƌ adeŶoǀiƌal DNA ƌepliĐatioŶ aŶd the DNA ďiŶdiŶg pƌoteiŶ ;DBPͿ that uŶǁiŶds the 
DNA teŵplate aŶd is iŵpoƌtaŶt iŶ the ĐoŶtƌol of eaƌlǇ aŶd late geŶe tƌaŶsĐƌiptioŶ ;Stuiǀeƌ, ǀaŶ deƌ 
VlieŶt ϭϵϵϬ; HaǇ et al. ϭϵϵϱͿ.  
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The Eϯ geŶe Đodes foƌ seǀeƌal pƌoteiŶs that aƌe iŶǀolǀed iŶ ŵodulatiŶg the host iŵŵuŶe sǇsteŵ iŶ 
faǀouƌ of ǀiƌal ƌepliĐatioŶ aŶd foƌ pƌoteiŶs iŶǀolǀed iŶ Đell lǇsis ;YuŶ et al. ϮϬϬϱͿ. Majoƌ Eϯ pƌoteiŶs aƌe 
the adeŶoǀiƌal death pƌoteiŶ ;ADPͿ aŶd the EϯgpϭϵK pƌoteiŶ. ADP is iŵpoƌtaŶt duƌiŶg host Đell lǇsis 
aŶd the ƌelease of Ŷeǁ ǀiƌuses ǁheƌeas EϯgpϭϵK iŶteƌfeƌes iŶ the pƌoĐess of aŶtigeŶ pƌeseŶtatioŶ ǀia 
MHC ŵoleĐules ;Russell ϮϬϬϬͿ. The Eϯ RID pƌoteiŶ iŶhiďits Fas-iŶduĐed Đell lǇsis duƌiŶg ǀiƌal ƌepliĐatioŶ 
;YuŶ et al. ϮϬϬϱͿ.  

The Eϰ pƌoteiŶs haǀe diffeƌeŶt fuŶĐtioŶs duƌiŶg iŶfeĐtioŶ, theǇ aƌe iŶǀolǀed iŶ ǀiƌal DNA sǇŶthesis, 
iŶhiďitioŶ of Đellulaƌ pƌoteiŶ sǇŶthesis aŶd theǇ ƌegulate ŵRNA shuttliŶg aŶd Đell death ;Bƌaithǁaite 
uŶd Russell ϮϬϬϭͿ. As ŵeŶtioŶed aďoǀe, Eϰoƌfϲ togetheƌ ǁith EϭBϱϱK is kŶoǁŶ to iŶhiďit pϱϯ ŵediated 
Đell death. Eϰoƌfϰ is iŶǀolǀed iŶ pƌoteiŶ phosphatase ϮA ;PPϮAͿ ŵediated apoptosis aŶd Eϰoƌfϲ/ϳ 
iŶteƌaĐts ǁith EϮFϭ to staďilize its EϮ pƌoŵoteƌ ďiŶdiŶg aďilitǇ ;Bƌaithǁaite uŶd Russell ϮϬϬϭͿ. 

AppƌoǆiŵatelǇ ϭϬ houƌs afteƌ iŶfeĐtioŶ, the ŵajoƌ late pƌoŵoteƌ ;MLPͿ is fullǇ aĐtiǀe aŶd alloǁs 
tƌaŶsĐƌiptioŶ of the late geŶes Lϭ to Lϱ. TheǇ eŶĐode foƌ stƌuĐtuƌal pƌoteiŶs, ŵost iŵpoƌtaŶt oŶes aƌe 
the heǆoŶ pƌoteiŶ, peŶtoŶ aŶd fiďeƌ pƌoteiŶs ;Russell ϮϬϬϵͿ.  

 

 

Taďle ϭ: IŵpoƌtaŶt adeŶoǀiƌal pƌoteiŶs aŶd theiƌ fuŶĐtioŶ. 

PƌoteiŶ FuŶĐtioŶ 

EϭA  TƌaŶsaĐtiǀatioŶ of eaƌlǇ ǀiƌal geŶe pƌoŵoteƌs 

EϭBϭϵK IŶhiďitioŶ of BĐl-Ϯ ŵediated Đell death 

EϭBϱϱK IŶhiďitioŶ of pϱϯ ŵediated Đell ĐǇĐle aƌƌest togetheƌ ǁith Eϰoƌfϲ 

EϮA, EϮB Pƌoǀide the ƌepliĐatioŶ ŵaĐhiŶeƌǇ foƌ ǀiƌal DNA  

Eϯ ADP  IŶitiatioŶ of Đell lǇsis 

EϯgpϭϵK IŶteƌfeƌeŶĐe iŶ MHC ŵediated aŶtigeŶ pƌeseŶtatioŶ 

Eϯ RID IŶhiďitioŶ of Fas iŶduĐed Đell lǇsis 

Eϰoƌfϰ IŶduĐtioŶ of apoptosis 

Eϰoƌfϲ/ϳ DNA sǇŶthesis 

 

 

1.3.3 AdeŶoǀiƌal iŶteƌfeƌeŶĐe iŶ Đell ĐǇĐle ƌegulatioŶ  

Viƌuses aƌe Ŷot autaƌĐhiĐ. TheǇ Ŷeed Đellulaƌ ŵeĐhaŶisŵs aŶd pƌoteiŶs foƌ geŶoŵe ƌepliĐatioŶ aŶd 
aƌe theƌefoƌe depeŶdeŶt oŶ Đellulaƌ ƌesouƌĐes. To geŶeƌate aŶ ideal eŶǀiƌoŶŵeŶt foƌ theiƌ ƌepliĐatioŶ 
aŶd pƌoduĐtioŶ, ǀiƌuses ŵaŶipulate pƌogƌessioŶ thƌough the Đell ĐǇĐle aŶd iŶteƌfeƌe iŶ ĐheĐkpoiŶt 
sigŶaliŶg. IŶ this ƌegaƌd, the pϱϯ aŶd Rď pathǁaǇ aƌe tǁo ĐƌuĐial pathǁaǇs that aƌe utilized ďǇ 
adeŶoǀiƌuses ;ChauƌushiǇa uŶd WeitzŵaŶ ϮϬϬϵͿ. 

The pRď pƌoteiŶ is a ǁell-kŶoǁŶ tuŵoƌ suppƌessoƌ pƌoteiŶ, it iŶhiďits Đell ĐǇĐle pƌogƌessioŶ aŶd 
iŶduĐes aƌƌest iŶ Gϭ stage ďǇ ďiŶdiŶg to EϮFs ;DǇsoŶ ϭϵϵϴ; Sheƌƌ uŶd MĐCoƌŵiĐk ϮϬϬϮͿ. The EϮF faŵilǇ 
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Đoŵpƌises seƋueŶĐe-speĐifiĐ DNA ďiŶdiŶg tƌaŶsĐƌiptioŶ faĐtoƌs ǁhiĐh iŶduĐe eǆpƌessioŶ of geŶes 
ŶeĐessaƌǇ foƌ S phase eŶtƌǇ ;TƌiŵaƌĐhi uŶd Lees ϮϬϬϮͿ. Afteƌ iŶitiatioŶ of the Đell ĐǇĐle aŶd pƌogƌessioŶ 
to the S phase ǀia ĐǇĐliŶ D eǆpƌessioŶ, aĐtiǀated CDKϰ/ϲ hǇpeƌphosphoƌǇlates pRď ;EǁeŶ et al. ϭϵϵϯͿ. 
This ƌeleases the tƌaŶsĐƌiptioŶ faĐtoƌ EϮF fƌoŵ pRď aŶd iŶduĐes taƌget geŶe tƌaŶsĐƌiptioŶ aŶd Đell ĐǇĐle 
pƌogƌessioŶ. The adeŶoǀiƌal EϭA pƌoteiŶ is kŶoǁŶ to taƌget the EϮF-Rď Đoŵpleǆ iŶ oƌdeƌ to disƌupt it. 
This fƌees EϮF ǁhiĐh ĐaŶ pƌoŵote spoŶtaŶeous S phase tƌaŶsitioŶ ;BellaĐĐhio uŶd Paggi ϮϬϭϯͿ.  

AŶotheƌ optioŶ to ŵediate Gϭ/S phase tƌaŶsitioŶ is ǀia pϱϯ iŶaĐtiǀatioŶ. Due to the EϭA iŶduĐed 
ƌelease of EϮF, EϮFϭ aĐtiǀates tƌaŶsĐƌiptioŶ of pϭϰ/ARF, a Mouse douďle ŵiŶute Ϯ hoŵolog ;MdŵϮͿ 
ŶeutƌaliziŶg pƌoteiŶ ;BeŶ-Isƌael ϮϬϬϮͿ. This Đauses iŶhiďitioŶ of MdŵϮ fuŶĐtioŶ aŶd ĐoŶseƋueŶtlǇ 
eleǀated pϱϯ leǀels ;ZhaŶg et al. ϭϵϵϴͿ. To ĐouŶteƌaĐt this effeĐt, the adeŶoǀiƌal pƌoteiŶs EϭBϱϱK aŶd 
Eϰoƌfϲ iŶduĐe iŶhiďitioŶ, uďiƋuitiŶatioŶ aŶd pƌoteasoŵal degƌadatioŶ of pϱϯ aŶd theƌeďǇ pƌeǀeŶt Đell 
ĐǇĐle aƌƌest aŶd apoptosis of iŶfeĐted Đells ;BeŶ-Isƌael ϮϬϬϮͿ. EϭBϱϱK ďiŶds to pϱϯ aŶd ďloĐks its 
tƌaŶsĐƌiptioŶal aĐtiǀatioŶ aŶd gƌoǁth suppƌessiǀe fuŶĐtioŶ ;MaƌtiŶ uŶd Beƌk ϭϵϵϴͿ. Eϰoƌfϲ eitheƌ 
iŶteƌaĐts diƌeĐtlǇ ǁith pϱϯ oƌ ďiŶds to it iŶ a Đoŵpleǆ ǁith EϭBϱϱK aŶd iŶduĐes pϱϯ degƌadatioŶ 
;Queƌido et al. ϭϵϵϳͿ. 

 

 

1.3.3.1 The Đell ĐǇĐle iŶhiďitoƌs ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ 

DeƌegulatioŶ of the Đell ĐǇĐle aŶd a suďseƋueŶt uŶĐoŶtƌolled pƌolifeƌatioŶ aƌe pƌoŵiŶeŶt 
oĐĐuƌƌeŶĐes iŶ ĐaŶĐeƌ Đells ǁhiĐh ďeloŶg to the hallŵaƌks of ĐaŶĐeƌ ;HaŶahaŶ uŶd WeiŶďeƌg ϮϬϬϬͿ. 
TaƌgetiŶg the uŶguided Đell ĐǇĐle usiŶg sŵall ŵoleĐules is oŶe appƌoaĐh to tƌeat ĐaŶĐeƌ.  

The pƌoteiŶ pϱϯ plaǇs aŶ esseŶtial ƌole iŶ Đell ĐǇĐle ƌegulatioŶ ďǇ iŶduĐiŶg apoptosis as ǁell as Gϭ 
aƌƌest ;Shaǁ ϭϵϵϲͿ. It is ƌegulated ďǇ the oŶĐopƌoteiŶ MdŵϮ ďǇ taƌgetiŶg pϱϯ foƌ pƌoteasoŵe ŵediated 
degƌadatioŶ ;Walsh et al. ϮϬϭϱͿ. The speĐifiĐ pϱϯ-MdŵϮ iŶteƌaĐtioŶ is a highlǇ Đoǀeted taƌget foƌ 
iŶhiďitoƌs that ƌegulate the Đell ĐǇĐle. NutliŶs aƌe a gƌoup of sŵall ŵoleĐules that ǁeƌe fouŶd to disƌupt 
the pϱϯ-MdŵϮ iŶteƌaĐtioŶ ďǇ ďiŶdiŶg to the pϱϯ ďiŶdiŶg doŵaiŶ iŶ the N teƌŵiŶal ƌegioŶ of MdŵϮ 
;Vassileǀ et al. ϮϬϬϰͿ. TheƌeďǇ, pϱϯ is ƌeleased fƌoŵ its Ŷegatiǀe ƌegulatoƌ aŶd ĐaŶ aĐtiǀate pathǁaǇs 
that ŵediate Đell ĐǇĐle aƌƌest aŶd apoptosis. NutliŶ-ϯa is the ŵost poteŶt aŶd aĐtiǀe ŵeŵďeƌ of this 
gƌoup aŶd its pϱϯ-aĐtiǀatiŶg fuŶĐtioŶ has ďeeŶ pƌoofed iŶ ǀaƌious ĐaŶĐeƌ Đell liŶes eǆpƌessiŶg ǁild tǇpe 
pϱϯ ;Walsh et al. ϮϬϭϱͿ. IŶ this ĐoŶteǆt it has ďeeŶ shoǁŶ that pϮϭ ǁhiĐh is upƌegulated ďǇ pϱϯ is 
iŵpoƌtaŶt iŶ ŵediatiŶg Đell death ;Dƌakos et al. ϮϬϭϭͿ. IŶ additioŶ, ŶutliŶ-ϯa doǁŶƌegulates EϮFϭ aŶd 
total Rď leǀels ďǇ ŵaiŶlǇ affeĐtiŶg hǇpophosphoƌǇlated Rď iŶ pϱϯ ǁild tǇpe Đells ;Walsh et al. ϮϬϭϱͿ. It 
has ďeeŶ ƌepoƌted that ŶutliŶ-ϯa has pƌoŵisiŶg effeĐts iŶ pϱϯ ǁild tǇpe tuŵoƌs ;Vassileǀ et al. ϮϬϬϰͿ. 
Hoǁeǀeƌ, aďout ϱϬ % of all tuŵoƌ eŶtities eǆpƌess ŵutated pϱϯ. IŶ these ŵaligŶaŶĐies, the theƌapeutiĐ 
effeĐt of ŶutliŶ-ϯa is pϱϯ iŶdepeŶdeŶt, it upƌegulates EϮFϭ ďǇ iŶhiďitiŶg the ďiŶdiŶg of MdŵϮ to EϮFϭ 
;AŵďƌosiŶi et al. ϮϬϬϳͿ. Theƌefoƌe, ŶutliŶ-ϯa ƌepƌeseŶts a pƌoŵisiŶg ŵoleĐule foƌ taƌgeted theƌapǇ that 
is ĐuƌƌeŶtlǇ tested iŶ ǀaƌious ĐliŶiĐal tƌials as ŵoŶotheƌapǇ aŶd also iŶ ĐoŵďiŶatoƌial appƌoaĐhes ;Walsh 
et al. ϮϬϭϱͿ. 

Besides this, CDKs aƌe aŶotheƌ taƌget to stop uŶĐoŶtƌolled Đell pƌolifeƌatioŶ. IŶhiďitioŶ of CDKs ĐaŶ 
pƌeǀeŶt Rď phosphoƌǇlatioŶ, ƌepƌess the ƌelease of EϮF aŶd ďloĐk S phase eŶtƌǇ. PD-ϬϯϯϮϵϵϭ is 
ƌepoƌted to ďe a CDKϰ/ϲ iŶhiďitoƌ ǁhiĐh has ďeeŶ tested iŶ pƌe-ĐliŶiĐal ŵodels foƌ ǀaƌious tuŵoƌ 



  ϭ  IŶtroduĐtioŶ 

- ϴ - 
 

eŶtities iŶĐludiŶg ďƌeast, luŶg, pƌostate aŶd ďladdeƌ ĐaŶĐeƌ. These data pƌoǀide eǀideŶĐe that CDKϰ/ϲ 
iŶhiďitioŶ usiŶg PD-ϬϯϯϮϵϵϭ is a poteŶtial theƌapeutiĐ appƌoaĐh foƌ Rď positiǀe ďladdeƌ ĐaŶĐeƌ ǁheƌeas 
Rď ŵutated ďladdeƌ ĐaŶĐeƌ Đells aƌe ƌesistaŶt to PD-ϬϯϯϮϵϵϭ tƌeatŵeŶt ;Sathe et al. ϮϬϭϲͿ. Its 
ŵeĐhaŶisŵ of aĐtioŶ is ďased oŶ the iŶduĐtioŶ of a GϬ/Gϭ aƌƌest ďǇ iŶhiďitiŶg Rď ŵediated Gϭ-S phase 
tƌaŶsitioŶ iŶ Rď ǁild tǇpe Đells ;Asghaƌ et al. ϮϬϭϱͿ.  

 

 

1.4 OŶĐolǇtiĐ ǀiƌuses foƌ ĐaŶĐeƌ theƌapǇ  

OŶĐolǇtiĐ ǀiƌotheƌapǇ ;OVTͿ is a theƌapeutiĐ appƌoaĐh foƌ ĐaŶĐeƌ tƌeatŵeŶt that uses Ŷatiǀe oƌ 
geŶetiĐallǇ ŵodified ǀiƌuses ǁhiĐh seleĐtiǀelǇ ƌepliĐate iŶ ĐaŶĐeƌ Đells. The pƌiŶĐiple ďehiŶd this Ŷeǁ 
theƌapeutiĐ Đlass of iŵŵuŶotheƌapǇ is ďased oŶ tǁo effeĐts, the seleĐtiǀe tuŵoƌ Đell killiŶg aŶd the 
iŶduĐtioŶ of a loĐal aŶd sǇsteŵiĐ aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse ;KaufŵaŶ et al. ϮϬϭϱͿ. OVT ǁas ďoƌŶ iŶ 
the ďegiŶŶiŶg of the ϮϬth ĐeŶtuƌǇ aŶd theƌe ǁeƌe fiƌst data puďlished iŶ the ϭϵϱϬth ;Mooƌe ϭϵϱϮͿ. 
Hoǁeǀeƌ, the fiƌst phase III studǇ usiŶg a ǀiƌal-ďased theƌapǇ foƌ ŵelaŶoŵa has oŶlǇ just ďeeŶ puďlished 
;AŶdtďaĐka et al. ϮϬϭϱͿ. The iŶteƌest iŶ ǀiƌotheƌapǇ has iŶĐƌeased dƌaŵatiĐallǇ iŶ the last deĐade, ǁith 
a ƌeseaƌĐh foĐus oŶ tuŵoƌ iŵŵuŶologǇ, ǀiƌus ďiologǇ aŶd ĐoŵďiŶatioŶ theƌapies ;KaufŵaŶ et al. ϮϬϭϱͿ. 
Up to Ŷoǁ, poǆǀiƌuses, HSV-ϭ, ĐoǆsaĐkie ǀiƌuses, polioǀiƌuses, ŵeasles ǀiƌuses aŶd adeŶoǀiƌuses haǀe 
eŶteƌed ĐliŶiĐal tƌials ;KaufŵaŶ et al. ϮϬϭϱͿ. 

 

 

 

1.4.1 The ĐoŶĐept of oŶĐolǇtiĐ ǀiƌotheƌapǇ 

The ĐoŶĐept of OVT as a theƌapǇ agaiŶst ĐaŶĐeƌ sǁitĐhed fƌoŵ a ǀiƌotheƌapeutiĐ to aŶ 
iŵŵuŶologiĐal appƌoaĐh ;Guo et al. ϮϬϭϳͿ. OƌigiŶallǇ, it ǁas thought that the eǆĐlusiǀe effeĐt of 
ǀiƌotheƌapǇ is a seleĐtiǀe tuŵoƌ Đell lǇsis ;KiƌŶ ϮϬϬϱͿ. The tƌeŵeŶdous ƌeseaƌĐh iŶteŶsitǇ oŶ this field 
shoǁed that theƌe is also aŶ iŵŵuŶologiĐal aspeĐt of ǀiƌotheƌapǇ ǁhiĐh ǁas shoǁŶ to ďe esseŶtial foƌ 
the theƌapeutiĐ effeĐtiǀeŶess ;Soďol et al. ϮϬϭϭ; Diaz et al. ϮϬϬϳ; PƌestǁiĐh et al. ϮϬϬϴͿ. Thus, the 
ĐuƌƌeŶt ĐoŶĐept of OVT iŶĐludes tǁo ŵajoƌ effeĐts: the diƌeĐt iŶfeĐtioŶ aŶd seleĐtiǀe lǇsis of ĐaŶĐeƌ 
Đells aŶd the stiŵulatioŶ of aŶ aŶti-tuŵoƌ ;aŶd aŶti-ǀiƌalͿ iŵŵuŶe ƌespoŶse ;figuƌe ϭ.ϰͿ ;Guo et al. 
ϮϬϭϳͿ.  

Afteƌ iŶfeĐtioŶ of ďoth healthǇ tissue aŶd tuŵoƌ tissue, the ǀiƌus ƌepliĐates seleĐtiǀelǇ aŶd 
eǆĐlusiǀelǇ iŶ tuŵoƌ Đells. WheŶ the ǀiƌal life ĐǇĐle ǁithiŶ the host Đell is Đoŵpleted, ǀiƌal pƌoteiŶs 
ŵediate Đell lǇsis to ƌelease ŶeǁlǇ pƌoduĐed ǀiƌuses. This is ŵaiŶlǇ ŵediated ďǇ the Eϯ ADP pƌoteiŶ 
;YuŶ et al. ϮϬϬϱͿ. UŶlike otheƌ Eϯ pƌoteiŶs, ADP is solelǇ eǆpƌessed iŶ the late phase of ǀiƌal iŶfeĐtioŶ 
;TollefsoŶ et al. ϭϵϵϲͿ. It iŶduĐes Đell death aŶd theƌeďǇ ƌeleases ŶeǁlǇ pƌoduĐed ǀiƌuses ǁhiĐh spƌead 
ǁithiŶ the tuŵoƌ aŶd iŶfeĐt ŶeaƌďǇ tuŵoƌ Đells ;ďǇstaŶdeƌ effeĐtͿ ;TollefsoŶ et al. ϭϵϵϲͿ. The 
destƌuĐtioŶ of tuŵoƌ Đells ďǇ the ǀiƌus is the fiƌst ŵajoƌ effeĐt of ǀiƌotheƌapǇ, folloǁed ďǇ a ĐoŶseƋueŶt 
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iŵŵuŶe stiŵulatoƌǇ effeĐt ǁhiĐh is the seĐoŶd ŵaiŶ effeĐt of ǀiƌotheƌapǇ ;Wolleƌ et al. ϮϬϭϰͿ. The 
iŵŵuŶe stiŵulatoƌǇ effeĐt is, aŵoŶg otheƌ ŵeĐhaŶisŵs, a ĐoŶseƋueŶĐe of the ǀiƌus iŶduĐed 
iŵŵuŶogeŶiĐ Đell death ;ICDͿ ǁhiĐh does Ŷot shaƌe the ĐlassiĐal ŵeĐhaŶisŵ of apoptosis oƌ ŶeĐƌosis. 
Apoptosis is oŶe foƌŵ of pƌogƌaŵŵed Đell death that is defiŶed ďǇ ŵoƌphologiĐal ĐhaŶges like 
ĐhƌoŵatiŶ ĐoŶdeŶsatioŶ, shƌiŶkage of the ĐǇtoplasŵ, ŶuĐleaƌ fƌagŵeŶtatioŶ aŶd foƌŵatioŶ of 
apoptotiĐ ďodies ;TesŶieƌe et al. ϮϬϬϴͿ. ApoptotiĐ ďodies aƌe ƌapidlǇ ƌeŵoǀed ďǇ phagoĐǇtiĐ Đells to 
aǀoid a loĐal iŵŵuŶe ƌeaĐtioŶ. NeĐƌosis is a fuƌtheƌ foƌŵ of pƌogƌaŵŵed Đell death ďut is ĐoŶsideƌed 
to ďe iŵŵuŶogeŶiĐ, as the sǁelliŶg of the ĐǇtoplasŵa leads to aŶ uŶĐoŶtƌolled ƌelease of daŵaged Đell 
oƌgaŶelles aŶd Đell deďƌis ;TesŶieƌe et al. ϮϬϬϴͿ. IŶ ĐoŶtƌast to these tǁo foƌŵs of Đell death, distiŶĐtiǀe 
featuƌes foƌ ICD aƌe ĐhaŶges iŶ the Đell suƌfaĐe ĐoŵpositioŶ as ǁell as the ƌelease of soluďle 
iŵŵuŶogeŶiĐ ŵediatoƌs ;Kƌoeŵeƌ et al. ϮϬϭϯͿ. AŶ eŶdoplasŵiĐ ƌetiĐuluŵ ;ERͿ stƌess ƌespoŶse aŶd the 
pƌoduĐtioŶ of ƌeaĐtiǀe oǆǇgeŶ speĐies ;ROSͿ aƌe ŶeĐessaƌǇ foƌ these Đellulaƌ pƌoĐesses ;AdkiŶs et al. 
ϮϬϭϰͿ. DǇiŶg Đells tƌaŶspoƌt ĐalƌetiĐuliŶ ;CRTͿ aŶd heat shoĐk pƌoteiŶ ϳϬ aŶd ϵϬ to theiƌ outeƌ Đell 
ŵeŵďƌaŶe to shoǁ iŵŵuŶogeŶiĐitǇ. IŶ additioŶ, theǇ ƌelease tuŵoƌ assoĐiated aŶtigeŶs ;TAAsͿ as ǁell 
as daŶgeƌ assoĐiated ŵoleĐulaƌ patteƌŶs ;DAMPsͿ like high-ŵoďilitǇ gƌoup ďoǆ ϭ ;HMGBϭͿ aŶd 
adeŶosiŶe tƌiphosphate ;ATPͿ. HMGBϭ, ATP aŶd CRT ďiŶd to toll-like ƌeĐeptoƌ ϰ ;TLRϰͿ, PϮX 
puƌiŶoƌeĐeptoƌ ϳ ;PϮRXϳͿ aŶd Đlusteƌ of diffeƌeŶtiatioŶ ;CDϵϭͿ, ƌespeĐtiǀelǇ, aŶd stiŵulate iŵŵatuƌe 
aŶtigeŶ pƌeseŶtiŶg Đells ;APCsͿ foƌ aŶtigeŶ uptake aŶd pƌeseŶtatioŶ. Moƌeoǀeƌ, ŵoleĐules like ATP aĐt 
as ͞fiŶd-ŵe͟ sigŶals aŶd iŶduĐe iŵŵuŶe Đell ƌeĐƌuitŵeŶt. The Đƌoss pƌeseŶtatioŶ of TAAs to T Đells 
leads to iŶteƌleukiŶ-ϭβ ;IL-ϭβͿ aŶd iŶteƌleukiŶ-ϭϳ ;IL-ϭϳͿ ƌelease, aŶ aĐtiǀatioŶ of ɶɷ T Đells aŶd ĐǇtotoǆiĐ 
CDϴ+ T lǇŵphoĐǇtes ;CTLsͿ aŶd aŶ iŶteƌfeƌoŶ ɶ ;IFNɶͿ ŵediated poteŶt iŵŵuŶe ƌespoŶse speĐifiĐallǇ 
agaiŶst tuŵoƌ Đells ;Kƌoeŵeƌ et al. ϮϬϭϯͿ. 
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Figuƌe ϭ.ϰ: The ĐoŶĐept of ǀiƌotheƌapǇ foƌ ĐaŶĐeƌ tƌeatŵeŶt. Afteƌ iŶfeĐtioŶ of tuŵoƌ Đells, the ǀiƌus 
ƌepliĐates ǁithiŶ the Đell. This iŶduĐes Đell lǇsis aŶd aŶ iŵŵuŶogeŶiĐ Đell death. WithiŶ this 
pƌoĐess, Ŷeǁ ǀiƌuses as ǁell as DAMPS aŶd TAAs aƌe ƌeleased aŶd ĐaŶ stiŵulate APCs. 
Matuƌe APCs aĐtiǀate iŵŵuŶe Đells aŶd ƌelease aĐtiǀatiŶg ĐǇtokiŶes. Stiŵulated iŵŵuŶe 
Đells foƌŵ aŶ aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse ŵediated ďǇ ĐǇtokiŶes. Figuƌe ŵodified fƌoŵ 
;Kƌoeŵeƌ et al. ϮϬϭϯͿ. 

 

 

1.4.2 Oǀeƌǀieǁ of ĐuƌƌeŶt ĐliŶiĐal tƌials usiŶg ǀiƌotheƌapǇ  

At the ŵoŵeŶt ŵoƌe thaŶ ϴϬ ĐliŶiĐal tƌials aƌe usiŶg oŶĐolǇtiĐ ǀiƌuses foƌ ĐaŶĐeƌ theƌapǇ ;ĐliŶiĐal 
tƌials ǀiƌotheƌapǇ, ϮϬϭϳͿ. The ďƌeakthƌough iŶ the aƌea of ǀiƌotheƌapǇ ǁas the appƌoǀal of T-VeĐ iŶ ϮϬϭϱ, 
the fiƌst oŶĐolǇtiĐ ǀiƌus to tƌeat ĐaŶĐeƌ. T-VeĐ is a geŶetiĐallǇ ŵodified aŶd gƌaŶuloĐǇte-ŵaĐƌophage 
ĐoloŶǇ-stiŵulatiŶg faĐtoƌ ;GM-CSFͿ aƌŵed heƌpes siŵpleǆ ǀiƌus ;HSVͿ foƌ the tƌeatŵeŶt of ŵelaŶoŵa. 
It is also tested iŶ seǀeƌal otheƌ tuŵoƌ eŶtities as a siŶgle theƌapǇ oƌ iŶ ĐoŵďiŶatioŶ ǁith ƌadiotheƌapǇ, 
ĐheŵotheƌapǇ oƌ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade ;Kohlhapp et al. ϮϬϭϱͿ. Taďle Ϯ giǀes aŶ oǀeƌǀieǁ oǀeƌ 
the latest aŶd ŵost ƌeleǀaŶt oŶĐolǇtiĐ ǀiƌuses iŶ ĐliŶiĐal tƌials. The listed ǀiƌuses aƌe iŶ diffeƌeŶt phases 
of ĐliŶiĐal tƌials aŶd theǇ aƌe tested as siŶgle theƌapǇ oƌ iŶ ĐoŵďiŶatoƌial appƌoaĐhes foƌ safetǇ aŶd 
effiĐaĐǇ, spƌeadiŶg aŶd iŵŵuŶe stiŵulatiŶg effeĐts iŶ ǀaƌious tuŵoƌ eŶtities ;ĐliŶiĐal tƌials ǀiƌotheƌapǇ, 
ϮϬϭϳͿ ;Guo et al. ϮϬϭϳͿ.  
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Taďle Ϯ: Most ƌeleǀaŶt ĐliŶiĐal tƌials usiŶg ǀiƌotheƌapǇ. Taďle ŵodified fƌoŵ ;Guo et al. ϮϬϭϳͿ 

Viƌus  CoŵďiŶatioŶ Tuŵoƌ eŶtitǇ 

Heƌpes 
siŵples 
ǀiƌus ϭ 

T-VeĐ ;GaŶgi uŶd Zageƌ 
ϮϬϭϳͿ 

 PaŶĐƌeatiĐ ĐaŶĐeƌ, ŵelaŶoŵa 

T-VeĐ ;RehŵaŶ et al. ϮϬϭϲͿ 
RadiotheƌapǇ + 
CisplatiŶ 

UŶtƌeated stage III/IV sƋuaŵous 
Đell ĐaƌĐiŶoŵa of head aŶd ŶeĐk 

T-VeĐ ;PuzaŶoǀ et al. ϮϬϭϲͿ Ipiliŵuŵaď MelaŶoŵa 

Reoǀiƌus 

ReolǇsiŶ ;GalaŶis et al. 
ϮϬϭϮͿ  

 

AdǀaŶĐed ŵelaŶoŵa, pƌostate 
ĐaŶĐeƌ, ŵaligŶaŶt glioŵa, 
ŵetastatiĐ ĐoloƌeĐtal ĐaŶĐeƌ, 
ŵultiple ŵǇeloŵa, ďƌeast ĐaŶĐeƌ 

ReolǇsiŶ ;NooŶaŶ et al. 
ϮϬϭϲͿ 

PaĐlitaǆel/ 
CaƌďoplatiŶ 

PaŶĐƌeatiĐ adeŶoĐaƌĐiŶoŵa, 
ŵetastatiĐ aŶd/oƌ ƌeĐuƌƌeŶt head 
aŶd ŶeĐk ĐaŶĐeƌ, luŶg ĐaŶĐeƌ 

AdeŶoǀiƌus 

OAMCGT ;FƌeǇtag et al. 
ϮϬϭϰͿ 

 Pƌostate ĐaŶĐeƌ 

CGϬϬϳϬ ;Fukuhaƌa et al. 
ϮϬϭϲͿ 

 
NoŶ-ŵusĐle iŶǀasiǀe ďladdeƌ 
ĐaŶĐeƌ afteƌ BCG failuƌe 

VaĐĐiŶia 
ǀiƌus 

JX-ϱϵϰ ;Guo et al. ϮϬϭϳ; 
Fukuhaƌa et al. ϮϬϭϲͿ 

 

AdǀaŶĐed hepatoĐellulaƌ 
ĐaƌĐiŶoŵa, ŵelaŶoŵa, luŶg ĐaŶĐeƌ, 
ƌeŶal Đell ĐaƌĐiŶoŵa, head aŶd 
ŶeĐk ĐaŶĐeƌ, ĐoloƌeĐtal ĐaŶĐeƌ 

 

 

1.4.3 OŶĐolǇtiĐ adeŶoǀiƌuses 

UsiŶg ǀiƌal ageŶts to tƌeat ĐaŶĐeƌ Ŷeeds ĐeƌtaiŶ ƌeƋuiƌeŵeŶts to aĐhieǀe a theƌapeutiĐ utilitǇ. These 
aƌe high staďilitǇ aŶd effiĐieŶt iŶfeĐtioŶ of host Đells, the possiďilitǇ to ŵaŶipulate ǀiƌal DNA, the 
ĐapaďilitǇ to aǀoid deteĐtioŶ aŶd ĐleaƌaŶĐe ďǇ the iŵŵuŶe sǇsteŵ aŶd, ŵost iŵpoƌtaŶt, a seleĐtiǀe 
ƌepliĐatioŶ aŶd pƌopagatioŶ oŶlǇ iŶ tuŵoƌ Đells. IŶ this ĐoŶteǆt, adeŶoǀiƌuses haǀe ŵaŶǇ suitaďle 
attƌiďutes that ƌeĐoŵŵeŶd theiƌ use ;Cuƌiel ϮϬϬϬͿ. TheǇ aƌe uďiƋuitous, haǀe a loǁ pathogeŶiĐitǇ, theǇ 
ĐaŶ ďe easilǇ ŵaŶipulated aŶd theiƌ geŶoŵe ĐaŶ ďe deleted aŶd giǀes spaĐe foƌ ƌelatiǀelǇ laƌge 
tƌaŶsgeŶes. AdditioŶallǇ, adeŶoǀiƌuses aƌe ǀeƌǇ staďle aŶd pƌoduĐtioŶ of high titeƌs is estaďlished 
;Voƌďuƌgeƌ uŶd HuŶt ϮϬϬϮͿ.  
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1.4.3.1 EŶgiŶeeƌiŶg oŶĐotƌopiĐ adeŶoǀiƌuses 

OŶe ŵajoƌ aspeĐt iŶ eŶgiŶeeƌiŶg oŶĐolǇtiĐ adeŶoǀiƌuses is the tuŵoƌ seleĐtiǀe ƌepliĐatioŶ, also 
Đalled oŶĐotƌopisŵ ;AďeŶ et al. ϮϬϬϬͿ. OŶĐotƌopiĐ pƌopeƌties ĐaŶ ďe aĐhieǀed ďǇ ďasiĐallǇ tǁo 
stƌategies: ƌepliĐatioŶ speĐifiĐitǇ ďased oŶ tuŵoƌ ďiologǇ oƌ ďased oŶ tƌaŶsĐƌiptioŶal ĐoŶtƌol ;Cuƌiel 
ϮϬϬϬͿ. SpeĐifiĐitǇ ďased oŶ ĐeƌtaiŶ tuŵoƌ ďiologiĐal ŵutatioŶs oƌ alteƌatioŶs uses the kŶoǁledge of 
iŶteƌaĐtioŶ ďetǁeeŶ ǀiƌal aŶd Đellulaƌ pƌoteiŶs, foƌ eǆaŵple iŶhiďitoƌǇ effeĐts of EϭBϱϱK oŶ pϱϯ. Based 
oŶ this, dlϭϱϮϬ ;ONYX-ϬϭϱͿ ǁhiĐh has tǁo deletioŶs iŶ the EϭBϱϱK geŶe ǁas deǀeloped. It is supposed 
to ƌepliĐate oŶlǇ iŶ pϱϯ Ŷegatiǀe tuŵoƌ Đells ;BisĐhoff et al. ϭϵϵϲͿ. Hoǁeǀeƌ, latest fiŶdiŶgs shoǁ that 
ƌepliĐatioŶ of this ǀiƌus is Ŷot depeŶdeŶt oŶ the pƌeseŶĐe of fuŶĐtioŶal pϱϯ ;RothŵaŶŶ et al. ϭϵϵϴͿ. 
AŶotheƌ eǆaŵple is the iŶteƌplaǇ ďetǁeeŶ Rď, EϭA aŶd EϮF. IŶ healthǇ tissue, Rď ďouŶd to EϮF ďloĐks 
ǀiƌal ƌepliĐatioŶ ǁhiĐh ĐaŶ ďe ƌestoƌed ǁheŶ EϭA ďiŶds to Rď. AdΔϮϰ is deleted iŶ the Rď ďiŶdiŶg ƌegioŶ 
iŶ EϭA, thus ǀiƌal ƌepliĐatioŶ oĐĐuƌs oŶlǇ iŶ ĐaŶĐeƌ Đells ǁith aďŶoƌŵal Rď leǀels ;FueǇo et al. ϮϬϬϯͿ. 

UsiŶg tƌaŶsĐƌiptioŶal ĐoŶtƌol to aĐhieǀe oŶĐotƌopisŵ ŵeaŶs that ǀiƌal pƌoŵoteƌs aƌe ƌeplaĐed ďǇ 
tissue-speĐifiĐ oƌ tuŵoƌ speĐifiĐ pƌoŵoteƌs ;AleŵaŶǇ et al. ϮϬϬϬͿ. Eǆaŵples aƌe the use of the huŵaŶ 
teloŵeƌase ƌeǀeƌse tƌaŶsĐƌiptase pƌoŵoteƌ ;hTERTͿ, the hǇpoǆia ƌespoŶsiǀe eleŵeŶt oƌ the EϮF 
pƌoŵoteƌ to ĐoŶtƌol EϭA geŶe tƌaŶsĐƌiptioŶ ;JouŶaidi et al. ϮϬϬϳͿ. 

 

 

1.4.3.2 The YB-ϭ depeŶdeŶt oŶĐolǇtiĐ adeŶoǀiƌus XViƌ-N-ϯϭ 

XViƌ-N-ϯϭ is a YB-ϭ depeŶdeŶt oŶĐolǇtiĐ adeŶoǀiƌus that ǁas deǀeloped iŶ ouƌ laď ;MaŶtǁill et al. 
ϮϬϭϯͿ. It is deleted iŶ the CRϯ ƌegioŶ of the EϭA ϭϯS geŶe aŶd has fuƌtheƌ deletioŶs iŶ the EϭBϭϵK geŶe 
aŶd the Eϯ ƌegioŶ. IŶ additioŶ, it has aŶ RGD ŵotif iŶ the fiďeƌ eŶĐodiŶg geŶe to iŵpƌoǀe iŶfeĐtioŶ of 
tuŵoƌ Đells that haǀe pooƌ CAR eǆpƌessioŶ ;Dŵitƌieǀ et al. ϭϵϵϴͿ. 

The ŵeĐhaŶisŵ of aĐtioŶ of XViƌ-N-ϯϭ is ďased upoŶ the ŵultifuŶĐtioŶal pƌoteiŶ YB-ϭ. It ďeloŶgs to 
the faŵilǇ of Đold-shoĐk pƌoteiŶs, all of ǁhiĐh ďiŶd ďoth DNA aŶd RNA ǀia a ĐoŶseƌǀed ŶuĐleiĐ-aĐid 
ďiŶdiŶg ŵotif ;Wolffe et al. ϭϵϵϮ; Lashaŵ et al. ϮϬϭϯͿ. YB-ϭ has diǀeƌse fuŶĐtioŶs, it is highlǇ eǆpƌessed 
iŶ eŵďƌǇoŶiĐ tissue aŶd ŵaligŶaŶt, ŶeoplastiĐ tissue ďut pooƌlǇ eǆpƌessed iŶ healthǇ adult tissue 
;Baƌgou et al. ϭϵϵϳ; Holŵ et al. ϮϬϬϮͿ. IŶ tuŵoƌ Đells, YB-ϭ suppoƌts a ǀaƌietǇ of the hallŵaƌks of ĐaŶĐeƌ 
;Lashaŵ et al. ϮϬϭϯ; HaŶahaŶ uŶd WeiŶďeƌg ϮϬϬϬͿ. YB-ϭ is iŶǀolǀed iŶ ŵaiŶtaiŶiŶg pƌolifeƌatiǀe 
sigŶaliŶg ďǇ iŶduĐiŶg the tƌaŶsĐƌiptioŶ of aĐtiǀatoƌ EϮFs ;EϮFϭ, EϮFϮ, EϮFϯͿ ǁhile iŶhiďitiŶg the 
tƌaŶsĐƌiptioŶ of ƌepƌessoƌ EϮFs ;EϮFϱ, EϮFϳͿ. Fuƌtheƌŵoƌe, it is thought to eŶaďle ƌepliĐatiǀe 
iŵŵoƌtalitǇ ďǇ ŵost possiďlǇ ŵediatiŶg hǇpeƌphosphoƌǇlatioŶ of Rď aŶd ĐoŶseƋueŶtlǇ a ƌelease of 
EϮFϭ. It ĐaŶ diƌeĐtlǇ ďiŶd to pϱϯ aŶd theƌeďǇ ƌesistiŶg pϱϯ ŵediated Đell death aŶd gƌoǁth suppƌessioŶ. 
YB-ϭ deƌegulates Đellulaƌ eŶeƌgetiĐs aŶd ĐaŶ iŶduĐe aŶgiogeŶesis ďǇ aĐtiǀatiŶg tƌaŶsĐƌiptioŶ of pƌo-
aŶgiogeŶiĐ geŶes uŶdeƌ ƌeduĐed oǆǇgeŶ ĐoŶditioŶs aŶd it stiŵulates iŶǀasioŶ aŶd ŵetastasis ďǇ 
tƌaŶsĐƌiptioŶ of geŶes ŶeĐessaƌǇ foƌ epithelial-ŵeseŶĐhǇŵal tƌaŶsitioŶ ;Lashaŵ et al. ϮϬϭϯͿ. 

IŶ the ĐoŶteǆt of adeŶoǀiƌuses, the eǆpƌessioŶ aŶd ŶuĐleaƌ loĐalizatioŶ of YB-ϭ is iŶdispeŶsaďle, 
siŶĐe the EϮlate pƌoŵoteƌ has thƌee YB-ϭ ďiŶdiŶg ŵotifs aŶd its aĐtiǀatioŶ is YB-ϭ depeŶdeŶt ;Holŵ et 
al. ϮϬϬϮͿ. IŵŵediatelǇ afteƌ iŶfeĐtioŶ, ǁildtǇpe adeŶoǀiƌuses ;WtAdͿ aĐtiǀate EϭA tƌaŶsĐƌiptioŶ aŶd 
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eǆpressioŶ aŶd thereďǇ eŶaďle traŶsĐriptioŶ of EϭBϱϱK aŶd Eϰorfϲ. Both EϭBϱϱK aŶd Eϰorfϲ are 
ŶeĐessarǇ to traŶsloĐate YB-ϭ iŶto the ŶuĐleus of healthǇ Đells so that it ĐaŶ ďiŶd to the EϮlate proŵoter 
aŶd iŶduĐe EϮ geŶe traŶsĐriptioŶ ;Holŵ et al. ϮϬϬϮͿ. IŶ ĐaŶĐer Đells, YB-ϭ is alreadǇ iŶ the ŶuĐleus aŶd 
aŶ EϭA ŵediated ŶuĐlear traŶsloĐatioŶ of YB-ϭ is Ŷot Ŷeeded for suĐĐessful ǀiral repliĐatioŶ ;Bargou et 
al. ϭϵϵϳ; Holŵ et al. ϮϬϬϮ; Holŵ et al. ϮϬϬϰͿ. For this reasoŶ, XVir-N-ϯϭ ĐaŶ seleĐtiǀelǇ repliĐate iŶ 
ŶuĐlear YB-ϭ positiǀe ĐaŶĐer Đells ďut ĐaŶŶot repliĐate iŶ Ŷorŵal Đells. This is the ŵaiŶ priŶĐiple of the 
tuŵor seleĐtiǀitǇ of XVir-N-ϯϭ ;Holŵ et al. ϮϬϬϰ; RogŶoŶi et al. ϮϬϬϵ; MaŶtǁill et al. ϮϬϭϯͿ. 

 

 

 

Figure 1.5: A siŵplified oǀerǀieǁ of the geŶoŵe of XVir-N-31. The oŶĐolǇtiĐ adeŶoǀirus XVir-N-ϯϭ 
ĐoŶtaiŶs partial deletioŶs iŶ EϭA aŶd EϭBϭϵK. It is deleted iŶ Eϯ aŶd has aŶ additioŶal RGD 
ŵotif iŶ the fiďer eŶĐodiŶg regioŶ. XVir-N-ϯϭ repliĐates seleĐtiǀelǇ iŶ ŶuĐlear YB-ϭ positiǀe 
ĐaŶĐer Đells ;MaŶtǁill et al. ϮϬϭϯ; RogŶoŶi et al. ϮϬϬϵ;Ϳ. 

 

 

 Virotherapy for the treatŵeŶt of ďladder ĐaŶĐer 

Bladder ĐaŶĐer is for seǀeral reasoŶs a praĐtiĐal tuŵor eŶtitǇ for ǀirotherapǇ. The appliĐatioŶ of the 
ǀirus ǀia the urethra, Đalled iŶtraǀesiĐal iŶstillatioŶ, is easǇ aŶd alloǁs direĐt eǆposure of the tuŵor to 
high ǀirus titers ;SheŶ et al. ϮϬϬϴͿ. The effortless aĐĐess to the ďladder is ĐoŶǀeŶieŶt for repeated 
eǀaluatioŶ of treatŵeŶt effeĐts aŶd tissue saŵpliŶg. AdditioŶallǇ, the ďladder is aŶ isolated orgaŶ that 
is proteĐted ďǇ ŵultiple laǇers of ǀarious tissues ǁhiĐh reduĐes sǇsteŵiĐ spreadiŶg to a ŵiŶiŵuŵ 
;TaguĐhi et al. ϮϬϭϳͿ. Bladder ĐaŶĐer is a highlǇ iŵŵuŶogeŶiĐ tuŵor aŶd the suĐĐess of BaĐillus 
Calŵette-GuériŶ ;BCGͿ therapǇ has alreadǇ proofed suitaďilitǇ for iŵŵuŶotherapǇ ;Burke ϮϬϭϬ; Potts 
et al. ϮϬϭϮͿ. So far, four ĐliŶiĐal trials usiŶg tǁo differeŶt ǀiruses haǀe ďeeŶ Đarried out iŶ ďladder ĐaŶĐer 
patieŶts. 

CGϬϬϳϬ is a GM-CSF arŵed oŶĐolǇtiĐ adeŶoǀirus iŶ ǁhiĐh the huŵaŶ EϮFϭ proŵoter driǀes ǀiral 
EϭA geŶe eǆpressioŶ ;Raŵesh et al. ϮϬϬϲͿ. The ŵeĐhaŶisŵ of CGϬϬϳϬ is ďased oŶ Rď ǁhiĐh is 
ĐoŵŵoŶlǇ ŵutated iŶ ďladder ĐaŶĐers, aŶd its regulatorǇ fuŶĐtioŶ oŶ EϮFϭ ;BaŶdara uŶd La ThaŶgue 
ϭϵϵϭͿ. A phase I trial iŶ patieŶts ǁith ŶoŶ-ŵusĐle-iŶǀasiǀe ďladder ĐaŶĐer, ǁho failed BCG therapǇ, 
shoǁed aŶ oǀerall respoŶse rate of ϰϴ.ϲ % aŶd ϲϯ.ϲ % iŶ the siŶgle aŶd ŵultidose Đohort, respeĐtiǀelǇ. 
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Doses up to ϯǆϭϬϭϯ ǀiƌal paƌtiĐles ǁeƌe applied eǀeƌǇ Ϯϴ daǇs ǁith thƌee ƌepetitioŶs oƌ ǁeeklǇ foƌ siǆ 
ƌepetitioŶs. Based oŶ these ƌesults, a phase II/III ƌaŶdoŵized ĐoŶtƌolled tƌial is ĐuƌƌeŶtlǇ peƌfoƌŵed iŶ 
patieŶts ǁith ŶoŶ-ŵusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ ǁho failed BCG theƌapǇ to Đoŵpaƌe CGϬϬϳϬ 
tƌeatŵeŶt ǁith ŵitoŵǇĐiŶ C, IFN, ǀalƌuďiĐiŶ oƌ geŵĐitaďiŶe ;ǁǁǁ.ĐliŶiĐaltƌials.goǀ, NCTϬϭϰϯϴϭϭϮͿ 
;TaguĐhi et al. ϮϬϭϳͿ. IŶ aŶotheƌ phase II tƌial, patieŶts ǁith ŶoŶ-ŵusĐle-iŶǀasiǀe ďladdeƌ ĐaŶĐeƌ ǁho 
failed BCG theƌapǇ oƌ ƌefused ĐǇsteĐtoŵǇ, aƌe tƌeated ǁith CGϬϬϳϬ at a dose of ϭϬϭϮ ǀiƌal paƌtiĐles 
ǁeeklǇ foƌ ϲ ǁeeks ǁhiĐh ǁill ĐoŶtiŶue foƌ ϭϴ ŵoŶths if theǇ aĐhieǀe a paƌtial oƌ Đoŵplete ƌespoŶse 
afteƌ ϲ ŵoŶths ;ǁǁǁ.ĐliŶiĐaltƌials.goǀ, NCTϬϮϯϲϱϴϭϴͿ ;TaguĐhi et al. ϮϬϭϳͿ. 

WildtǇpe ǀaĐĐiŶia ǀiƌus ǁas tested iŶ a phase I studǇ iŶ fouƌ patieŶts ǁith ŵusĐle-iŶǀasiǀe ďladdeƌ 
ĐaŶĐeƌ. PatieŶts ƌeĐeiǀed thƌee tiŵes oǀeƌ tǁo ǁeeks a ŵaǆiŵuŵ dose of ϭϬϴ paƌtiĐle foƌŵiŶg uŶits 
;PFUͿ pƌioƌ to ĐǇsteĐtoŵǇ ;Potts et al. ϮϬϭϮͿ. No seƌious tƌeatŵeŶt-ƌelated adǀeƌse eǀeŶts ǁeƌe 
ƌepoƌted ǁhiĐh shoǁs the poteŶtial use of ǀaĐĐiŶia ǁildtǇpe ǀiƌus foƌ ǀiƌotheƌapǇ ;TaguĐhi et al. ϮϬϭϳͿ. 

 

 

1.5  IŵŵuŶologiĐal aspeĐts of adeŶoǀiƌus-host iŶteƌaĐtioŶ 

1.5.1 IŵŵuŶologiĐal ďaƌƌieƌs to oŶĐolǇtiĐ ǀiƌotheƌapǇ 

IŵŵuŶologiĐal defeŶse ŵeĐhaŶisŵs of the host agaiŶst adeŶoǀiƌuses, like aĐtiǀatioŶ of aŶ iŶŶate 
aŶd adaptiǀe iŵŵuŶe ƌespoŶse as ǁell as pƌe-eǆistiŶg iŵŵuŶitǇ, aƌe ŵajoƌ ďaƌƌieƌs that liŵit the 
effeĐtiǀeŶess of adeŶoǀiƌus ďased ǀiƌotheƌapǇ ;Faustheƌ-BoǀeŶdo uŶd KoďiŶgeƌ ϮϬϭϰͿ. The iŶŶate 
iŵŵuŶe ƌespoŶse is aŶ iŵŵediate aŶsǁeƌ to adeŶoǀiƌal iŶfeĐtioŶ ŵediated ďǇ ŵaĐƌophages, deŶdƌitiĐ 
Đells ;DCͿ, Ŷeutƌophils, Ŷatuƌal killeƌ Đells ;NKͿ aŶd pƌoteiŶs like ĐheŵokiŶes aŶd ĐǇtokiŶes ;Liu uŶd 
Muƌuǀe ϮϬϬϯͿ. Afteƌ Đell eŶtƌǇ of the ǀiƌus ǀia CAR oƌ iŶtegƌiŶ ďiŶdiŶg, ŶuĐleaƌ faĐtoƌ kappa-light-ĐhaiŶ-
eŶhaŶĐeƌ of aĐtiǀated B Đells ;NFκBͿ gets aĐtiǀated ǀia PIϯK ŵediated pathǁaǇs aŶd geŶe tƌaŶsĐƌiptioŶ 
of ĐheŵokiŶes aŶd ĐǇtokiŶes suĐh as iŶteƌleukiŶ-ϭ ;IL-ϭͿ, IL-ϭϴ, IL-ϴ, ƌegulated oŶ aĐtiǀatioŶ, Ŷoƌŵal T 
Đell eǆpƌessed aŶd seĐƌeted ;RANTESͿ aŶd tuŵoƌ ŶeĐƌosis faĐtoƌ-α ;TNF-αͿ staƌts. AŵoŶg these pƌo-
iŶflaŵŵatoƌǇ faĐtoƌs, IL-ϭ aŶd tǇpe I IFNs plaǇ a pƌedoŵiŶaŶt ƌole as theǇ iŶduĐe positiǀe feed-ďaĐk 
loops ǁhiĐh pƌoduĐe additioŶal iŶflaŵŵatoƌǇ stiŵulatoƌs ;Faustheƌ-BoǀeŶdo uŶd KoďiŶgeƌ ϮϬϭϰͿ. 
OŶĐe the ǀiƌus is iŶteƌŶalized, ǀiƌal DNA loĐated eitheƌ iŶ the ĐǇtoplasŵ oƌ iŶ eŶdosoŵes, aĐts as stƌoŶg 
iŵŵuŶologiĐal aĐtiǀatoƌ. WithiŶ the eŶdosoŵe, toll-like ƌeĐeptoƌ ϵ ;TLRϵͿ deteĐts ǀiƌal DNA aŶd 
aĐtiǀates tƌaŶsĐƌiptioŶ of pƌo-iŶflaŵŵatoƌǇ ŵediatoƌs ǀia ŵǇeloid diffeƌeŶtiatioŶ pƌiŵaƌǇ ƌespoŶse ϴϴ 
;MǇDϴϴͿ ;ThaĐi et al. ϮϬϭϭͿ. DNA ďiŶdiŶg ŵoleĐules like stiŵulatoƌ of iŶteƌfeƌoŶ geŶes ;STINGͿ, ƌetiŶoiĐ 
aĐid iŶduĐiďle geŶe-I ;RIG-ϭͿ, ŶuĐleotide oligoŵeƌizatioŶ doŵaiŶ ;NODͿ-like ƌeĐeptoƌ ;NLRͿ oƌ DNA-
depeŶdeŶt aĐtiǀatoƌ of IFN-ƌegulatoƌǇ faĐtoƌs ;DAIͿ deteĐt aŶd ďiŶd ĐǇtoplasŵiĐ ǀiƌal DNA aŶd RNA 
;Kaǁai aŶd Akiƌa, ϮϬϬϵͿ. These seŶsoƌs iŶduĐe iŶteƌfeƌoŶ ƌegulatoƌǇ faĐtoƌ ϯ/ϳ ;IRFϯ/ϳͿ tƌaŶsloĐatioŶ 
iŶto the ŶuĐleus aŶd tƌaŶsĐƌiptioŶal aĐtiǀatioŶ of poǁeƌful aŶtiǀiƌal ĐheŵokiŶes suĐh as tǇpe I IFNs aŶd 
iŶteƌleukiŶ-ϭ ;Baƌďeƌ ϮϬϭϭͿ. The ƌelease of these iŵŵuŶologiĐal faĐtoƌs seƌǀes as a ĐheŵoattƌaĐtaŶt to 
otheƌ iŵŵuŶe Đells ǁhiĐh ǁill ŵigƌate to the site of iŶfeĐtioŶ aŶd fight the ǀiƌus. 

http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/
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IŶ ĐoŶtƌast to the ƌapid aŶd diƌeĐt iŶŶate iŵŵuŶe ƌespoŶse, the adaptiǀe iŵŵuŶe ƌespoŶse Ŷeeds 
aďout oŶe ǁeek to ďeĐoŵe effeĐtiǀe ;Zaiss et al. ϮϬϬϵͿ. MaĐƌophages aŶd deŶdƌitiĐ Đells ǁhiĐh haǀe 
iŶteƌŶalized the ǀiƌus, aĐt as aŶtigeŶ pƌeseŶtiŶg Đells aŶd ŵigƌate to lǇŵph Ŷodes ǁheƌe theǇ pƌeseŶt 
ǀiƌal aŶtigeŶs to B Đells aŶd stiŵulate aŶtiďodǇ pƌoduĐtioŶ. IŶ Đase of a pƌe-eǆistiŶg iŵŵuŶitǇ, ƌe-
ĐhalleŶgiŶg ǁith the saŵe adeŶoǀiƌal ǀeĐtoƌ ǁill iŶduĐe a ŶeutƌalizatioŶ aŶd eliŵiŶatioŶ thƌough 
speĐifiĐ aŶtiďodies aŶd ŵeŵoƌǇ B Đells ;Zaiss et al. ϮϬϬϵͿ. 

 

 

1.5.2 IŵŵuŶe eǀasioŶ stƌategies of adeŶoǀiƌuses 

AdeŶoǀiƌuses ƌelǇ oŶ a healthǇ aŶd fuŶĐtioŶal host Đell. BeĐause ǀiƌal iŶfeĐtioŶ of Đells iŶduĐes a 
stƌoŶg iŵŵuŶe ƌeaĐtioŶ that ǁould lead to eliŵiŶatioŶ of the iŶfeĐted Đell, adeŶoǀiƌuses daŵpeŶ host 
iŵŵuŶe ƌespoŶse to pƌeǀeŶt theiƌ oǁŶ eliŵiŶatioŶ aŶd the daŵagiŶg ĐoŶseƋueŶĐes foƌ the host Đell. 
AdeŶoǀiƌuses eǆpƌess seǀeƌal pƌoteiŶs that ĐaŶ ŵediate iŵŵuŶe eǀasioŶ at diffeƌeŶt leǀels.  

OŶe of the fiƌst ƌeaĐtioŶs of host Đells to ǀiƌal iŶfeĐtioŶ is tǇpe I IFN eǆpƌessioŶ ;IFNα, IFNβͿ ;LeoŶaƌd 
uŶd SeŶ ϭϵϵϳͿ. BiŶdiŶg of IFNs to theiƌ ƌeĐeptoƌs Đauses aĐtiǀatioŶ of the JaŶus kiŶase/sigŶal tƌaŶsduĐeƌ 
aŶd aĐtiǀatoƌ of tƌaŶsĐƌiptioŶ ;JAK/STATͿ pathǁaǇ ǁhiĐh leads to tƌaŶsĐƌiptioŶ of aŶtiǀiƌal geŶes. The 
adeŶoǀiƌal EϭA pƌoteiŶ ĐaŶ ďloĐk the fuŶĐtioŶs of tǇpe I IFNs ǀia ďloĐkiŶg doǁŶstƌeaŵ sigŶaliŶg of IFNs 
ďǇ iŶteƌfeƌiŶg iŶ the JAK/STAT pathǁaǇ aŶd also ďǇ tƌaŶsĐƌiptioŶal iŶhiďitioŶ of IFNα aŶd IFNβ eŶĐodiŶg 
geŶes ;Mahƌ uŶd GoodiŶg ϭϵϵϵͿ.  

TNF sigŶaliŶg is aŶotheƌ pathǁaǇ that is addƌessed ďǇ adeŶoǀiƌuses foƌ iŵŵuŶe eǀasioŶ. TNFs aƌe 
pƌo-iŶflaŵŵatoƌǇ ĐǇtokiŶes that aƌe seĐƌeted ďǇ ŵaĐƌophages aŶd T Đells, theǇ ďiŶd to theiƌ ǁidelǇ 
eǆpƌessed ƌeĐeptoƌs TNFRϭ aŶd TNFRϮ aŶd iŶduĐe Đell death ;Wohlleďeƌ et al. ϮϬϭϮͿ. EϭBϭϵK, Eϯ ϭϰ.ϳk 
aŶd EϯRIDα/β ĐaŶ ďloĐk TNF ŵediated ĐǇtolǇsis ;Wold ϭϵϵϯ; Mahƌ uŶd GoodiŶg ϭϵϵϵͿ. EϯRIDα/β also 
doǁŶƌegulates Đell suƌfaĐe ƌeĐeptoƌs of the TNF faŵilǇ, e.g. Fas, tuŵoƌ ŶeĐƌosis faĐtoƌ ƌelated apoptosis 
iŶduĐiŶg ligaŶd ;TRAILͿ ƌeĐeptoƌ ϭ aŶd Ϯ aŶd iŶhiďits theƌeďǇ Fas aŶd TRAIL ŵediated apoptosis 
;LiĐhteŶsteiŶ et al. ϮϬϬϮͿ.  

A thiƌd pathǁaǇ that is taƌgeted ďǇ adeŶoǀiƌuses to ĐiƌĐuŵǀeŶt aŶ aŶti-ǀiƌal iŵŵuŶe ƌeaĐtioŶ is the 
pƌeseŶtatioŶ of aŶtigeŶs oŶ MHC ŵoleĐules to aĐtiǀate CDϴ+ Đells. The loadiŶg of ǀiƌal peptides oŶto 
the MHCI ŵoleĐule oĐĐuƌs ǁithiŶ the ER ;RessiŶg et al. ϮϬϭϯ; Mahƌ uŶd GoodiŶg ϭϵϵϵͿ. Theƌe, the TAP 
pƌoteiŶ tƌaŶspoƌts the ǀiƌal peptide iŶto the ER luŵeŶ ǁheƌe it ĐaŶ ďiŶd to MHCI. This TAP ŵediated 
tƌaŶspoƌt is iŶhiďited ďǇ the adeŶoǀiƌal pƌoteiŶ EϯgpϭϵK, ǁheƌeďǇ loadiŶg of MHCI aŶd Đell suƌfaĐe 
pƌeseŶtatioŶ of aŶtigeŶs to aĐtiǀate CDϴ+ ĐǇtotoǆiĐ T Đells is pƌeǀeŶted ;RessiŶg et al. ϮϬϭϯ; PuƌĐell uŶd 
Elliott ϮϬϬϴͿ.  
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1.6  IŵŵuŶotheƌapǇ 

IŵŵuŶotheƌapǇ is ďesides suƌgeƌǇ, ƌadiatioŶ, ĐheŵotheƌapǇ aŶd taƌget theƌapǇ oŶe of the fiǀe 
pillaƌs of ĐaŶĐeƌ theƌapǇ. The stƌategǇ of iŵŵuŶe eǀasioŶ aŶd iŵŵuŶe editiŶg aƌe ǁell kŶoǁŶ ďut the 
kŶoǁledge of the uŶdeƌlǇiŶg ŵeĐhaŶisŵ has oŶlǇ just ďeeŶ gƌoǁŶ iŶ the last Ǉeaƌs. IŵŵuŶotheƌapǇ 
uses diffeƌeŶt appƌoaĐhes to stiŵulate the iŵŵuŶe sǇsteŵ speĐifiĐallǇ agaiŶst the ĐaŶĐeƌ ǁith the 
ulteƌioƌ ŵotif of a loŶg-lastiŶg tuŵoƌ speĐifiĐ ŵeŵoƌǇ. 

 

 

1.6.1  DiffeƌeŶt iŵŵuŶotheƌapeutiĐ appƌoaĐhes foƌ ĐaŶĐeƌ 

IŵŵuŶotheƌapeutiĐ appƌoaĐhes Đoŵpƌise theƌapeutiĐ ĐaŶĐeƌ ǀaĐĐiŶes, iŵŵuŶe Đell theƌapǇ, 
iŵŵuŶe sǇsteŵ ŵodulatoƌs aŶd ICB ;FaƌkoŶa et al. ϮϬϭϲͿ. 

TheƌapeutiĐ ĐaŶĐeƌ ǀaĐĐiŶes stiŵulate aŶd augŵeŶt adaptiǀe iŵŵuŶe ƌeaĐtioŶs. TheƌeďǇ, thƌee 
ŵethods eǆist: a ǁhole Đell ǀaĐĐiŶe uses a ǀaƌietǇ of tuŵoƌ-assoĐiated aŶtigeŶs aŶd leads to a ďƌoadeƌ 
iŵŵuŶe ƌespoŶse. VaĐĐiŶatioŶ ǁith pƌoteiŶ aŶtigeŶs uses iŶtaĐt peptides deƌiǀed fƌoŵ tuŵoƌ 
assoĐiated aŶtigeŶs that ĐaŶ diƌeĐtlǇ ďiŶd to MHCI ŵoleĐules. A thiƌd ŵethod is the ǀaĐĐiŶatioŶ ǁith 
ex vivo aŶtigeŶ-pulsed patieŶt deƌiǀed DCs ;Makkouk uŶd WeiŶeƌ ϮϬϭϱͿ. The idea of the ǀaĐĐiŶatioŶ 
appƌoaĐh is to iŶĐƌease the pƌeseŶtatioŶ of tuŵoƌ speĐifiĐ aŶtigeŶs ;TSAsͿ oƌ TAAs oŶ aŶtigeŶ 
pƌeseŶtiŶg Đells to B aŶd T Đells iŶ oƌdeƌ to iŵpƌoǀe aŶ aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse ;VelĐheti uŶd 
SĐhalpeƌ ϮϬϭϲͿ. 

IŵŵuŶe Đell theƌapǇ iŶĐludes adoptiǀe T Đell theƌapǇ, NK Đell theƌapǇ aŶd the ĐhiŵeƌiĐ aŶtigeŶ 
ƌeĐeptoƌ ;CARͿ ŵethod. The ƌatioŶale ďehiŶd iŵŵuŶe Đell theƌapǇ is to eŶƌiĐh aŶd iŵpƌoǀe T Đells oƌ 
NK Đells that aƌe aďle to ƌeĐogŶize the tuŵoƌ ;VelĐheti uŶd SĐhalpeƌ ϮϬϭϲͿ. The adoptiǀe NK Đell theƌapǇ 
ǁas iŶitiallǇ tested iŶ leukeŵia patieŶts. ReĐeŶt studies foĐus oŶ the iŵpƌoǀeŵeŶt of NK Đell aĐtiǀitǇ 
aŶd speĐifiĐitǇ. Adoptiǀe T Đell theƌapǇ is the ex vivo ĐultuƌiŶg aŶd eǆpaŶsioŶ of patieŶt deƌiǀed 
lǇŵphoĐǇtes uŶdeƌ ĐeƌtaiŶ gƌoǁth faĐtoƌs. AŶ adǀaŶĐeŵeŶt is the CAR ŵethod. CARs aƌe desigŶed T 
Đell ƌeĐeptoƌs that ĐoŶsist of aŶ aŶtigeŶ ďiŶdiŶg T Đell ƌeĐeptoƌ ;TCRͿ eǆodoŵaiŶ aŶd the ĐǇtoplasŵatiĐ 
TCR ζ ĐhaiŶ. This ƌeĐeptoƌ ƌeĐogŶizes uŶpƌoĐessed aŶtigeŶs as ǁell as glǇĐopƌoteiŶs, ĐaƌďohǇdƌates aŶd 
gaŶgliosides. Afteƌ tƌaŶsfeĐtioŶ of T Đells ǁith the CAR eŶĐodiŶg plasŵid, the CAR eǆpƌessiŶg T Đells aƌe 
ƌeiŶjeĐted iŶto the patieŶt ;Dotti et al. ϮϬϭϰͿ. So faƌ, ĐliŶiĐal tƌials ǁeƌe ŵostlǇ disappoiŶtiŶg ďeĐause 
of the liŵited ŵigƌatioŶ of ƌeiŶjeĐted T Đells to the tuŵoƌ site aŶd the highlǇ iŵŵuŶosuppƌessiǀe ŵilieu 
ǁithiŶ the tuŵoƌ ;VelĐheti uŶd SĐhalpeƌ ϮϬϭϲͿ. 

IŵŵuŶe ŵodulatoƌs like ĐheŵokiŶes aŶd ĐǇtokiŶes aƌe ǁell kŶoǁŶ iŶ theiƌ iŵŵuŶe stiŵulatiŶg 
fuŶĐtioŶs. Theƌefoƌe, theǇ fiŶd appliĐatioŶ iŶ ǀaƌious iŵŵuŶotheƌapeutiĐ appƌoaĐhes aŶd also iŶ 
ĐoŵďiŶatioŶ theƌapies. Foƌ eǆaŵple, ŵeŵďeƌs of the IL-Ϯ faŵilǇ, like IL-ϳ, IL-ϭϱ oƌ IL-Ϯϭ aƌe iŶjeĐted 
iŶto ĐaŶĐeƌ patieŶts to aĐtiǀate theiƌ iŵŵuŶe sǇsteŵ ;Siŵ uŶd RadǀaŶǇi ϮϬϭϰͿ. TǇpe I IFNs aƌe also 
used iŶ iŵŵuŶotheƌapǇ as theǇ aĐtiǀate NK Đells, ŵaĐƌophages, ĐǇtotoǆiĐ T Đells aŶd ŵediate pƌo-
iŶflaŵŵatoƌǇ ĐǇtokiŶe pƌoduĐtioŶ ;Lee uŶd MaƌgoliŶ ϮϬϭϭͿ. 
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1.6.2 IŵŵuŶe ĐheĐkpoiŶts as Ŷeǁ theƌapeutiĐ taƌgets foƌ ĐaŶĐeƌ theƌapǇ 

The iŶitial iŵŵuŶe aĐtiǀatioŶ is a ŵultistep pƌoĐess. Afteƌ aŶtigeŶ pƌoĐessiŶg ďǇ APCs oƌ deŶdƌitiĐ 
Đells, the aŶtigeŶ is pƌeseŶted oŶ a MHC Đlass II ƌeĐeptoƌ to the T Đell ƌeĐeptoƌ. To aĐhieǀe full T Đell 
aĐtiǀatioŶ, a seĐoŶd Đo-stiŵulatoƌǇ sigŶal ǀia CDϮϴ oŶ the T Đell aŶd CDϴϬ/ϴϲ oŶ the APC is ŶeĐessaƌǇ. 
OŶlǇ iŶ the pƌeseŶĐe of ďoth sigŶals, a full iŵŵuŶe ƌespoŶse agaiŶst the pƌeseŶted aŶtigeŶ iŶĐludiŶg 
ĐǇtokiŶe ƌelease, aŶtiďodǇ pƌoduĐtioŶ aŶd ƌeĐƌuitŵeŶt of otheƌ iŵŵuŶe Đells ĐaŶ ďe geŶeƌated. IŶ 
additioŶ, iŶhiďitoƌǇ sigŶals eŶsuƌe iŵŵuŶe hoŵeostasis aŶd ŵodulate the duƌatioŶ aŶd aŵplitude of 
iŵŵuŶe ƌeaĐtioŶs. These Ŷegatiǀe stiŵuli aƌe kŶoǁŶ as iŶhiďitoƌǇ iŵŵuŶe ĐheĐkpoiŶts, pƌoŵiŶeŶt 
eǆaŵples aƌe ĐǇtotoǆiĐ T-lǇŵphoĐǇte assoĐiated pƌoteiŶ ϰ ;CTLA-ϰͿ, PD-ϭ, T-Đell iŵŵuŶogloďiŶ aŶd 
ŵuĐiŶ-doŵaiŶ ĐoŶtaiŶiŶg-ϯ ;TIM-ϯͿ aŶd lǇŵphoĐǇte aĐtiǀatioŶ geŶe-ϯ ;LAG-ϯͿ ;figuƌe ϭ.ϲͿ ;Cogdill et 
al. ϮϬϭϳͿ. IŶ a phǇsiologiĐal situatioŶ, iŵŵuŶe ĐheĐkpoiŶts aƌe ŶeĐessaƌǇ to pƌeǀeŶt autoiŵŵuŶitǇ aŶd 
oǀeƌǁhelŵiŶg iŵŵuŶe ƌeaĐtioŶs. 

 

Figuƌe ϭ.ϲ: IŶhiďitoƌǇ iŵŵuŶe ĐheĐkpoiŶt ŵoleĐules. IŵŵuŶe ĐheĐkpoiŶt ŵoleĐules aƌe ƌegulatoƌs of 
the iŵŵuŶe sǇsteŵ. TheǇ pƌeǀeŶt oǀeƌǁhelŵiŶg iŵŵuŶe ƌeaĐtioŶs aŶd ĐoŶtƌol theiƌ 
duƌatioŶ ďǇ ŵediatiŶg iŵŵuŶosuppƌessiǀe pathǁaǇs. CaŶĐeƌ Đells aďuse these ĐheĐkpoiŶts 
to esĐape fƌoŵ iŵŵuŶe ƌeaĐtioŶs agaiŶst the tuŵoƌ. ;CDϴϬ/ϴϲ: Đlusteƌ of diffeƌeŶtiatioŶ, 
GALϵ: galeĐtiŶ ϵ, MHC: ŵajoƌ histoĐoŵpatiďilitǇ ĐoŵpleǆͿ 

 

 

Hoǁeǀeƌ, the tuŵoƌ Đo-opts iŵŵuŶe ĐheĐkpoiŶts to take adǀaŶtage of its iŶhiďitoƌǇ fuŶĐtioŶs. 
CaŶĐeƌ Đells as ǁell as tuŵoƌ iŶfiltƌated iŵŵuŶe Đells oǀeƌeǆpƌess iŵŵuŶe ĐheĐkpoiŶt ŵoleĐules to 
eǀade iŵŵuŶe ƌeĐogŶitioŶ ;Paƌdoll ϮϬϭϮͿ. The seŵiŶal oďseƌǀatioŶ, that the ďloĐkade of iŵŵuŶe 
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ĐheĐkpoiŶt ŵoleĐules like CTLA-ϰ is aďle to ŵediate tuŵoƌ ƌegƌessioŶ ǁas the ďiƌth of the eƌa of ICB 
foƌ ĐaŶĐeƌ theƌapǇ ;LeaĐh et al. ϭϵϵϲͿ. SuďseƋueŶtlǇ, ǀaƌious aŶtiďodies taƌgetiŶg diffeƌeŶt iŵŵuŶe 
ĐheĐkpoiŶt ƌeĐeptoƌs aŶd ligaŶds ǁeƌe deǀeloped aŶd shoǁed pƌoŵisiŶg effeĐts iŶ diffeƌeŶt tuŵoƌ 
eŶtities. Most pƌoŵiŶeŶt eǆaŵples foƌ appƌoǀed iŵŵuŶe ĐheĐkpoiŶt iŶhiďitoƌs aŶd theiƌ appliĐatioŶ 
aƌe listed iŶ taďle ϯ. 
 

 

Taďle ϯ: Oǀeƌǀieǁ of appƌoǀed aŶtiďodies foƌ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade. 

Taƌget 

 

Dƌug Ŷaŵe Tuŵoƌ eŶtitǇ 

CTLA-ϰ Ipiliŵuŵaď MelaŶoŵa 

PD-ϭ 

Niǀoluŵaď 
NSCLC, LoĐallǇ adǀaŶĐed oƌ ŵetastatiĐ 
uƌothelial ĐaƌĐiŶoŵa 

Peŵďƌolizuŵaď 
MelaŶoŵa, NSCLC ;iŶ ĐoŵďiŶatioŶ ǁith 
ĐaƌďoplatiŶ aŶd peŵetƌeǆedͿ 

PD-Lϭ 

Atezolizuŵaď 
NSCLC, LoĐallǇ adǀaŶĐed oƌ ŵetastatiĐ 
uƌothelial ĐaƌĐiŶoŵa 

Duƌǀaluŵaď 
LoĐallǇ adǀaŶĐed oƌ ŵetastatiĐ uƌothelial 
ĐaƌĐiŶoŵa 

Aǀeluŵaď Meƌkel Đell ĐaƌĐiŶoŵa 

 

 

1.6.3 IŵŵuŶotheƌapeutiĐ appƌoaĐhes foƌ ďladdeƌ ĐaŶĐeƌ  

Bladdeƌ ĐaŶĐeƌ has ďeeŶ tƌeated ǁith BCG as aŶ iŵŵuŶotheƌapeutiĐ appƌoaĐh foƌ ŶeaƌlǇ ϰ deĐades 
;Fuge et al. ϮϬϭϱͿ. The ŵeĐhaŶisŵ of aĐtioŶ is tƌaĐed ďaĐk to the iŵŵuŶe-stiŵulatoƌǇ effeĐt of BCG. 
TheƌeďǇ, the iŶfeĐtioŶ of uƌothelial as ǁell as ďladdeƌ ĐaŶĐeƌ Đells aŶd iŶteƌŶalizatioŶ of BCG leads to 
aŶ iŶĐƌease iŶ aŶtigeŶ pƌeseŶtiŶg Đells as ǁell as aŶtigeŶs. AĐtiǀated iŵŵuŶe Đells ƌespoŶse ǀia ĐǇtokiŶe 
ƌelease aŶd iŶ this pƌoĐess, the aĐƋuiƌed Thϭ ŵediated iŵŵuŶe ƌespoŶse as ǁell as the iŶŶate ThϮ 
ŵediated iŵŵuŶe ƌespoŶse aƌe iŵpliĐated. The iŶduĐed iŵŵuŶe ƌeaĐtioŶ aŶd fiŶallǇ the estaďlished 
aŶtituŵoƌ iŵŵuŶe ƌespoŶse is ŵaiŶlǇ ŵediated ďǇ NK Đells, deŶdƌitiĐ Đells, ŵaĐƌophages aŶd CDϴ+ as 
ǁell as CDϰ+ T lǇŵphoĐǇtes. The ƌesult is iŵpƌoǀed ƌeĐogŶitioŶ aŶd suďseƋueŶt destƌuĐtioŶ of tuŵoƌ 
Đells ;Fuge et al. ϮϬϭϱͿ.  

BCG is oŶe of the ŵost suĐĐessful iŵŵuŶotheƌapies eǀeƌ used. AdjuǀaŶt BCG iŶ high gƌade NMIBC 
ƌeduĐes ƌisk of ƌeĐuƌƌeŶĐe ďǇ ϳϬ % Đoŵpaƌed to tƌaŶsuƌethƌal ƌeseĐtioŶ aloŶe aŶd iŶ CIS it iŶduĐes a 
Đoŵplete ƌespoŶse iŶ ϳϬ-ϵϬ % of all Đases. BCG is the oŶlǇ iŶtƌaǀesiĐal theƌapǇ that is kŶoǁŶ to ƌeduĐe 
tuŵoƌ pƌogƌessioŶ iŶ iŶteƌŵediate aŶd high-ƌisk gƌoups ;Saluja uŶd GilliŶg ϮϬϭϳͿ. Besides this, it is safe 
aŶd ǁell toleƌated ;Fuge et al. ϮϬϭϱͿ. The suĐĐess of this theƌapǇ shoǁed that the pƌiŶĐiple of 
iŵŵuŶotheƌapǇ is ǁoƌkiŶg foƌ ďladdeƌ ĐaŶĐeƌ aŶd it seƌǀes as a ƌatioŶale to ǀeƌifǇ aŶd estaďlish ICB foƌ 
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ďladdeƌ ĐaŶĐeƌ theƌapǇ. IŶ additioŶ, seǀeƌal otheƌ ĐhaƌaĐteƌistiĐs of BLCA ŵake it aŶ eǆĐelleŶt tuŵoƌ 
eŶtitǇ ǁith pƌoŵisiŶg pƌeƌeƋuisites foƌ ICB, e.g. the iŵŵuŶogeŶiĐitǇ of ďladdeƌ ĐaŶĐeƌ ǁith the 
pƌeseŶĐe of tuŵoƌ iŶfiltƌated iŵŵuŶe Đells ;TILsͿ aŶd the high ŵutatioŶal load ƌesultiŶg iŶ iŶĐƌeased 
leǀels of ŶeoaŶtigeŶs ;BidŶuƌ et al. ϮϬϭϲ; KaŶdoth et al. ϮϬϭϯͿ. It has ďeeŶ shoǁŶ that ŶeoaŶtigeŶ 
ďuƌdeŶ aŶd ŶeoaŶtigeŶ speĐifiĐ T Đell ƌeaĐtiǀitǇ aƌe a ŵaƌkeƌ foƌ suĐĐessful iŵŵuŶotheƌapǇ 
;SĐhuŵaĐheƌ uŶd SĐhƌeiďeƌ ϮϬϭϱͿ. IŶ a studǇ ǁith ŶoŶ-sŵall Đell luŶg ĐaŶĐeƌ patieŶts, PD-ϭ tƌeatŵeŶt 
effiĐaĐǇ ǁas Đoƌƌelated ǁith a higheƌ ŵutatioŶal load iŶ the tuŵoƌ aŶd aŶotheƌ studǇ ǁith ŵelaŶoŵa 
patieŶts shoǁed that a higheƌ ŵutatioŶal laŶdsĐape suppoƌts CTLA-ϰ theƌapǇ ;Rizǀi et al. ϮϬϭϱ; SŶǇdeƌ 
et al. ϮϬϭϰͿ. MisŵatĐh ƌepaiƌ ;MMRͿ defiĐieŶĐǇ seeŵs to ďe a fuƌtheƌ ŵaƌkeƌ foƌ suĐĐessful ICB. CaŶĐeƌs 
ǁith MMR defiĐieŶĐǇ shoǁ eǆtƌeŵe high leǀels of soŵatiĐ ŵutatioŶs aŶd these ĐaŶĐeƌs aƌe seŶsitiǀe 
to iŵŵuŶe ĐheĐkpoiŶt ďloĐkade ;Le et al. ϮϬϭϳͿ. CeƌtaiŶlǇ, eǆpƌessioŶ of taƌget iŵŵuŶe ĐheĐkpoiŶt 
ŵoleĐules oŶ ĐaŶĐeƌ Đells as ǁell as iŶfiltƌated iŵŵuŶe Đells ĐaŶ pƌediĐt ƌespoŶdeƌs aŶd effiĐaĐǇ of ICB 
ďut theǇ aƌe Ŷot Ǉet ƌeliaďle ŵaƌkeƌs ;NishiŶo et al. ϮϬϭϳͿ. IŶ geŶeƌal, it is kŶoǁŶ that PD-Lϭ aŶd PD-ϭ 
eǆpƌessioŶ is assoĐiated ǁith high gƌade tuŵoƌs, tuŵoƌ iŶfiltƌatioŶ of ŵoŶoŶuĐleaƌ Đells aŶd that PD-
Lϭ positiǀe tuŵoƌs haǀe a ƌeduĐed oǀeƌall suƌǀiǀal ;BooƌjiaŶ et al. ϮϬϬϴ; IŶŵaŶ et al. ϮϬϬϳͿ. AŶalǇziŶg 
the PD-Lϭ/PD-ϭ status of tuŵoƌs to seleĐt foƌ ƌespoŶdeƌs ďƌought ĐoŶtƌadiĐtoƌǇ ƌesults. CliŶiĐal tƌials 
suggested a ďeŶefit of PD-Lϭ positiǀe tuŵoƌ Đells aŶd tuŵoƌ iŶfiltƌated iŵŵuŶe Đells to PD-Lϭ/PD-ϭ 
ďloĐkade Đoŵpaƌed to PD-Lϭ Ŷegatiǀe tuŵoƌs ;Heƌďst et al. ϮϬϭϰ; Apolo et al. ϮϬϭϳ; Massaƌd et al. 
ϮϬϭϲͿ. Hoǁeǀeƌ, theƌe aƌe also data shoǁiŶg that Ŷot all PD-Lϭ positiǀe tuŵoƌs ƌespoŶded to PD-Lϭ 
ďloĐkade ;Riďas uŶd Hu-LieskoǀaŶ ϮϬϭϲͿ. The ŵajoƌ issues usiŶg PD-Lϭ as a seleĐtoƌ foƌ ƌespoŶdeƌs aƌe 
the dǇŶaŵiĐ of taƌget ŵoleĐule eǆpƌessioŶ, the laĐk of staŶdaƌdized assaǇs aŶd the diffeƌeŶt 
iŶteƌpƌetatioŶ of PD-Lϭ staiŶiŶg ;Apolo ϮϬϭϲͿ. If aŶd to ǁhat eǆteŶt PD-Lϭ eǆpƌessioŶ ĐaŶ seƌǀe as a 
useful aŶd tƌustǁoƌthǇ ďioŵaƌkeƌ foƌ ICB is still a ŵatteƌ of iŶteŶsiǀe ƌeseaƌĐh.  

Up to Ŷoǁ, fiǀe ĐheĐkpoiŶt iŶhiďitoƌs ;Ŷiǀoluŵaď, atezolizuŵaď, peŵďƌolizuŵaď, aǀeluŵaď aŶd 
duƌǀaluŵaďͿ deŵoŶstƌated theƌapeutiĐ effiĐaĐǇ ǁith oďjeĐtiǀe ƌespoŶse ƌates ;ORRsͿ ƌaŶgiŶg fƌoŵ ϭϱ-
ϮϬ % iŶ patieŶts ǁith ŵetastatiĐ uƌothelial ĐaŶĐeƌ iŶ a seĐoŶd-liŶe settiŶg. Atezolizuŵaď aŶd 
peŵďƌolizuŵaď ǁeƌe also tested iŶ a fiƌst-liŶe settiŶg iŶ ĐisplatiŶ iŶeligiďle patieŶts. The FDA appƌoǀed 
duƌǀaluŵaď, Ŷiǀoluŵaď aŶd atezolizuŵaď foƌ tƌeatŵeŶt of loĐallǇ adǀaŶĐed oƌ ŵetastatiĐ uƌothelial 
ĐaƌĐiŶoŵa ;DaǀaƌpaŶah et al. ϮϬϭϳͿ.  

 

1.6.4  The PD-ϭ/PD-Lϭ iŵŵuŶe ĐheĐkpoiŶt pathǁaǇ 

The PD-ϭ/PD-Lϭ pathǁaǇ is a pƌoŵiŶeŶt eǆaŵple foƌ iŵŵuŶe ĐheĐkpoiŶt pathǁaǇs, its iŶhiďitoƌǇ 
ƌole ǁas fiƌst puďlished iŶ ϮϬϬϬ ;FƌeeŵaŶ et al. ϮϬϬϬͿ. PD-ϭ is a tƌaŶsŵeŵďƌaŶe ƌeĐeptoƌ ǁith a 
ĐǇtoplasŵiĐ iŵŵuŶoƌeĐeptoƌ tǇƌosiŶe-ďased iŶhiďitoƌǇ ŵotif ;ITIMͿ aŶd aŶ iŵŵuŶoƌeĐeptoƌ tǇƌosiŶe-
ďased sǁitĐh ŵotif ;ITSMͿ. It has ďeeŶ deteĐted oŶ T Đells iŶ the thǇŵus, ƌegulatoƌǇ T Đells, eǆhausted 
T Đells, B Đells, deŶdƌitiĐ Đells aŶd NK Đells.  

PD-ϭ eǆpƌessioŶ is Ŷot ĐoŶstitutiǀe ďut ĐaŶ ďe iŶduĐed upoŶ aĐtiǀatioŶ aŶd its ďƌoad eǆpƌessioŶ oŶ 
ǀaƌious iŵŵuŶe Đell tǇpes iŶdiĐates ǁide-ƌaŶgiŶg fuŶĐtioŶs iŶ diǀeƌse iŵŵuŶe ƌespoŶses ;Okazaki uŶd 
HoŶjo ϮϬϬϳͿ. The ƌeĐeptoƌ PD-ϭ ďiŶds to its ligaŶds PD-Lϭ aŶd PD-LϮ ;Li et al. ϮϬϭϲͿ. PD-LϮ eǆpƌessioŶ 
is liŵited to deŶdƌitiĐ Đells aŶd ŵaĐƌophages aŶd seeŵs to plaǇ a ŵiŶoƌ ƌole iŶ PD-ϭ sigŶaliŶg. The 
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eǆpƌessioŶ of PD-Lϭ is aďuŶdaŶt iŶ iŵŵuŶe Đells, epithelial Đells aŶd ĐaŶĐeƌ Đells ǁhiĐh sigŶifies a ƌole 
iŶ seĐoŶdaƌǇ lǇŵphoid oƌgaŶs as ǁell as taƌget oƌgaŶs ;Okazaki uŶd HoŶjo ϮϬϬϳͿ. PD-Lϭ eǆpƌessioŶ ĐaŶ 
ďe ĐoŶtƌolled ǀia iŶtƌiŶsiĐ aŶd eǆtƌiŶsiĐ ŵeĐhaŶisŵs. EǆtƌiŶsiĐ up-ƌegulatioŶ of PD-Lϭ is stƌoŶglǇ 
depeŶdeŶt oŶ TLR ŵediated sigŶaliŶg aŶd pƌo-iŶflaŵŵatoƌǇ ĐǇtokiŶes like IFNɶ, GM-CSF, TNF-α. IŶ 
ďladdeƌ ĐaŶĐeƌ Đell liŶes, it ǁas shoǁŶ that TLR-ϰ sigŶaliŶg upƌegulates PD-Lϭ eǆpƌessioŶ ǁhiĐh ĐaŶ ďe 
atteŶuated ďǇ eǆtƌaĐellulaƌ-sigŶal ƌegulated kiŶase ;ERKͿ aŶd Đ-JuŶ N teƌŵiŶal kiŶases ;JNKͿ iŶhiďitoƌs 
;QiaŶ et al. ϮϬϬϴͿ. IFN-ɶ iŶduĐes PD-Lϭ eǆpƌessioŶ ǀia sigŶaliŶg thƌough the JAK/STAT pathǁaǇ aŶd IRF-
ϭ ;Ritpƌajak uŶd Azuŵa ϮϬϭϱͿ. AdditioŶallǇ, ŵiĐƌoRNAs ;ŵiRNAsͿ haǀe ďeeŶ shoǁŶ to ƌegulate post-
tƌaŶsĐƌiptioŶallǇ PD-Lϭ tƌaŶsĐƌiptioŶ. Foƌ eǆaŵple, ŵiR-ϱϭϯ iŶteƌaĐts ǁith the ϯ͛-uŶtƌaŶslated ƌegioŶ of 
PD-Lϭ ŵRNA ǁhiĐh ƌesults iŶ tƌaŶslatioŶal ƌepƌessioŶ ;GoŶg et al. ϮϬϬϵͿ. Moƌeoǀeƌ, also iŶtƌiŶsiĐ 
pathǁaǇs ƌegulate PD-Lϭ eǆpƌessioŶ. Ki-ϲϳ eǆpƌessioŶ aŶd loss of phosphate aŶd teŶsiŶ hoŵolog ;PTENͿ 
as ǁell as aĐtiǀatiŶg epideƌŵal gƌoǁth faĐtoƌ ƌeĐeptoƌ ;EGFRͿ ŵutatioŶs haǀe ďeeŶ Đoƌƌelated to PD-
Lϭ eǆpƌessioŶ ;Ritpƌajak uŶd Azuŵa ϮϬϭϱͿ. Fuƌtheƌŵoƌe, aĐtiǀatioŶ of the ŵitogeŶ aĐtiǀated pƌoteiŶ 
kiŶase ;MAPKͿ aŶd PIϯK/Akt pathǁaǇ upƌegulate PD-Lϭ eǆpƌessioŶ iŶ ĐaŶĐeƌ Đells ;CheŶ et al. ϮϬϭϲͿ.  

 

 

 

Figuƌe ϭ.ϳ: The PD-ϭ/PD-Lϭ pathǁaǇ. EŶgageŵeŶt of PD-ϭ, eǆpƌessed oŶ T Đells, ďǇ PD-Lϭ, e.g. 
eǆpƌessed oŶ tuŵoƌ Đells, iŶitiates iŵŵuŶe iŶhiďitoƌǇ sigŶaliŶg pathǁaǇs. TheǇ lead to 
ƌeduĐed ĐǇtokiŶe pƌoduĐtioŶ aŶd pƌoteiŶ sǇŶthesis aŶd iŶduĐe ďloĐkade of Đell ĐǇĐle 
pƌogƌessioŶ aŶd pƌolifeƌatioŶ. These effeĐts fiŶallǇ Đause a suppƌessioŶ of T Đell aĐtiǀatioŶ 
aŶd pƌeǀeŶt aŶ iŵŵuŶe ƌespoŶse. Figuƌe ŵodified fƌoŵ ;ChiŶai et al. ϮϬϭϱͿ.  
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Afteƌ ƌeĐeptoƌ-ligaŶd eŶgageŵeŶt, PD-ϭ ƌeĐƌuits the SƌĐ-hoŵologǇ Ϯ doŵaiŶ-ĐoŶtaiŶiŶg 
phosphatase ;SHPϮͿ. SHPϮ iŶhiďits phosphoƌǇlatioŶ of the iŶtƌaĐellulaƌ doŵaiŶs of the T Đell ƌeĐeptoƌ 
as ǁell as dephosphoƌǇlates the CDϯς ĐhaiŶ ǁhiĐh leads to the iŶhiďitioŶ of ǀaƌious T Đell aĐtiǀatiŶg 
pathǁaǇs. This iŶĐludes iŶhiďitioŶ of Ras sigŶaliŶg ǁhiĐh suppƌesses Đell ĐǇĐle pƌogƌessioŶ aŶd 
pƌolifeƌatioŶ, iŶhiďits pƌo-suƌǀiǀal pƌoteiŶs like BĐl-ǆl aŶd ďloĐks the PIϯK/Akt pathǁaǇ ĐausiŶg a 
deĐƌease iŶ pƌoteiŶ sǇŶthesis, pƌolifeƌatioŶ aŶd ĐǇtokiŶe pƌoduĐtioŶ ;espeĐiallǇ IL-ϮͿ. PIϯK/Akt 
suppƌessioŶ leads iŶ additioŶ to the upƌegulatioŶ of FoǆOϭ ǁhiĐh iŶduĐes PD-ϭ upƌegulatioŶ. FiŶallǇ, 
PD-ϭ/PD-Lϭ sigŶaliŶg deĐƌeases T Đell ƌeĐeptoƌ sigŶaliŶg aŶd ƌesults iŶ suppƌessed T Đell aĐtiǀitǇ ;figuƌe 
ϭ.ϳͿ ;NiƌsĐhl uŶd Dƌake ϮϬϭϯͿ.  

 

 

 

1.7 CoŵďiŶiŶg ǀiƌotheƌapǇ aŶd iŵŵuŶe ĐheĐkpoiŶt ďloĐkade 

Latest iŶsights iŶ the fields of ǀiƌotheƌapǇ aŶd ICB deŵoŶstƌate the suďstaŶtial ƌole of the iŵŵuŶe 
sǇsteŵ iŶ the fight agaiŶst ĐaŶĐeƌ ;LiĐhtǇ et al. ϮϬϭϰͿ. The eǆĐelleŶt theƌapeutiĐ suĐĐess of T-VeĐ ĐleaƌlǇ 
deŵoŶstƌates the poǁeƌ of ĐoŵďiŶiŶg ǀiƌotheƌapǇ ǁith iŵŵuŶotheƌapǇ aŶd ĐliŶiĐal studies shoǁed 
that liŵited aŶtituŵoƌ iŵŵuŶitǇ ĐoŶstƌaiŶs the effeĐtiǀeŶess of ǀiƌotheƌapǇ ;LiĐhtǇ et al. ϮϬϭϰͿ. This 
ĐaŶ ďe oǀeƌĐoŵe ďǇ uŶloĐkiŶg iŵŵuŶe iŶhiďitoƌǇ pathǁaǇs like iŵŵuŶe ĐheĐkpoiŶts ;ZaŵaƌiŶ et al. 
ϮϬϭϰͿ. AdditioŶallǇ, pƌiŵiŶg ǁith iŵŵuŶe stiŵulatiŶg ageŶts iŶduĐes higheƌ eǆpƌessioŶ of iŵŵuŶe 
ĐheĐkpoiŶt ŵoleĐules iŶ the tuŵoƌ, leadiŶg to iŶĐƌeased ƌespoŶse ƌates to ICB. This is the leadiŶg 
ƌatioŶale foƌ a ĐoŵďiŶatioŶ theƌapǇ usiŶg oŶĐolǇtiĐ ǀiƌuses ǁith iŵŵuŶe ĐheĐkpoiŶt ďloĐkade ;ZaŵaƌiŶ 
et al. ϮϬϭϰͿ.  

 

 

 

1.8 DiffiĐultǇ of eǀaluatiŶg oŶĐolǇtiĐ adeŶoǀiƌuses iŶ ŵouse ŵodels  

The diffiĐultǇ iŶ fiŶdiŶg aŶ appƌopƌiate in vivo ŵodel to test oŶĐolǇtiĐ adeŶoǀiƌuses ďases oŶ theiƌ 
stƌiĐt speĐies speĐifiĐitǇ ;Russell ϮϬϬϬͿ. HuŵaŶ adeŶoǀiƌuses ƌepliĐate aŶd pƌoduĐe iŶfeĐtious Ŷeǁ 
paƌtiĐles alŵost eǆĐlusiǀelǇ iŶ huŵaŶ Đells. IŶ ŵost ŵuƌiŶe Đell liŶes, theǇ ĐaŶŶot effeĐtiǀelǇ iŶfeĐt aŶd 
ƌepliĐate aŶd ĐoŶseƋueŶtlǇ, a sǇŶgeŶeiĐ, iŵŵuŶoĐoŵpeteŶt ŵouse ŵodel to studǇ adeŶoǀiƌal 
ǀiƌotheƌapǇ foƌ ĐaŶĐeƌ tƌeatŵeŶt is Ŷot feasiďle ;GiŶsďeƌg et al. ϭϵϵϭͿ. This is the ƌeasoŶ ǁhǇ huŵaŶ 
tuŵoƌ ǆeŶogƌafts ǁeƌe used to studǇ OVT foƌ ĐaŶĐeƌ tƌeatŵeŶt. This ŵodel uses huŵaŶ tuŵoƌ Đells 
iŵplaŶted iŶ aŶ iŵŵuŶodefiĐieŶt ŵouse ǁhiĐh alloǁs ǀiƌal ƌepliĐatioŶ iŶ huŵaŶ tuŵoƌ Đells ďut does 
Ŷot ƌefleĐt the host͛s iŵŵuŶe sǇsteŵ. The laĐk of a fuŶĐtioŶal iŵŵuŶe sǇsteŵ iŶ ǆeŶogƌafts is a ŵajoƌ 
disadǀaŶtage of this ŵodel, espeĐiallǇ ƌegaƌdiŶg the faĐt that the iŵŵuŶe stiŵulatoƌǇ effeĐt of OVT is 
kŶoǁŶ to plaǇ a doŵiŶaŶt ƌole iŶ theƌapeutiĐ effeĐtiǀeŶess ;ZhaŶg et al. ϮϬϭϱͿ. Although theƌe aƌe 
atteŵpts to solǀe this pƌoďleŵ, e.g. ďǇ usiŶg the SǇƌiaŶ haŵsteƌ ŵodel, theƌe is still Ŷo appliĐaďle 
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ŵodel that fulfills the ƌeƋuiƌeŵeŶts of a sǇŶgeŶeiĐ, iŵŵuŶoĐoŵpeteŶt sǇsteŵ. ReĐeŶtlǇ, the ŵuƌiŶe 
luŶg adeŶoĐaƌĐiŶoŵa Đell liŶe ADS-ϭϮ ǁas fouŶd to suppoƌt adeŶoǀiƌal ƌepliĐatioŶ, paƌtiĐle foƌŵatioŶ 
aŶd to ƌespoŶd to adeŶoǀiƌal oŶĐolǇsis ;ZhaŶg et al. ϮϬϭϱͿ. Otheƌ ŵuƌiŶe Đell liŶes like the ŵuƌiŶe 
ďladdeƌ ĐaŶĐeƌ Đell liŶe MBϰϵ aŶd MBTϮ ǁeƌe ŵostlǇ used to studǇ adeŶoǀiƌal geŶe theƌapǇ 
;SuŵŵeƌhaǇes uŶd FƌaŶks ϭϵϳϵ; Loskog et al. ϮϬϬϱ; HoƌiŶaga et al. ϮϬϬϱͿ. The huŵaŶized ŵouse 
ŵodel pƌeseŶts a possiďilitǇ to studǇ oŶĐolǇtiĐ adeŶoǀiƌuses, hoǁeǀeƌ, it is highlǇ ĐhalleŶgiŶg, tiŵe 
ĐoŶsuŵiŶg, aƌtifiĐial aŶd liŵited iŶ tiŵe due to the deǀelopŵeŶt of a gƌaft ǀeƌsus host disease ;GǀHDͿ 
;Shultz et al. ϮϬϬϳͿ. This shoǁs the uƌgeŶt Ŷeed foƌ a sǇŶgeŶeiĐ, iŵŵuŶoĐoŵpeteŶt ŵouse ŵodel to 
studǇ adeŶoǀiƌal ǀiƌotheƌapǇ ƌegaƌdiŶg its oŶĐolǇtiĐ as ǁell as iŵŵuŶe stiŵulatoƌǇ effeĐts iŶ ĐaŶĐeƌ 
theƌapǇ. 

OƌthotopiĐ ĐaŶĐeƌ ŵodels aƌe the ďest ŵodels to ƌepƌeseŶt the phǇsiologiĐal situatioŶ iŶ huŵaŶs 
aŶd theǇ aƌe iŵpoƌtaŶt foƌ testiŶg Ŷoǀel theƌapies. Foƌ ďladdeƌ ĐaŶĐeƌ, theƌe eǆist seǀeƌal aŶiŵal 
ŵodels ǁhiĐh ĐaŶ ďe Đategoƌized iŶto spoŶtaŶeous aŶd ŶoŶ-spoŶtaŶeous ŵodels. SpoŶtaŶeous 
ŵodels aƌe ĐheŵiĐallǇ iŶduĐed oƌ geŶetiĐallǇ ŵodified. These tuŵoƌs aƌe ƌaƌe, tiŵe ĐoŶsuŵiŶg, 
ĐoŵpliĐated aŶd ƌepeataďilitǇ is Ŷot guaƌaŶteed ;ZhaŶg et al. ϮϬϭϱͿ. NoŶ-spoŶtaŶeous ŵodels 
Đoŵpƌise heteƌotopiĐ aŶd oƌthotopiĐ ǆeŶogƌaft ŵodels. HeteƌotopiĐ ǆeŶogƌaft ŵodels aƌe geŶeƌated 
ďǇ iŶjeĐtiŶg tuŵoƌ Đells ŶoŶ-oƌthotopiĐ uŶdeƌ the skiŶ. This ŵethod is fast aŶd easǇ iŶ haŶdliŶg ďut 
does Ŷot ƌepƌeseŶt the oƌgaŶ speĐifiĐ phǇsiologǇ aŶd Ŷatuƌal eŶǀiƌoŶŵeŶt ǁithiŶ the ŵouse. 
DeǀelopŵeŶt of oƌthotopiĐ ďladdeƌ ĐaŶĐeƌ ŵodels Ŷeeds suƌgiĐal iŵplaŶtatioŶ, iŶstillatioŶ oƌ 
ultƌasouŶd ďased iŶjeĐtioŶ of tuŵoƌ Đells ;Jägeƌ et al. ϮϬϭϰͿ. SuƌgiĐal iŶjeĐtioŶ is ǀeƌǇ tiŵe ĐoŶsuŵiŶg, 
ƌiskǇ aŶd Ŷot ƌeliaďle. The iŶstillatioŶ of tuŵoƌ Đells Ŷeeds pƌetƌeatŵeŶt of the ďladdeƌ aŶd deǀelops 
oŶlǇ supeƌfiĐial tuŵoƌs. The Ŷeǁ ultƌasouŶd ďased ŵodel alloǁs pƌeĐise iŶjeĐtioŶs of tuŵoƌ Đells iŶto 
the laŵiŶa pƌopƌia aŶd foƌŵs iŶǀasiǀe ďladdeƌ tuŵoƌs. It siŵulates huŵaŶ pathologǇ aŶd tuŵoƌ ďiologǇ 
ǁithiŶ the Ŷatuƌal eŶǀiƌoŶŵeŶt at its ďest. AdditioŶallǇ, it eŶaďles stƌaightfoƌǁaƌd aŶd pƌeĐise tuŵoƌ 
ŵoŶitoƌiŶg aŶd tƌeatŵeŶt ;Jägeƌ et al. ϮϬϭϰͿ.  

 

 

 

1.9 Aiŵs aŶd oďjeĐtiǀes 

OVT gaiŶed atteŶtioŶ ǁith the appƌoǀal of T-VeĐ as the fiƌst oŶĐolǇtiĐ ǀiƌus foƌ ĐaŶĐeƌ theƌapǇ. The 
eŶoƌŵous ƌeseaƌĐh aĐtiǀitǇ iŶ this field ďƌought Ŷeǁ iŶsights iŶ the pƌiŶĐiple effeĐts of ǀiƌotheƌapǇ aŶd 
shoǁed the iŵpoƌtaŶĐe aŶd ŶeĐessitǇ of its iŵŵuŶe stiŵulatoƌǇ effeĐt. Hoǁeǀeƌ, the tuŵoƌ has highlǇ 
effeĐtiǀe ŵeĐhaŶisŵs to ďloĐk the iŵŵuŶe aĐtiǀatiŶg effeĐt of ǀiƌotheƌapǇ aŶd liŵits theƌeďǇ its 
effeĐtiǀeŶess. The iŵŵuŶe ĐheĐkpoiŶts, suĐh as the PD-Lϭ/PD-ϭ pathǁaǇ, aƌe a pƌoŵiŶeŶt eǆaŵple foƌ 
iŵŵuŶe eǀasioŶ ŵeĐhaŶisŵs that ƌepƌess iŵŵuŶe stiŵulatioŶ. This leads to the ƌatioŶale foƌ 
ĐoŵďiŶiŶg oŶĐolǇtiĐ ǀiƌuses ǁith iŵŵuŶe ĐheĐkpoiŶt ďloĐkade to ƌestoƌe the full poǁeƌ of ǀiƌotheƌapǇ.  

The aiŵ of this ǁoƌk ǁas to studǇ a Ŷeǁ theƌapeutiĐ appƌoaĐh foƌ ďladdeƌ ĐaŶĐeƌ that ĐoŵďiŶes 
OVT aŶd PD-Lϭ speĐifiĐ iŵŵuŶe ĐheĐkpoiŶt ďloĐkade. This pƌojeĐt iŶĐluded the deǀelopŵeŶt aŶd 
pƌoduĐtioŶ of a Ŷoǀel oŶĐolǇtiĐ adeŶoǀiƌus eŶĐodiŶg foƌ aŶ aŶti-PD-Lϭ speĐifiĐ aŶtiďodǇ, Ŷaŵed XViƌ-
N-ϯϭ-aPD-Lϭ. Fuƌtheƌ oŶ, ǁe iŶteŶded to ĐhaƌaĐteƌize the Ŷeǁ ǀiƌus in vitro ƌegaƌdiŶg its ƌepliĐatioŶ 
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ďehaǀioƌ, its Đell killiŶg effeĐt aŶd its tƌaŶsgeŶe eǆpƌessioŶ. IŶ additioŶ, ǁe ǁaŶted to aŶalǇze the 
theƌapeutiĐ effeĐt of XViƌ-N-ϯϭ-aPD-Lϭ iŶ a ŵouse ŵodel. Theƌefoƌe, ǁe aiŵed to estaďlish aŶ 
oƌthotopiĐ, iŶǀasiǀe ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ. Since adenoviral replication is limited in mouse 

cells, we investigated several approaches including cell cycle inhibitors regarding their capacity to 

enhance viral replication and transgene expression iŶ a ŵuƌiŶe, iŵŵuŶoĐoŵpeteŶt ŵouse ŵodel.  
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2 Mateƌial aŶd ŵethods  

2.1 Mateƌial 

2.1.1 Multiple use eƋuipŵeŶt  

Multiple use eƋuipŵeŶt SouƌĐe 

ϯM duƌapoƌe suƌgiĐal tape ϯM, SaiŶt Paul, MN, USA  
AŶalǇtiĐal ďalaŶĐe ATϮϱϬ Mettleƌ, Toledo, GIesseŶ, GeƌŵaŶǇ 

AŶalǇtiĐal ďalaŶĐe Saƌtoƌiuŵ ϮϮϱϰ Saƌtoƌius, GoettiŶgeŶ, GeƌŵaŶǇ 

AutoĐlaǀe SǇsteĐ DX-ϲϱ SǇsteŵ GŵďH, LiŶdeŶ, GeƌŵaŶǇ 

AutoŵatiĐ filŵ pƌoĐessoƌ Cuƌtiǆ CPϭϬϬϬ Agfa HealthĐaƌe, Moƌtsel, Belgiuŵ 

Bag sealeƌ Folio FSϯϲϬϮ SeǀeƌiŶ Elektƌogeƌäte GŵďH, SuŶdeƌŶ, GeƌŵaŶǇ 

BD FACS Caliďuƌ Floǁ CǇtoŵetƌǇ SǇsteŵ DB BiosĐieŶĐe, SaŶ Lose, CA, USA 

BiologiĐal safetǇ ĐaďiŶet Heƌasafe KSϭϮ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

BVC pƌofessioŶal laďoƌatoƌǇ fluid aspiƌatoƌ VaĐuuďƌaŶd GŵďH, Weƌtheiŵ, GeƌŵaŶǇ 

CeŶtƌifuge ϱϴϭϬR EppeŶdoƌf GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

CeŶtƌifuge ROTINA ϯϱR HettiĐh, TuttliŶgeŶ, GeƌŵaŶǇ 

CheŵidoĐ XRS IŵagiŶg SǇsteŵ BioRad, HeƌĐules, CA, USA 

COϮ iŶĐuďatoƌ HERA CellϮϰϬ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

COϮ iŶĐuďatoƌ HERA CellϮϰϬi Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

CƌǇogeŶiĐ FƌeeziŶg CoŶtaiŶeƌ, ϭ° C NalgeŶe, RoĐhesteƌ, NY, USA 

EleĐtƌophoƌesis Poǁeƌ SupplǇ EPS ϲϬϭ 
Aŵeƌshaŵ PhaƌŵaĐia BioteĐh., Uppsala, 
SǁedeŶ 

EŵďeddiŶg ĐeŶteƌ LeiĐa EGϭϭϱϬ LeiĐa MiĐƌosǇsteŵs GŵďH, Wetzlaƌ, GeƌŵaŶǇ 

Glasǁaƌe SĐhott AG, MaiŶz, GeƌŵaŶǇ 

HeatiŶg aŶd dƌǇiŶg oǀeŶ Heƌaeus FuŶĐtioŶ LiŶe 
Bϲ 

Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

HeatiŶg aŶd dƌǇiŶg oǀeŶ Heƌaeus FuŶĐtioŶ LiŶe 
UTϮϬ 

Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

HeatiŶg ďloĐk theƌŵostat BTϭϬϬ KleiŶfeld LaďoƌteĐhŶik, GehƌdeŶ, GeƌŵaŶǇ 

IĐe MaĐhiŶe MaŶitoǁiĐ MaŶitoǁiĐ IĐe, MaŶitoǁiĐ, WI, USA 

Imaging station FUJIFILM Visual Sonics, Inc. Toronto, ON, Canada 

IŶtelliŵiǆeƌ RM-ϮL 
Elŵi Ltd. LaďoƌatoƌǇ EƋuipŵeŶt, Calaďasas, CA, 
USA 

Isofluran evaporator Uno, Netherlands 

MagŶetiĐ Stiƌƌeƌ 
Heidolph IŶstƌuŵeŶts GŵďH, SĐhǁaďaĐh, 
GeƌŵaŶǇ 
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Multiple use eƋuipŵeŶt SouƌĐe 

MiĐƌoĐeŶtƌifuge ϱϰϯϬR EppeŶdoƌf GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

MiĐƌoĐeŶtƌifuge QiĐkSpiŶ QSϳϬϬϬ peƌsoŶal Edǁaƌds IŶstƌuŵeŶts CO., NaƌellaŶ NSW, 
Austƌalia 

MiĐƌopipettes PIPETMAN PϮ, PϭϬ, PϮϬ, PϮϬ, 
PϭϬϬϬ 

GilsoŶ IŶĐ., MiddletoŶ, WI, USA 

MiĐƌoplate ƌeadeƌ Vŵaǆ KiŶetiĐ MoleĐulaƌ DeǀiĐes, SuŶŶǇǀale, CA, USA 

MiĐƌosĐope Aǆio Veƌt.ϭϯϱ Caƌl Zeiss, OďeƌkoĐheŶ, GeƌŵaŶǇ 

MiĐƌosĐope Aǆio Veƌt.Aϭ Caƌl Zeiss, OďeƌkoĐheŶ, GeƌŵaŶǇ 

MiĐƌosĐope Đaŵeƌa Aǆio Caŵ ERĐ ϱs Caƌl Zeiss, OďeƌkoĐheŶ, GeƌŵaŶǇ 

MiŶi PƌoteaŶ SǇsteŵ BioRad, HeƌĐules, CA, USA 

MiŶi TƌaŶs-ďlot Đell tƌaŶsfeƌ sǇsteŵ BioRad, HeƌĐules, CA, USA 

MiŶi-PƌoteaŶ Tetƌa Cell gel sǇsteŵ BioRad, HeƌĐules, CA, USA 

MiŶishakeƌ IKA MSϮ IKA Woƌks IŶĐ., StaufeŶ, GeƌŵaŶǇ 

Multilaďel plate ƌeadeƌ VICTOR Xϯ PeƌkiŶ Elŵeƌ, Walthaŵ, MA, USA 

Neuďaueƌ Đhaŵďeƌ LO Laďoƌoptik, LaŶĐiŶg, EŶglaŶd 

Oƌďital shakeƌ Kϭϱ EdŵuŶd Buehleƌ GŵďH, HeĐhiŶgeƌ, GeƌŵaŶǇ 

PeƌfeĐt Blue GelsǇsteŵ MiŶi M 
PEQLAB BioteĐhŶologie GŵďH, EƌlaŶgeŶ, 
DeutsĐhlaŶd 

pH Meter 691 Metrohm, Filderstadt, Germany 

Power supply PowerPac HC BioRad, Hercules, CA, USA 

Spectrophotometer Nanodrop 2000c Thermo Scientific, Waltham, MA, USA 

Surgical instruments Timesco, Essex, United Kingdom 

Thermal cycler C1000 CFX96 BioRad, Hercules, Ca, USA 

Thermal cycler iCycler iQ Real-time PCR detection 

system 
BioRad, Hercules, Ca, USA 

Thermo cycler MJ Research PTC-200 BioRad, Hercules, CA, USA 

Tissue processor Leica ASP200 S Leica Microsystems GmbH, Wetzler, Germany 

Ultracentrifuge Optima LE-80K, rotor SW32 Ti Beckman Coulter GmbH, Krefeld, GER 

Vevo 2100 Ultrasound FUJIFILM Visual Sonics, Inc. Toronto, ON, Canada 

Vortex-Genie 2 Scientific Industries, Inc., Bohemia, NY, USA 

Water bath W350 Memmert, Schwabach, Germany 

Water purification system, Purelab Elga Lab water, Celle, Germany 
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2.1.2 Disposaďle eƋuipŵeŶt  

Disposaďle eƋuipŵeŶt SouƌĐe 

Aŵeƌshaŵ hǇďoŶd-P PVDF-MeŵďƌaŶe GE-HealthĐaƌe, BuĐkiŶghaŵshiƌe, EŶglaŶd 

Cell Đultuƌe plates Ϯϰ ǁell, ϭϱ Đŵŵ 
TPP, TeĐhŶo PlastiĐ PƌoduĐts AG, TƌasadiŶgeŶ, 
SĐhǁeiz 

Cell Đultuƌe plates ϵϲ ǁell, Ϯϰ ǁell, ϭϮ ǁell, ϲ 
ǁell, ϭϬ Đŵ 

CoŵiŶg IŶĐopoƌated, CoŵiŶg, NY, USA 

ChƌoŵatogƌaphǇ papeƌ WhatŵaŶ GE HealthĐaƌe, BuĐkiŶghaŵshiƌe, EŶglaŶd 

CoŶiĐal ďottoŵ polǇstǇƌeŶe tuďes ElkaǇ, Haŵpshiƌe, UŶited KiŶgdoŵ 

CoŶiĐal tuďes ϭϱŵl, ϱϬŵl FalĐoŶ  GƌeiŶeƌ GŵďH, FƌiĐkeŶhauseŶ, GeƌŵaŶǇ 

CƌǇogeŶiĐ ǀials ϭ.ϴ ŵl NuŶĐ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

DesaltiŶg sephadeǆ PD-ϭϬ ĐoluŵŶs GE HealthĐaƌe, BuĐkiŶghaŵshiƌe, EŶglaŶd 

EŵďeddiŶg Đassettes Rotilaďo Caƌl Roth, Kaƌlsƌuhe, GeƌŵaŶǇ 

Haƌd-Shell PCR Plates ϵϲ-ǁell BioRad, HeƌĐules, CA, USA 

LeŶs ĐleaŶiŶg papeƌ The TiffeŶ ĐoŵpaŶǇ, Hauppauge, NY, USA 

MiĐƌosĐope Đoǀeƌslips  Theƌŵo SĐieŶtifiĐ Walthaŵ, MA, USA 

MiĐƌosĐope slides Supeƌfƌost plus Theƌŵo SĐieŶtifiĐ Walthaŵ, MA, USA 

Needles Ϯϳ Gauge BD BiosĐieŶĐes, SaŶ Jose, CA, USA 

Needles ϯϬ Gauge, ¾͟ MoŶojeĐt MedtƌoŶiĐ, MA, USA 

PCR ƌeaĐtioŶ tuďe Ϭ.ϱ ŵl BiozǇŵ SĐieŶtifiĐ, OldeŶdoƌf, GeƌŵaŶǇ 

PCR sealeƌs MiĐƌoseal ͚B͛ Filŵ BioRad, HeƌĐules, CA, USA 

Pipette tips ǁith aŶd ǁithout filteƌ Saƌstedt, NueŵďƌeĐht, GeƌŵaŶǇ 

ReaĐtioŶ tuďes Ϭ.ϱŵl, ϭ.ϱŵl, Ϯŵl Saƌstedt, NueŵďƌeĐht, GeƌŵaŶǇ 

RouŶd ďottoŵ polǇstǇƌeŶde tuďes CƌoŶiŶg IŶĐoƌpoƌated, CoƌŶiŶg, NY, USA 

SeƌologiĐal pipettes 
GƌeiŶeƌ Bio-OŶe IŶteƌŶatioŶal AG, 
KƌeŵsŵueŶsteƌ, Austƌia 

SiliĐoŶe sheet, Ϭ.ϱŵŵ thiĐk Sahlďeƌg GŵďH&Co., KG, MuŶiĐh, GeƌŵaŶǇ 

Steƌile filteƌ NalgeŶe Ϭ.Ϯϱµŵ, Ϭ.ϰϱµŵ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

SǇƌiŶges ϭŵl OŵŶifiǆ B. BƌauŶ MelsuŶgeŶ AG, MelsuŶgeŶ, GeƌŵaŶǇ 

UltƌaĐeŶtƌifugatioŶ tuďe Ultƌa-Cleaƌ Ϯϱǆϴϵ ŵŵ BeĐkŵaŶŶ&Coulteƌ GŵďH, Kƌefeld, GeƌŵaŶǇ 

X-ƌaǇ filŵ CEA RP Neǁ  Agfa HealthĐaƌe, Moƌtsel, Belgiuŵ 
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2.1.3 CheŵiĐals aŶd ƌeageŶts  

CheŵiĐals aŶd ƌeageŶts  SouƌĐe 

Ϯ-ŵeƌĐaptoethaŶol  Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, 

ϳ-AŵiŶoaĐtiŶoŵǇĐiŶ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

ϵϲ% EthaŶol Otto FisĐheƌ GŵďH, SaaƌďƌüĐkeŶ, GeƌŵaŶǇ 

AĐetiĐ aĐid MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

Agaƌose Ultƌapuƌe Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

AŵŵoŶiuŵ peƌsulfate ;APSͿ Sigŵa-AldƌiĐh Cheŵie, GŵďH, MuŶiĐh, 
GeƌŵaŶǇ 

AŵpiĐilliŶ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

BioĐoll sepaƌatiŶg solutioŶ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

BoƌiĐ aĐid Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

BoǀiŶe seƌuŵ alďuŵiŶ ;BSAͿ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

BƌoŵopheŶol ďlue 
Seƌǀa EleĐtƌophoƌesis GŵďH, Heidelďeƌg, 
GeƌŵaŶǇ 

Caesiuŵ Đhloƌide;CsClͿ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

CDϮϵϯ Media Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

Chloƌophoƌŵ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Coloƌ PƌestaiŶed PƌoteiŶ StaŶdaƌd, Bƌoad RaŶge Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA 

Cƌesol Red Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

DAB-ChƌoŵogeŶ aŶd Suďstƌate ďuffeƌ AgileŶt, SaŶta Claƌa, CA, USA 

DAKO REAL aŶtiďodǇ dilueŶt Dako, Haŵďuƌg, GeƌŵaŶǇ 

DeoǆǇŶuĐleotide tƌi-phosphate ;dNTPsͿ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

DeǀelopiŶg aŶd fiǆatioŶ solutioŶs VisioŶ X GVϲϬ 
RoeŶtgeŶ ďeŶdeƌ GŵďH&Co. KG, BadeŶ-BadeŶ, 
GeƌŵaŶǇ 

DiŵethǇl sulfoǆide ;DMSOͿ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Dithiothƌeitol ;DTTͿ Cell-SigŶaliŶg, Caŵďƌidge, EŶglaŶd 

DNA laddeƌ ϭϬϬďp, ϭkď Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

DNA loadiŶg ďuffeƌ ϲǆ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

DulďeĐĐo͛s Modified Eagle͛s Mediuŵ ;DMEMͿ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

E. Đoli, DHϭϬB 
PD Peƌ SoŶŶe Holŵ, EǆpeƌiŵeŶtal UƌologǇ, 
KliŶikuŵ ƌeĐhts deƌ Isaƌ, TUM 

ECM fƌoŵ EŶgelďeƌt-Holŵ – Sǁaƌŵ ŵuƌiŶe 
saƌĐoŵa 

Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

EthaŶol aďsolut MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

Ethidiuŵďƌoŵide, ϭϬ ŵg/ŵl Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

EthǇleŶediaŵiŶetetƌaaĐetiĐ aĐid ;EDTAͿ, Ϭ,ϱ M AppliCheŵ, Daƌŵstadt, GeƌŵaŶǇ 

Fetal BoǀiŶe Seƌuŵ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

FugeŶe HD Pƌoŵega, MadisoŶ, WI, USA 
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CheŵiĐals aŶd ƌeageŶts  SouƌĐe 

GlǇĐiŶe Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

GoTaƋ GƌeeŶ PCR ŵasteƌ ŵiǆ Pƌoŵega, MadisoŶ, WI, USA 

GoTaƋ ƋPCR ŵasteƌ ŵiǆ Pƌoŵega, MadisoŶ, WI, USA 

HaeŵatoǆǇliŶ solutioŶ, MaǇeƌ͛s 
KƌaŶkeŶhausapotheke, KliŶikuŵ ƌeĐhts deƌ Isaƌ, 
MuŶiĐh, GeƌŵaŶǇ 

HǇdƌogeŶ Đhloƌide ;HClͿ MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

HǇdƌogeŶ peƌoǆide MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

Iŵŵoďilized PƌoteiŶ A Plus Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

IŶteƌleukiŶ Ϯ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

IsoĐitƌate ŵoŶohǇdƌate Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

IsopƌopaŶol Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

KaŶaŵǇĐiŶ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

L-GlutaŵiŶ ϮϬϬŵM Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

LipofeĐtaŵiŶ ϮϬϬϬ IŶǀitƌogeŶ, Caƌlsďad, CA, USA 

LipopolǇsaĐĐhaƌide  Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

MagŶesiuŵ Chloƌide ;MgClͿ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

MethaŶol Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

MouŶtiŶg ŵediuŵ EŶtellaŶ-Ŷeǁ MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

NoŶ-esseŶtial aŵiŶo aĐids ;NEAAͿ, ϭϬϬǆ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

Opti-MEM Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Opti-MEM Media Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

PaƌafoƌŵaldehǇde solutioŶ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

p-CouŵeƌiĐ aĐid Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

PEI-MagϮ 
A kiŶd gift fƌoŵ ChƌistiaŶ PlaŶk ;Tƌesilǁised et 
al. ϮϬϭϮͿ 

PeŶiĐilliŶ/StƌeptoŵǇĐiŶ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

PheŶol:Chloƌophoƌŵ:IsoaŵǇlalĐohol Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Phosphate ďuffeƌed saliŶe ;PBSͿ, ϭǆ, ϭϬǆ  BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

PƌeĐisioŶ Plus PƌoteiŶ StaŶdaƌd Bio-Rad, HeƌĐules, CA, USA 

RestƌiĐtioŶ eŶzǇŵe ďuffeƌs 
Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA;  
Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA 

Rosǁell Paƌk Meŵoƌial IŶstitute ŵediuŵ ;RPMIͿ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

Rotiphoƌese gel ϯϬ Caƌl Roth, Kaƌlsƌuhe, GeƌŵaŶǇ 

SeleĐt agaƌ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Skiŵŵed ŵilk poǁdeƌ Nestle, VeǀeǇ, SǁitzeƌlaŶd 

Sodiuŵ aĐetate MeƌĐk, Daƌŵstadt, GeƌŵaŶǇ 

Sodiuŵ azide Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Sodiuŵ Đhloƌide ;NaClͿ MeƌĐk CheŵiĐals GŵďH, HesseŶ, GeƌŵaŶǇ 

Sodiuŵ dodeĐǇl sulfate Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 
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CheŵiĐals aŶd ƌeageŶts  SouƌĐe 

Sodiuŵ oƌthoǀaŶadate Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

SulfoƌhodaŵiŶ B ;SRBͿ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

TetƌaŵethǇlethǇleŶediaŵiŶe ;TEMEDͿ Caƌl Roth, Kaƌlsƌuhe, GeƌŵaŶǇ 

TƌiĐhloƌoaĐetiĐ aĐid Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

Tƌis;hǇdƌoǆǇŵethǇlͿ-aŵiŶoŵethaŶe MeƌĐk, Daƌŵstadt, GeƌŵaŶǇ 

TƌitoŶ-X-ϭϬϬ Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

TƌǇpaŶ ďlue, Ϭ,ϱ% BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

TƌǇpsiŶ/EDTA BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

TƌǇptoŶe Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

TǁeeŶ-ϮϬ 
Seƌǀa EleĐtƌophoƌesis GŵďH, Heidelďeƌg, 
GeƌŵaŶǇ 

Viƌus lǇsis ďuffeƌ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

Viƌus stoƌage ďuffeƌ BioĐhƌoŵ, BeƌliŶ, GeƌŵaŶǇ 

Yeast EǆtƌaĐt Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

 
 

2.1.4 EŶzǇŵes  

EŶzǇŵes SouƌĐe 

BaŵHI Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA  
BeŶzoŶase Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

BGlII Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA  
Coŵplete ŵiŶi-pƌotease iŶhiďitoƌ RoĐhe, Basel, SǁitzeƌlaŶd 

EĐoRV Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA 

FastAP phosphatase Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

NdeI Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

PaĐI Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA  

Phosphatase iŶhiďitoƌ ŵiǆ II Seƌǀa EleĐtƌophoƌesis GŵďH, Heidelďeƌg, 
GeƌŵaŶǇ 

PŵeI Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA  
PƌoteiŶase K Sigŵa-AldƌiĐh Cheŵie GŵďH, MuŶiĐh, GeƌŵaŶǇ 

SpeI Neǁ EŶglaŶd Biolaďs, IpsǁiĐh, MA, USA  
Tϰ DNA ligase Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

Tϰ DNA polǇŵeƌase Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

TaƋ DNA polǇŵeƌase Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

XhoI  Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 
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2.1.5 Buffeƌs aŶd solutioŶs  

Buffeƌ CoŵpoŶeŶts 

Ϭ.ϭ % CaClϮ Ϭ.ϵ ŵM CaClϮ iŶ dHϮO 

Ϭ.ϱ % ;W/VͿ SRB staiŶiŶg solutioŶ Ϭ.ϱ % SRB iŶ ϭ% aĐetiĐ aĐid 

ϭ % BSA  ϭ % BSA iŶ PBS 

ϭ % SDS PƌoteiŶ lǇsis ďuffeƌ 

ϭϬ ŵM Tƌis/HCl, pH ϳ.Ϯ 

ϭ % SDS 

ϭ ŵM Na oƌthoǀaŶadate 

Add oŶe Coŵplete MiŶi-Pƌotease IŶhiďitoƌ 
taďlet aŶd ϭϬϬ µl phosphatase iŶhiďitoƌ peƌ ϭϬ 
ŵl of pƌoteiŶ lǇsis ďuffeƌ 

ϭϬϬ % TCA 
Ϭ.ϯ M TCA  
ϮϮ,ϳ ŵl dHϮO 

ϭϬǆ SDS ƌuŶŶiŶg ďuffeƌ 

Ϯϱ ŶM Tƌis 

ϭϵϮ ŵM GlǇĐiŶe 

Ϭ.ϭ % ǁ/ǀ SDS 

pH ϴ.ϯ 

ϭϬǆ TBE 

ϭ M Tƌis 

ϭ M BoƌiĐ aĐid 

Ϭ.ϬϮ M EDTA 

ϭϬǆ TBS Ϭ.ϱ M Tƌis/HCl, pH ϳ.ϲ 

ϭϬǆ TƌaŶsfeƌ ďuffeƌ 
Ϯϱ ŶM Tƌis 

ϭϵϮ ŵM GlǇĐiŶe 

ϭǆ TƌaŶsfeƌ ďuffeƌ 
ϭϬ % ϭϬǆ TƌaŶsfeƌ ďuffeƌ 

ϮϬ % MethaŶol 

ϰǆ PƌoteiŶ loadiŶg ďuffeƌ 

Ϭ.Ϯϱ M Tƌis/HCl, pH ϲ.ϴ 

ϴ % SDS 

Ϭ.Ϭϰ % BƌoŵopheŶol ďlue 

ϰϬ % GlǇĐiŶe 

Add ϭϬϬ µl of ϭ M DTT to ϱϬϬ µl of ϰǆpƌoteiŶ 
loadiŶg ďuffeƌ pƌioƌ to use 

CheŵiluŵiŶesĐeŶĐe ƌeageŶt A 

Ϭ.ϭ M Tƌis/HCl, pH ϴ.ϱ 

Ϯ.ϱ ŵM LuŵiŶol 
Ϭ.ϰ ŵM p-CouŵeƌiĐ aĐid 

CheŵiluŵiŶesĐeŶĐe ƌeageŶt B 
Ϭ.ϭ M Tƌis/HCl, pH ϴ.ϱ 

Ϭ.ϭϴ % HϮOϮ 

CsCl heaǀǇ solutioŶ p=ϭ.ϰϱ g/Đŵϯ ϲϬϵ.Ϭ g/L CsCl iŶ ϭϬ ŵMTƌis ;pH ϳ.ϴͿ 

CsCl light solutioŶ p=ϭ.ϯϯ g/Đŵϯ ϰϱϰ.Ϯ g/L CsCl iŶ ϭϬ ŵM Tƌis ;pH ϳ.ϴͿ 

DNA LǇsis ďuffeƌ 

ϭϬ ŵM Tƌis/HCl pHϴ  
ϭϬϬ ŵM NaCl 
Ϯϱ ŵM EDTA pHϴ 

Ϭ.ϱ % SDS 
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Buffeƌ CoŵpoŶeŶts 

DNA pƌeĐipitatioŶ solutioŶ 
ϱϴϴ ŵM NHϰCϮHϯOϮ  
ϭϬϬ % EthaŶol 

IŵŵuŶoďlottiŶg aŶtiďodǇ dilutioŶ ďuffeƌ ϱ % BSA iŶ TBS-T ǁith Ϭ.ϬϮ % Sodiuŵ azide 

IŵŵuŶoďlottiŶg ďloĐkiŶg ďuffeƌ ϱ % ŶoŶ-fat ŵilk poǁdeƌ iŶ TBS-T 

IP elutioŶ ďuffeƌ: 
 

Ϭ.ϭϱ M NaCl 
Ϭ.Ϭϱ M Tƌis/HCl 
ϭ % TƌitoŶ X-ϭϬϬ 

ϱ ŵM EDTA 

ϭǆ pƌoteiŶ loadiŶg ďuffeƌ 

IP pƌoteiŶ lǇsis ďuffeƌ 

Ϭ.ϭϱ M NaCl 
Ϭ.Ϭϱ M Tƌis/HCl 
ϭ % TƌitoŶ X-ϭϬϬ 

ϱ ŵM EDTA 

LB agaƌ 
LB Mediuŵ 

ϭ.ϱ % seleĐt agaƌ 

LB ŵediuŵ 

Ϭ.Ϭϭ % TƌǇptoŶe 

Ϭ.ϬϬϱ % Yeast eǆtƌaĐt 

Ϭ.Ϭϭ % NaCl 

PCR ďuffeƌ 

ϭǆTaƋ Puffeƌ ;NHϰͿϮSOϰ 

ϴ % GlǇĐeƌol 
Ϯϱ ŵM MgClϮ 

ϭϬ ŵM dNTPs  
Cƌesol Red 

RIPA pƌoteiŶ lǇsis ďuffeƌ 

Ϭ.ϭϱ M NaCl 
Ϭ.Ϭϱ M Tƌis/HCl 
ϭ % TƌitoŶ X-ϭϬϬ 

Ϭ.Ϭϱ % SDS 

ϱ ŵM EDTA 

SepaƌatiŶg gel ďuffeƌ ϭ.ϱ M Tƌis/HCl, pH ϴ.ϴ 

SRB soluďiliziŶg solutioŶ ϭϬ ŵM Tƌis, pH ϭϬ 

StaĐkiŶg gel ďuffeƌ Ϭ.ϱ M Tƌis/HCl, pH ϲ.ϴ 

TBS-T 
ϭǆ TBS 

Ϭ.ϬϬϭ % TǁeeŶ-ϮϬ 

Viƌus stoƌage ďuffeƌ 

20 mM NaCl 

25 mM Tris 

2.5 % Glycerol 
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2.1.6 CoŵŵeƌĐial kits  

CoŵŵeƌĐial kits SouƌĐe 

HiSpeed Plasŵid Midi Kit QiageŶ, Hilde, GeƌŵaŶǇ 

PieƌĐe BCA PƌoteiŶ AssaǇ Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

QIAƋuiĐk gel eǆtƌaĐtioŶ kit QiageŶ, Hilde, GeƌŵaŶǇ 

QIApƌep SpiŶ MiŶipƌep Kit QiageŶ, Hilde, GeƌŵaŶǇ 

IFNǇ ELISA  BioLegeŶd, SaŶ Diego, CA, USA 

 
 

2.1.7 AŶtiďodies aŶd peptides 

Taƌget pƌoteiŶ,  
CloŶ  AppliĐatioŶ DilutioŶ SouƌĐe 

AĐtiŶ ;AϮϬϲϲͿ WB ϭ:ϭϬϬϬ 
Sigŵa-AldƌiĐh Cheŵie GŵďH, 
MuŶiĐh, GeƌŵaŶǇ 

CAR, RĐŵĐB FACS ϭ:ϰϬ 
MeƌĐk CheŵiĐals GŵďH, Daƌŵstadt, 
GeƌŵaŶǇ  

EϭA, Mϳϯ IF ϭ:ϭϬϬ 
SaŶta Cƌuz BioteĐhŶologǇ, INC., 
Dallas, TX, USA  

EϮFϭ WB ϭ:ϮϱϬ 
SaŶta Cƌuz BioteĐhŶologǇ, INC., 
Dallas, TX, USA  

GAPDH ;ϮϭϭϴͿ WB ϭ:ϭϬϬϬ CST, BeǀeƌlǇ, MA, USA 

h PD-Lϭ, EϭLϯN WB ϭ:ϭϬϬϬ CST, BeǀeƌlǇ, MA, USA 

HeǆoŶ ABϭϬϱϲ WB ϭ:ϱϬϬ 
MeƌĐk CheŵiĐals GŵďH, Daƌŵstadt, 
GeƌŵaŶǇ 

HeǆoŶ, GϬϵϳ IHC ϭ:ϱϬϬ aďŵ, RiĐhŵoŶd, BC, CaŶada 

ŵ PD-Lϭ, ;ϭϳϵϳϭϭͿ WB ϭ µg/ŵl R&D 

Pϱϯ, ϭCϭϮ WB ϭ:ϭϬϬϬ CST, BeǀeƌlǇ, MA, USA 

PD-Lϭ, MIHϭ 
FuŶĐtioŶal 
assaǇ 

 Theƌŵo SĐietifiĐ, Walthaŵ, MA, USA 

pRď ;SeƌϳϴϬͿ, DϱϵBϳ WB ϭ:ϭϬϬϬ CST, BeǀeƌlǇ, MA, USA 

Rď, ϱϱϰϭϯϲ WB Ϯ µg/ŵl BD BiosĐieŶĐe, SaŶ Jose, CA, USA 
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Taƌget pƌoteiŶ,  
CloŶ  AppliĐatioŶ DilutioŶ SouƌĐe 

YB-ϭ WB, IF ϭ:ϮϬϬϬ, ϭ:ϴϬ 
EuƌogeŶteĐ GŵďH, KölŶ, 
DeutsĐhlaŶd ;VƌoŶi GiƌďiŶgeƌ ϮϬϭϯͿ 

Aleǆa ϰϴϴ ĐoŶjugated goat-
aŶti-ƌaďďit IgG, ϰϰϭϮ  IF ϭ:ϱϬϬ CST, BeǀeƌlǇ, MA, USA 

FITC ĐoŶjugated ƌaďďit-aŶti 
ŵouse IgG, FϬϮϯϮ 

FACS ϭϬµg/µl AgileŶt, SaŶta Claƌa, CA, USA 

CǇϯ ĐoŶjugated goat-aŶti-
ŵouse IgG, AϭϬϱϮϭ 

IF ϱµg/µl Theƌŵo SĐietifiĐ, Walthaŵ, MA, USA 

FITC ĐoŶjugated sǁiŶe-aŶti-
ƌaďďit IgG, FϬϮϬϱ 

IF ϭ:ϭϬϬ AgileŶt, SaŶta Claƌa, CA, USA 

Peƌoǆidase ĐoŶjugated aŶti-
ƌaďďit IgG, ϳϭϭ-Ϭϯϲ-ϭϱϮ 

WB ϭ:ϭϬ ϬϬϬ DiaŶoǀa GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

Peƌoǆidase ĐoŶjugated aŶti-
ŵouse IgG, ϳϭϱ-Ϭϯϲ-ϭϱϬ 

WB ϭ:ϭϬ ϬϬϬ DiaŶoǀa GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

Peƌoǆidase ĐoŶjugated 
goat-aŶti-ŵouse IgG, 
PϬϰϰϳ 

IHC ϭ:ϭϬϬϬ AgileŶt, SaŶta Claƌa, CA, USA 

Mouse gaŵŵa gloďuliŶ 
IsotǇpe ĐoŶtƌol FACS ϭ:ϰϬ DiaŶoǀa GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

MuƌiŶe FĐ ďloĐk: aŶti-
ŵouse CDϭϲ/ϯϮ 

FACS ϭ:ϮϬϬ 
Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, 
USA 

HuŵaŶ FĐ ďloĐk FACS 
Ϯ.ϱ µg/ϭǆϭϬϲ 
Đells 

DiaŶoǀa GŵďH, Haŵďuƌg, GeƌŵaŶǇ 

 
 
 
 

2.1.8 Pƌiŵeƌ seƋueŶĐes 

All pƌiŵeƌs ǁeƌe sǇŶthesized ďǇ Life TeĐhŶologies oƌ MetaďioŶ aŶd dissolǀed iŶ HϮO to a fiŶal stoĐk 
ĐoŶĐeŶtƌatioŶ of ϭϬ µM.  

Taƌget geŶe Foƌǁaƌd pƌiŵeƌ Reǀeƌse pƌiŵeƌ  

Eϭďϭϵk CGTGAGAGTTGGTGGGCGT CTTCGCTCCATTTATCCT 

Eϯ GTTAATGTCAGGTCGCCTAAGTCG GTGTGTTGCCCGCGACCATT 

RGD CTGCCGCGGAGACTGTTTC CTGCAATTGAAAAATAAACACG 

EϭA ACGGTTGCAGGTCTTGTC TTTACACCTTATGGCCTGGGGC 

EϭA ϭϯs GGCATGTTTGTCTACAGTAAG GCCATGCAAGTTAAACATTATC 

Eϯ ADP  ATGTCAGCATCTGACTTTG CTCGAGGAATCATGTCTC 

PD-Lϭ-FĐ AAGGTGGAAATCAAGAGAGG CCAGTTGAACTTGACCTCAG 

Eϯ GAACAATTCAAGCAACTCTAC GCAGTCTACTTCGATGTGAG 
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Taƌget geŶe Foƌǁaƌd pƌiŵeƌ Reǀeƌse pƌiŵeƌ  

Fiďeƌ AAGCTAGCCCTGCAAACATCA CCCAAGCTACCAGTGGCAGTA 

HuŵaŶ aĐtiŶ AAAGTGCAAAGAAC CGGCTAAG TAAGTAGGTGCACAGTAGGTCTGA 

HuŵaŶ GAPDH TGGCATGGACTGTGGTCATGAG ACTGGCGTCTTCACCACCATGG 

MuƌiŶe aĐtiŶ CTGCTCTGGCTCCTAGCAC TGAATGGTGAGCTCTCTGGGT 

MuƌiŶe GAPDH  TTTGGCATTGTGGAAGGGCT ACCCCTCTACCCAAAAGGGA  
 
 

2.1.9 Plasŵids  

Plasŵid SouƌĐe 

pĐDNAϯ.ϭ-IgGϭ KiŶd gift fƌoŵ PD MelaŶie LasĐhiŶgeƌ 

pShuttle CloŶteĐh DƌaO-WtEϯ CloŶed ďǇ Klaus MaŶtǁill 
pMK-RQ-a-PD-Lϭ  Theƌŵo SĐieŶtifiĐ, Walthaŵ, MA, USA 

pUCϭϴ-XViƌ-Eϯ-RGD CloŶed ďǇ Klaus MaŶtǁill 
pXViƌ-N-ϯϭ CloŶed ďǇ Klaus MaŶtǁill 

 
 

2.1.10 Viƌuses 

The ǁild tǇpe adeŶoǀiƌus AdWT seƌotǇpe ϱ speĐies C is ǁell ĐhaƌaĐteƌized aŶd seƌǀed as positiǀe 
ĐoŶtƌol foƌ ƌepliĐatioŶ, Đell lǇsis aŶd paƌtiĐle foƌŵatioŶ iŶ this ǁoƌk. All oŶĐolǇtiĐ adeŶoǀiƌuses used iŶ 
this ǁoƌk aƌe deƌiǀed fƌoŵ AdWT.  

dlϳϬϯ has a ϯ.Ϯ kď deletioŶ iŶ the Eϭ ƌegioŶ aŶd is ƌepliĐatioŶ iŶĐoŵpeteŶt ;Bett et al. ϭϵϵϰͿ. It 
seƌǀed as a Ŷegatiǀe ĐoŶtƌol iŶ this thesis.  

The oŶĐolǇtiĐ adeŶoǀiƌus XViƌ-N-ϯϭ has aŶ ϭϭ ďp deletioŶ iŶ the EϭA-CRϯ ƌegioŶ, a paƌtial deletioŶ 
iŶ the EϭBϭϵK geŶe aŶd a deletioŶ iŶ the Eϯ ƌegioŶ. It has aŶ additioŶal RGD ŵotif iŶ the fiďeƌ eŶĐodiŶg 
geŶe ;RogŶoŶi et al. ϮϬϬϵ; MaŶtǁill et al. ϮϬϬϲͿ.  

The oŶĐolǇtiĐ ǀiƌus XViƌ-N-ϯϭ/EϮFŵ is ŵutated iŶ its EϮFϭ ďiŶdiŶg sites iŶ the EϮ eaƌlǇ pƌoŵoteƌ. 
This ŵutatioŶ ǁas iŶtegƌated iŶto the ďaĐkďoŶe of XViƌ-N-ϯϭ.  
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2.1.11 Cell Đultuƌe 

2.1.11.1 Cell liŶes 

Cell liŶe SouƌĐe 

HEKϮϵϯ AŵeƌiĐaŶ tǇpe Đultuƌe ĐolleĐtioŶ, MaŶassas, VA, USA 

JϴϮ AŵeƌiĐaŶ tǇpe Đultuƌe ĐolleĐtioŶ, MaŶassas, VA, USA 

MBϰϵ A kiŶd gift fƌoŵ Dƌ Bƌeul fƌoŵ the UŶikliŶikuŵ EsseŶ  
MBTϮ A kiŶd gift fƌoŵ Dƌ Bƌeul fƌoŵ the UŶikliŶikuŵ EsseŶ  
TϮϰ AŵeƌiĐaŶ tǇpe Đultuƌe ĐolleĐtioŶ, MaŶassas, VA, USA 

UMUCϯ AŵeƌiĐaŶ tǇpe Đultuƌe ĐolleĐtioŶ, MaŶassas, VA, USA 

 

 

2.1.11.2 Cell Đultuƌe ŵedia 

Mediuŵ FoƌŵulatioŶ 

Gƌoǁth ŵediuŵ foƌ Đells at ϱ % COϮ 

RPMI 
ϱ % FBS 

ϭ % NEAA 

ϭ % PeŶiĐilliŶ/StƌeptoŵǇĐiŶ 

Gƌoǁth ŵediuŵ foƌ Đells at ϭϬ % COϮ 

DMEM 

ϱ % FBS 

ϭ % PeŶiĐilliŶ/StƌeptoŵǇĐiŶ 

Gƌoǁth ŵediuŵ foƌ HEKϮϵϯ suspeŶsioŶ Đells 
CDϮϵϯ  
ϭ % L-GlutaŵiŶe 

FƌeeziŶg ŵediuŵ DMEM 

ϱϬ % gƌoǁth ŵediuŵ DMEM 

ϰϬ % FBS 

ϭϬ % DMSO 

FƌeeziŶg ŵediuŵ RPMI 
ϱϬ % gƌoǁth ŵediuŵ RPMI 
ϰϬ % FBS 

ϭϬ % DMSO 

IŶfeĐtioŶ ŵediuŵ DMEM DMEM 

IŶfeĐtioŶ Mediuŵ RPMI  RPMI 
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2.1.12 MiĐe  

Mouse stƌaiŶ SouƌĐe 

FoǆŶϭŶu/Ŷu Chaƌles Riǀeƌ 

CϱϳBL/ϲ Chaƌles Riǀeƌ 

 
 

2.1.13 Softǁaƌe 

Softǁaƌe CoŵpaŶǇ  

FloǁJo FloǁJo LLC, AshlaŶd, OR, USA 

ZeŶ Lite ϮϬϭϮ Caƌl Zeiss, OďeƌkoĐheŶ, GeƌŵaŶǇ 

Veǀo LAB ϮϬϬϬ FUJIFILM Visual SoŶiĐs, IŶĐ. ToƌoŶto, ON, CaŶada 
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2.2 Methods 

2.2.1 MoleĐulaƌ ďiologǇ teĐhŶiƋues  

2.2.1.1 PƌepaƌatioŶ of ĐoŵpeteŶt ďaĐteƌia  

E.coli ;DHϭϬBͿ ǁeƌe Đultuƌed iŶ Ϯŵl LB ŵediuŵ iŶ a shakeƌ at ϯϳ° C oǀeƌŶight. The Ŷeǆt daǇ, ϭϬϬ ŵl 
LB ŵediuŵ ǁeƌe iŶoĐulated ǁith the staƌteƌ Đultuƌe aŶd iŶĐuďated at ϯϳ°C. As sooŶ as Đells ƌeaĐhed 
the eǆpoŶeŶtial gƌoǁth phase, ďaĐteƌia ǁeƌe put oŶ iĐe foƌ ϯϬ ŵiŶutes. Cells ǁeƌe ĐeŶtƌifuged foƌ ϭϬ 
ŵiŶutes at ϰ°C ǁith ϯϬϬϬg aŶd pellet ǁas ƌesuspeŶded iŶ ϯϱ ŵl pƌe-Đooled Ϭ.ϭ M CaClϮ. ResuspeŶded 
Đells ǁeƌe iŶĐuďated agaiŶ oŶ iĐe foƌ ϯϬ ŵiŶutes aŶd ĐeŶtƌifuged foƌ ϭϬ ŵiŶutes at ϰ°C ǁith ϯϬϬϬ g. 
TheŶ, pellet ǁas ƌesuspeŶded iŶ Ϭ.ϭ M pƌe-Đooled CaClϮ + ϭϬ % GlǇĐeƌol. CoŵpeteŶt ďaĐteƌia ǁeƌe 
aliƋuoted iŶ pƌe-Đooled tuďes aŶd stoƌed at -ϴϬ°C.  
 

 

2.2.1.2 PuƌifiĐatioŶ of plasŵid DNA  

LB Mediuŵ ĐoŶtaiŶiŶg seleĐtiǀe aŶtiďiotiĐ ;ϭϬϬµg/ŵl aŵpiĐilliŶ, ϱϬµg/ŵl kaŶaŵǇĐiŶͿ ǁas 
iŶoĐulated ǁith siŶgle ĐoloŶies of the plasŵid ĐoŶtaiŶiŶg ďaĐteƌia aŶd Đultuƌed oǀeƌŶight iŶ a shakeƌ at 
ϯϳ°C. ϴϬϬ µl ďaĐteƌial Đultuƌe ǁas ŵiǆed ǁith ϰϬϬµl glǇĐeƌol:LB ŵiǆtuƌe ;ƌatio ϯ:ϮͿ as a glǇĐeƌol stoĐk. 
BaĐteƌia ǁeƌe haƌǀested ďǇ ĐeŶtƌifugatioŶ at ϯϬϬϬg foƌ ϭϱ ŵiŶutes iŶ a pƌe-Đooled ĐeŶtƌifuge. Pelleted 
ďaĐteƌia ǁeƌe lǇsed aĐĐoƌdiŶg to the QIApƌep SpiŶ MiŶipƌep Kit ŵaŶual. Plasŵid DNA ǁas isolated 
eitheƌ ďǇ usiŶg QIApƌep SpiŶ MiŶipƌep ĐoluŵŶs oƌ ďǇ DNA pƌeĐipitatioŶ usiŶg isopƌopaŶol. IsolatioŶ of 
DNA usiŶg ĐoluŵŶs ǁas peƌfoƌŵed aĐĐoƌdiŶg to the iŶstƌuĐtioŶ ŵaŶual. Foƌ isopƌopaŶol pƌeĐipitatioŶ 
of DNA, lǇsed ďaĐteƌia ǁeƌe ĐeŶtƌifuged foƌ ϭϬ ŵiŶutes at full speed iŶ a pƌe-Đooled ĐeŶtƌifuge. DNA 
ĐoŶtaiŶiŶg supeƌŶataŶt ǁas tƌaŶsfeƌƌed to a Ŷeǁ tuďe, Ϭ,ϳ ǆ ǀoluŵe of isopƌopaŶol aŶd oŶe dƌop of 
glǇĐogeŶ ǁeƌe added aŶd DNA ǁas pƌeĐipitated ďǇ ĐaƌefullǇ iŶǀeƌtiŶg the tuďe ϰ to ϲ tiŵes. 
PƌeĐipitated DNA ǁas ĐeŶtƌifuged at full speed foƌ ϯϬ ŵiŶutes at ϰ° C. Pelleted DNA ǁas ǁashed tǁiĐe 
ǁith ϯϬϬ µl of ϳϬ % ethaŶol aŶd agaiŶ ĐeŶtƌifuged. Aiƌ dƌied DNA pellet ǁas dissolǀed iŶ ϮϬ to ϱϬ µl 
ǁateƌ at ϱϱ° C foƌ ϭ to Ϯ houƌs oƌ at ϰ° oǀeƌŶight. DNA ĐoŶĐeŶtƌatioŶ ǁas ŵeasuƌed usiŶg the NaŶoDƌop 
ϮϬϬĐ. Plasŵid DNA ǁas stoƌed at ϰ°C. Plasŵid ideŶtitǇ ǁas ĐoŶfiƌŵed ďǇ seƋueŶĐiŶg ǁhiĐh ǁas 
peƌfoƌŵed ďǇ GATC BioteĐh AG, CoŶstaŶĐe, GeƌŵaŶǇ. 

 

 

2.2.1.3 IsolatioŶ of DNA fƌoŵ tuŵoƌ Đells  

Foƌ isolatioŶ of Đellulaƌ aŶd ǀiƌal DNA iŶ ϲ ǁell plates, iŶfeĐted Đells ǁeƌe ǁashed oŶĐe ǁith PBS aŶd 
lǇsed ǁith ϮϬϬ µl of DNA lǇsis ďuffeƌ. The lǇsate ǁas tƌaŶsfeƌƌed iŶto a ϭ.ϱ ŵl tuďe, ϯ µl of pƌoteiŶase K 
ǁeƌe added aŶd the lǇsate ǁas digested at ϱϲ° C uŶdeƌ ǀigoƌous shakiŶg foƌ ϴ to ϭϮ houƌs. Foƌ 
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puƌifiĐatioŶ, ϮϬϬ µl PheŶol:Chloƌphoƌŵ:IsoaŵǇlalĐohol ǁas added aŶd ŵiǆed ďǇ ǀoƌteǆiŶg foƌ ϯϬ 
seĐoŶds. The lǇsate ǁas iŶĐuďated oŶ iĐe foƌ ϱ ŵiŶutes aŶd ĐeŶtƌifuged at ϭϲϰϯϬ g foƌ ϱ ŵiŶutes at ϰ° 
C. The uppeƌ phase ;ϮϬϬ µlͿ ǁas tƌaŶsfeƌƌed to a Ŷeǁ tuďe, ϮϬϬ µl Đhloƌophoƌŵ aŶd Ϯ µl Đƌesol ƌed 
ǁeƌe added aŶd the saŵple ǁas ŵiǆed ďǇ ǀoƌteǆiŶg foƌ ϯϬ seĐoŶds. Afteƌ iŶĐuďatioŶ oŶ iĐe foƌ ϱ 
ŵiŶutes, saŵples ǁeƌe ĐeŶtƌifuged at ϭϲϰϯϬ g foƌ ϱ ŵiŶutes at ϰ° C. The uppeƌ phase ;ϮϬϬµlͿ ǁas agaiŶ 
tƌaŶsfeƌƌed to a Ŷeǁ tuďe aŶd DNA ǁas pƌeĐipitated ďǇ addiŶg ϴϱϬ µl DNA pƌeĐipitatioŶ solutioŶ aŶd 
ĐeŶtƌifugatioŶ at ϭϲϰϯϬ g foƌ ϯϬ ŵiŶutes at ϰ° C. Pelleted DNA ǁas ǁashed ǁith ϰϬϬ µl of ϳϬ % ethaŶol. 
Afteƌ iŶĐuďatioŶ foƌ ϭϬ ŵiŶutes, DNA ǁas ĐeŶtƌifuged at ϱϬϬ g foƌ ϱ ŵiŶutes at ƌooŵ teŵpeƌatuƌe. 
DNA ǁas dƌied aŶd dissolǀed iŶ ϱϬ to ϭϬϬ µl Ϭ.ϭǆTE ďuffeƌ at ϰϬ° C foƌ ϭ to ϱ houƌs.  

 

 

2.2.1.4 RestƌiĐtioŶ digestioŶ 

Foƌ aŶalǇsis aŶd digestioŶ of plasŵids, aŶ appƌopƌiate aŵouŶt of DNA ǁas digested ǁith the 
ƌeƋuiƌed eŶzǇŵe foƌ ϭ houƌ oƌ oǀeƌŶight at ϯϳ° C. If Ŷeeded, the ƌestƌiĐtioŶ eŶzǇŵe ǁas heat 
iŶaĐtiǀated aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. Digested DNA ǁas aŶalǇzed ďǇ agaƌose gel 
eleĐtƌophoƌesis.  

 

 

2.2.1.5 Agaƌose gel eleĐtƌophoƌesis aŶd gel eǆtƌaĐtioŶ of DNA  

Ϭ.ϴ to ϭ.ϱ % agaƌose gels ǁeƌe pƌepaƌed usiŶg ϭǆTBE ďuffeƌ aŶd Ϭ.ϱ µg/ŵl ethidiuŵ ďƌoŵide. DNA 
ǁas loaded usiŶg ϲǆ loadiŶg ďuffeƌ. Gels ǁeƌe ƌuŶ iŶ ϭǆTBE ďuffeƌ at ϳϬ to ϭϭϬ V uŶtil ďaŶds ǁeƌe 
sepaƌated as Ŷeeded. The ďaŶds ǁeƌe ǀisualized iŶ a UV tƌaŶsilluŵiŶatioŶ aŶd the aŶalǇsis ǁas 
doĐuŵeŶted ďǇ the CheŵidoĐ XRS sǇsteŵ. 

 

 

2.2.1.6 DephosphoƌǇlatioŶ, ligatioŶ aŶd tƌaŶsfoƌŵatioŶ of ĐoŵpeteŶt 
ďaĐteƌia  

DephosphoƌǇlatioŶ of digested ǀeĐtoƌs ǁas peƌfoƌŵed aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ͛s ŵaŶual at 
ϯϳ° C foƌ ϭ to Ϯ houƌs. The phosphatase ǁas heat iŶaĐtiǀated at ϲϱ° C foƌ ϭϱ ŵiŶutes. VeĐtoƌ aŶd iŶseƌt 
ǁeƌe ligated iŶ ƌatios ǀaƌǇiŶg fƌoŵ ϭ:ϯ to ϭ:ϳ usiŶg Tϰ DNA ligase ďǇ iŶĐuďatiŶg at ƌooŵ teŵpeƌatuƌe 
foƌ ϭ houƌ. Foƌ tƌaŶsfoƌŵatioŶ, ĐoŵpeteŶt ďaĐteƌia ǁeƌe thaǁed oŶ iĐe. ϭϱ µl of ligatioŶ ŵiǆtuƌe ǁas 
added to ďaĐteƌia, iŶĐuďated oŶ iĐe foƌ ϯϬ ŵiŶutes, folloǁed ďǇ a ϯϬs heat shoĐk at ϰϮ°C aŶd a ϭϬ-
ŵiŶute iŶĐuďated oŶ iĐe. BaĐteƌial Đells ǁeƌe ƌesuspeŶded iŶ pƌe-ǁaƌŵed LB ŵediuŵ aŶd iŶĐuďated 
foƌ ϭ houƌ at ϯϳ°C. Vaƌious aŵouŶts of the tƌaŶsfoƌŵed ďaĐteƌia ǁeƌe stƌeaked oŶto LB agaƌ plates aŶd 
iŶĐuďated at ϯϳ° C foƌ ϭϮ to ϭϴ houƌs.  
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2.2.1.7 ColoŶǇ polǇŵeƌase ĐhaiŶ ƌeaĐtioŶ ;PCRͿ to sĐƌeeŶ ĐloŶes 

SiŶgle ĐoloŶies ǁeƌe piĐked usiŶg a steƌile pipette tip to iŶoĐulate ϭϬϬ µl LB ŵediuŵ. IŶfeĐted 
ŵediuŵ ǁas iŶĐuďated at ϯϳ° C foƌ Ϯ to ϲ houƌs. BaĐteƌial Đells ǁeƌe pelleted, ƌesuspeŶded iŶ ϮϬ µl 
PCR ŵasteƌ ŵiǆ aŶd lǇsed at ϭϬϬ° C foƌ ϭϬ ŵiŶutes. Cell deďƌis ǁas pelleted ďǇ ĐeŶtƌifugatioŶ aŶd ϱ µl 
of plasŵid DNA ĐoŶtaiŶiŶg supeƌŶataŶt ǁas used foƌ the PCR. PCR ĐoŶditioŶs aƌe listed iŶ taďleTaďle ϲ. 
Pƌiŵeƌ ĐoŵďiŶatioŶ aŶd theiƌ appliĐatioŶ iŶ ǀaƌious ĐloŶiŶg steps aƌe listed iŶ taďle ϰ. 

 

 

Taďle ϰ: Pƌiŵeƌ ĐoŵďiŶatioŶs foƌ ĐoloŶǇ PCR. 

CloŶiŶg step 
Pƌiŵeƌ 
ĐoŵďiŶatioŶ 

Pƌiŵeƌ ďiŶdiŶg site 
PƌoduĐt 
size 

LigatioŶ of tƌaŶsgeŶe iŶto 
shuttle plasŵids 

ϯϭϭ, ϯϭϬ 
ϯϭϭ: iŶ aPD-Lϭ fƌagŵeŶt 

ϯϭϬ: iŶ FĐ-fƌagŵeŶt 
ϲϭϯ ďp 

LigatioŶ of tƌaŶsgeŶe iŶto 
pShuttle CloŶteĐh 

ϯϭϬ, ϴϭ 
ϴϭ: iŶ pShuttle ďaĐkďoŶe 

ϯϭϬ: iŶ FĐ-fƌagŵeŶt 
ϭϭϴϴ ďp 

IŶtegƌatioŶ of tƌaŶsgeŶe 
iŶto pXViƌ-N-ϯϭ 

ϯϮϰ, ϯϮϱ 
ϯϮϰ: ϯ͛ of BaŵHI ƌestƌiĐtioŶ site at ďp Ϯϲϭϳϭ  
ϯϮϱ: ϱ͛ of BaŵHI ƌestƌiĐtioŶ site at ďp Ϯϲϭϳϭ 

ϲϱϳ ďp 

 

 

2.2.1.8 IdeŶtitǇ PCR to ǀeƌifǇ ǀiƌus ideŶtitǇ 

Puƌified ǀiƌal DNA ǁas diluted ǁith ǁateƌ to a ĐoŶĐeŶtƌatioŶ of Ϭ.ϭ to ϭ Ŷg/µl, puƌified ǀiƌus ǁas 
heat iŶaĐtiǀated at ϭϬϬ° C foƌ ϭϬ ŵiŶutes aŶd diluted ϭ:ϭϬ ǁith ŶuĐlease-fƌee ǁateƌ. The PCR ƌeaĐtioŶ 
ŵiǆ foƌ oŶe saŵple iŶĐludes ϭϴ.ϱ µl PCR ŵasteƌ ŵiǆ, Ϯ.ϱ µl foƌǁaƌd pƌiŵeƌ aŶd Ϯ.ϱ µl ƌeǀeƌse pƌiŵeƌ 
;fiŶal pƌiŵeƌ ĐoŶĐeŶtƌatioŶ ϭϮ.ϱ pMͿ aŶd Ϭ.ϱ µl TaƋ polǇŵeƌase. Ϯϰ µl PCR ƌeaĐtioŶ ŵiǆ ǁas dispeŶsed 
iŶto Ϭ.Ϯ ŵl PCR ƌeaĐtioŶ tuďes pƌioƌ to the additioŶ of ϭ µl ǀiƌal DNA oƌ iŶaĐtiǀated ǀiƌus. Pƌiŵeƌ 
ĐoŵďiŶatioŶs foƌ the ideŶtitǇ PCR aƌe listed iŶ taďle ϱ.  

The PCR ĐǇĐliŶg ĐoŶditioŶs aƌe shoǁŶ iŶ Taďle ϲ. The PCR ǁas aŶalǇzed ďǇ agaƌose gel 
eleĐtƌophoƌesis. 
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Taďle ϱ: Pƌiŵeƌ ĐoŵďiŶatioŶs foƌ ideŶtitǇ PCR. 

PCR Ŷuŵďeƌ GeŶe Foƌǁaƌd pƌiŵeƌ Reǀeƌse pƌiŵeƌ 
   PƌoduĐt size  
  XViƌ          WT 

ϭ EϭA HϯϬϯ HϮϭϲ ϱϰϬ ďp ϱϰϬ ďp 

Ϯ 
EϭAϭϯS 
deletioŶ 

HϮϯϭ Hϯϴ  ϱϰϴ ďp 

ϯ 
EϭBϭϵk 
deletioŶ 

Hϯ Hϰ ϯϴϳ ďp ϱϴϳ ďp 

ϰ Eϯ deletioŶ Hϯϲ Hϯϳ 
No 
aŵpliĐoŶ 

ϯϴϬ ďp 

ϱ Eϯ ADP HϯϬϭ HϮϱϯ 
No 
aŵpliĐoŶ 

ϯϴϰ ďp 

ϲ RGD Hϯϰ Hϲ ϭϳϲ ďp 
No 
aŵpliĐoŶ 

ϳ 
aPD-Lϭ 

FĐ 

Hϯϭϭ 

Hϴϭ 

HϯϭϬ 

HϯϭϬ 

ϲϭϯ ďp 

ϯϯϳ ďp 

No 
aŵpliĐoŶ 

 

 

 

Taďle ϲ: PCR ĐǇĐliŶg ĐoŶditioŶs. 

Step Tiŵe, Teŵpeƌatuƌe 

IŶitial deŶatuƌatioŶ ϭ ŵiŶ, ϵϱ° C 

AŶŶealiŶg ;ϯϬ ĐǇĐlesͿ 
ϰϬ seĐ, ϵϱ° C 

ϰϬ seĐ, ϱϴ° C 

ϰϬseĐ, ϳϮ° C 

FiŶal eǆteŶsioŶ ϱ ŵiŶ, ϳϮ° C 

Hold ∞, ϰ° C 

 

 

2.2.1.9 Fiďeƌ ƋPCR to ƋuaŶtifǇ ǀiƌal ƌepliĐatioŶ 

To ƋuaŶtifǇ ǀiƌal DNA, ϱ µl of ϮϬ Ŷg/µl puƌified DNA ǁeƌe used iŶ a fiďeƌ ƋPCR. PCR ŵiǆ ǁas pƌepaƌed 
usiŶg the GoTaƋ GƌeeŶ PCR ŵasteƌ ŵiǆ aĐĐoƌdiŶg to ŵaŶufaĐtuƌeƌ͛s pƌotoĐol, usiŶg ϱϬϬ ŶM of foƌǁaƌd 
aŶd ƌeǀeƌse pƌiŵeƌs foƌ fiďeƌ, ŵuƌiŶe aŶd huŵaŶ aĐtiŶ as ǁell as ŵuƌiŶe GAPDH. Pƌiŵeƌs agaiŶst 
huŵaŶ GAPDH ǁeƌe used at a ĐoŶĐeŶtƌatioŶ of ϮϱϬ ŶM. Foƌ eaĐh PCR ƌeaĐtioŶ, ϭϬ µl PCR ŵasteƌ ŵiǆ 
ǁeƌe used. 

The PCR ĐǇĐliŶg ĐoŶditioŶs aƌe shoǁŶ iŶ Taďle ϳ. 
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Taďle ϳ: CǇĐliŶg ĐoŶditioŶs foƌ fiďeƌ ƋPCR. 

Step Tiŵe, Teŵpeƌatuƌe 

IŶitial deŶatuƌatioŶ Ϯ ŵiŶ, ϵϰ° C 

AŶŶealiŶg ;ϰϱ ĐǇĐlesͿ 
ϭϱ seĐ, ϵϰ° C 

ϭϱ seĐ, ϲϬ° C 

ϭϱ seĐ, ϳϮ° C 

FiŶal eǆteŶsioŶ ϭϱ ŵiŶ, ϵϰ° C 

Melt Đuƌǀe 

ϭϱ ŵiŶ, ϵϰ°C 

ϱ seĐ, ϲϬ°C  
ϱ ŵiŶ, ϵϱ°C 

 

 

To ƋuaŶtifǇ ǀiƌal fiďeƌ DNA, the ΔΔCt ŵethod ǁas used. Foƌ the ƌelatiǀe ƋuaŶtifiĐatioŶ of ǀiƌal fiďeƌ 
DNA, aĐtiŶ aŶd GAPDH ǁeƌe used as ƌefeƌeŶĐe geŶes. The ϰ houƌ fiďeƌ ǀalue seƌǀed as ĐoŶtƌol aŶd ǁas 
used foƌ ŶoƌŵalizatioŶ ;Liǀak aŶd SĐhŵittgeŶ, ϮϬϬϭͿ.  

 

ΔCt = Ct ;ƌefeƌeŶĐe geŶeͿ-Ct ;fiďeƌ geŶeͿ 
ΔΔCt = ΔCt ;saŵpleͿ – ΔCt ;ĐoŶtƌol saŵpleͿ 

Noƌŵalized geŶe eǆpƌessioŶ = Ϯ – ΔΔCt 

 

 

2.2.2 Cell Đultuƌe  

2.2.2.1 CultiǀatioŶ of Đell liŶes  

Cells ǁeƌe Đultuƌed uŶdeƌ steƌile ĐoŶditioŶs at ϯϳ°C uŶdeƌ satuƌated huŵiditǇ iŶ a laŵiŶaƌ floǁ 
ďiologiĐal safetǇ ĐaďiŶet. All Đell liŶes ǁeƌe used iŶ eaƌlǇ passages aŶd passaged at ϴϬ % ĐoŶflueŶĐǇ. 
Foƌ all eǆpeƌiŵeŶts, ŵedia aŶd tƌǇpsiŶ ǁeƌe pƌe-ǁaƌŵed to ϯϳ° C. Foƌ passagiŶg, Đells ǁeƌe ǁashed 
ǁith PBS-ϱ% Ϭ.ϱ M EDTA aŶd iŶĐuďated ǁith tƌǇpsiŶ uŶtil theǇ detaĐhed. TƌǇpsiŶ ǁas iŶaĐtiǀated usiŶg 
fƌesh ŵediuŵ aŶd Đells ǁeƌe ĐeŶtƌifuged at ϯϬϬ RCF foƌ ϱ ŵiŶutes at ƌooŵ teŵpeƌatuƌe. The pelleted 
Đells ǁeƌe ƌesuspeŶded iŶ ϭϬ ŵl fƌesh ŵediuŵ aŶd a fƌaĐtioŶ ǁas tƌaŶsfeƌƌed oŶto a Ŷeǁ Đell Đultuƌe 
dish foƌ ĐultuƌiŶg the suďseƋueŶt passage. UMUCϯ, HEKϮϵϯ, MBϰϵ ǁeƌe ŵaiŶtaiŶed at ϭϬ % COϮ, ǁhile 
TϮϰ, JϴϮ aŶd MBTϮ ǁeƌe ŵaiŶtaiŶed at ϱ % COϮ.  
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2.2.2.2 CouŶtiŶg of Đells 

Cell solutioŶ ǁas diluted ϭ:ϭ iŶ Ϭ.ϱ % tƌǇpaŶ ďlue solutioŶ aŶd ĐouŶted iŶ a Neuďaueƌ Đhaŵďeƌ. 
UŶstaiŶed Đells ǁeƌe ĐoŶsideƌed to ďe ǀiaďle. 

 

 

2.2.2.3 ThaǁiŶg aŶd fƌeeziŶg of Đells  

Foƌ thaǁiŶg Đells, the ĐƌǇoǀial ǁas thaǁed iŶ the ǁateƌ ďath aŶd theŶ iŵŵediatelǇ tƌaŶsfeƌƌed to a 
tuďe ĐoŶtaiŶiŶg fƌesh ŵedia. Afteƌ ĐeŶtƌifugatioŶ, Đells ǁeƌe ƌesuspeŶded iŶ ŵediuŵ aŶd Đultuƌed as 
desĐƌiďed iŶ Ϯ.Ϯ.Ϯ.ϭ. Foƌ ĐƌǇopƌeseƌǀatioŶ, Đells at ϳϬ-ϴϬ % ĐoŶflueŶĐǇ ǁeƌe pellet as desĐƌiďed iŶ 
Ϯ.Ϯ.Ϯ.ϭ. Cell pellet ǁas ƌesuspeŶded iŶ ϯ ŵl of fƌeeziŶg ŵedia, tƌaŶsfeƌƌed iŶto tǁo ĐƌǇoǀials aŶd ǀials 
ǁeƌe stoƌed iŶ a fƌeeziŶg ĐoŶtaiŶeƌ at -ϴϬ° C foƌ Ϯϰ to ϰϴ houƌs aŶd theŶ tƌaŶsfeƌƌed to liƋuid ŶitƌogeŶ. 

 

 

2.2.3 IŶ vitro eǆpeƌiŵeŶts 

2.2.3.1 TƌeatŵeŶt ǁith iŶhiďitoƌs 

NutliŶ-ϯa ǁas dissolǀed iŶ DMSO aŶd stoƌed as a ϱ ŵM stoĐk solutioŶ at -ϮϬ° C. Cells ǁeƌe seeded 
Ϯϰ houƌs ďefoƌe tƌeatŵeŶt. WoƌkiŶg dilutioŶs ǁeƌe pƌepaƌed fƌesh usiŶg pƌe-ǁaƌŵed ŵediuŵ. The 
highest DMSO ĐoŶĐeŶtƌatioŶ ǁas used as a ĐoŶtƌol.  

 

 

2.2.3.2 Dose ƌespoŶse assaǇ 

ϱǆϭϬϰ Đells peƌ ǁell ǁeƌe seeded oŶ a ϭϮ ǁell plate. Ϯϰ houƌs afteƌ seediŶg, Đells ǁeƌe tƌeated ǁith 
ǀaƌious ĐoŶĐeŶtƌatioŶs of the iŶhiďitoƌ as desĐƌiďed iŶ Ϯ.Ϯ.ϯ.ϭ. The Đells ǁeƌe fiǆed thƌee daǇs afteƌ 
tƌeatŵeŶt aŶd the assaǇ ǁas ĐoŶtiŶued as desĐƌiďed iŶ Ϯ.Ϯ.ϱ.Ϯ. 
 

 

2.2.3.3 Cell ĐǇĐle aŶalǇsis ďǇ floǁ ĐǇtoŵetƌǇ  

ϮǆϭϬϰ Đells peƌ ǁell ǁeƌe seeded oŶ a ϲ ǁell plate. Ϯϰ houƌs afteƌ seediŶg, Đells ǁeƌe tƌeated ǁith 
iŶhiďitoƌs oƌ iŶfeĐted ǁith ǀiƌus. Foƌ haƌǀestiŶg, the Đells ǁeƌe tƌǇpsiŶized, tƌaŶsfeƌƌed iŶto FACS tuďes 
aŶd spuŶ doǁŶ. TheŶ, Đells ǁeƌe ǁashed Ϯ tiŵes ǁith PBS aŶd fiǆed ǁith ϳϬ% iĐe Đold ethaŶol at ϰ°C 
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foƌ ϭϮ houƌs oƌ at -ϮϬ°C foƌ ϭ houƌs. Afteƌ fiǆatioŶ, Đells ǁeƌe ǁashed ǁith PBS-ϭ % BSA aŶd total DNA 
ǁas staiŶed ǁith ϰ µg/ŵl ϳ-AAD. ϱϬϬϬ eǀeŶts ǁeƌe ƌeĐoƌded oŶ the floǁ ĐǇtoŵeteƌ usiŶg a loǁ speed. 
Data ǁeƌe aŶalǇzed usiŶg the FloǁJo softǁaƌe.  

 

 

2.2.4 Viƌus geŶeƌatioŶ aŶd pƌoduĐtioŶ 

2.2.4.1 TƌaŶsfeĐtioŶ of liŶeaƌized, ǀiƌal plasŵids  

To geŶeƌate ǀiƌus, Ϯ,ϱǆϭϬϰ aŶd ϱǆϭϬϰ HEKϮϵϯ Đells ǁeƌe seeded oŶ Ϯϰ ǁell aŶd ϭϮ ǁell plates, 
ƌespeĐtiǀelǇ. Afteƌ Ϯϰ houƌs, Đells ǁeƌe tƌaŶsfeĐted ǁith liŶeaƌized ǀiƌal plasŵid DNA usiŶg FuGeŶe®. 
Theƌefoƌe, a FuGeŶe® to DNA ƌatio of ϯ:Ϯ ǁith a total DNA aŵouŶt of Ϯ µg ǁas used. Ϯϱ µl oƌ ϱϬ µl of 
the tƌaŶsfeĐtioŶ ŵiǆtuƌe ǁeƌe added to the Đells oŶ Ϯϰ ǁell oƌ ϭϮ ǁell plates, ƌespeĐtiǀelǇ, aŶd ŵediuŵ 
ǁas ĐhaŶged afteƌ Ϯϰ houƌs.  

 

 

2.2.4.2 GeŶeƌatioŶ of Đƌude ǀiƌus stoĐks  

Afteƌ suĐĐessful tƌaŶsfeĐtioŶ, a ĐǇtopathiĐ effeĐt ;CPEͿ ďeĐaŵe ǀisiďle oŶ daǇ ϳ to ϭϰ. Cells aŶd 
supeƌŶataŶt ǁeƌe haƌǀested aŶd applied to ϯ fƌeeze aŶd thaǁ ĐǇĐles ďefoƌe ĐeŶtƌifuged at ϲϬϬ g foƌ ϱ 
ŵiŶutes. Viƌus ĐoŶtaiŶiŶg supeƌŶataŶt ǁas tƌaŶsfeƌƌed iŶto a Ŷeǁ tuďe. ϮϬϬ µl ǁeƌe used foƌ ƌeiŶfeĐtioŶ 
of HEKϮϵϯ oŶ oŶe ϭϱ Đŵ Đell Đultuƌe plate, ƌesidual supeƌŶataŶt ǁas ŵiǆed ǁith ϮϬϬ µl glǇĐeƌiŶ, 
aliƋuoted aŶd stoƌed as Gϭ stoĐk at -ϴϬ° C. As sooŶ as the ƌeiŶfeĐted Đells shoǁed a CPE, Đells aŶd 
supeƌŶataŶt ǁeƌe haƌǀested. Afteƌ thƌee fƌeeze aŶd thaǁ ĐǇĐles, Đells aŶd supeƌŶataŶt ǁeƌe 
ĐeŶtƌifuged at ϲϬϬ g foƌ ϱ ŵiŶutes. The supeƌŶataŶt ǁas ŵiǆed ǁith ϮϬϬ µl glǇĐeƌol, aliƋuoted aŶd 
stoƌed as GϮ stoĐk at -ϴϬ° C.  

 

 

2.2.4.3 Viƌus pƌoduĐtioŶ 

Foƌ ǀiƌus pƌoduĐtioŶ, HEKϮϵϯ Đells ǁeƌe fƌeshlǇ thaǁed. HEKϮϵϯ Đells ǁeƌe pƌepaƌed at a ĐoŶflueŶĐǇ 
of ϴϬ % oŶ ϮϬ ϭϱĐŵ Đell Đultuƌe plates. Foƌ iŶfeĐtioŶ, ϮϬ MOI of the GϮ stoĐk diluted iŶ ϰ ŵl DMEM 
iŶfeĐtioŶ ŵediuŵ peƌ Đell Đultuƌe dish ǁeƌe used. Afteƌ oŶe houƌ of iŶfeĐtioŶ, ϭϬ ŵl DMEM gƌoǁth 
ŵediuŵ ǁeƌe added oŶ eǀeƌǇ plate. ϰϱ-ϱϬ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe ĐaƌefullǇ ƌiŶsed of the Đell 
Đultuƌe plate. Viƌus ĐoŶtaiŶiŶg Đells ǁeƌe pelleted at ϭϬϬϬ g foƌ ϱ ŵiŶutes aŶd supeƌŶataŶt ǁas 
ǁithdƌaǁŶ. Cell pellets ǁeƌe ƌesuspeŶded iŶ ϴ ŵl lǇsis ďuffeƌ aŶd stoƌed at -ϴϬ° C uŶtil Đaesiuŵ Đhloƌide 
puƌifiĐatioŶ. 
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2.2.4.4 Viƌus puƌifiĐatioŶ usiŶg Đaesiuŵ Đhloƌide deŶsitǇ gƌadieŶt 

To ƌelease the ǀiƌus fƌoŵ the Đells, the HEKϮϵϯ Đell pellet ;see Ϯ.Ϯ.ϰ.ϯͿ ǁas ƌepeatedlǇ fƌozeŶ aŶd 
thaǁed foƌ thƌee tiŵes to destƌoǇ the Đells. The solutioŶ ǁas ĐeŶtƌifuged at ϯϬϬϬ g foƌ ϭϱ ŵiŶutes to 
sepaƌate the ǀiƌus fƌoŵ the Đell deďƌis. The ǀiƌus ĐoŶtaiŶiŶg supeƌŶataŶt ǁas tƌaŶsfeƌƌed iŶto a Ŷeǁ 
tuďe aŶd iŶĐuďated ǁith ϭϮ.ϱ U/ŵl BeŶzoŶase aŶd ϭ ŵM MgClϮ foƌ Ϯ houƌs at ƌooŵ teŵpeƌatuƌe to 
digest the ƌeŵaiŶiŶg Đellulaƌ DNA. Afteƌǁaƌds, the ǀiƌus ǁas puƌified iŶ a Đaesiuŵ Đhloƌide deŶsitǇ 
gƌadieŶt. Theƌefoƌe, the gƌadieŶt ǁas ďuilt iŶ aŶ ultƌaĐeŶtƌifugatioŶ tuďe usiŶg ϭϳ ŵl of ϭ.ϯϯ g/ŵl 
Đaesiuŵ Đhloƌide solutioŶ aŶd ϵ ŵl of ϭ.ϰϱ g/ŵl Đaesiuŵ Đhloƌide solutioŶ. The ǀiƌus solutioŶ ǁas 
ĐaƌefullǇ added oŶ top of the gƌadieŶt aŶd tuďes ǁeƌe ĐeŶtƌifuged iŶ aŶ ultƌaĐeŶtƌifuge at ϱϯ ϬϬϬ g foƌ 
ϯ h at ϭϬ°C. The ǀiƌus ďaŶd ǁas takeŶ off usiŶg a sǇƌiŶge aŶd applied to a seĐoŶd Đaesiuŵ Đhloƌide 
deŶsitǇ gƌadieŶt foƌ fuƌtheƌ puƌifiĐatioŶ. Theƌefoƌe, the gƌadieŶt ǁas ĐeŶtƌifuged foƌ ϭϴ h. FiŶallǇ, the 
puƌified ǀiƌus ďaŶd ǁas takeŶ off, finally desalted using disposable PD-10 desalting columns. Viruses 

were obtained in virus storage buffer aŶd aliƋuots ǁeƌe stoƌed at -ϴϬ° C.  
 
 

2.2.5 IŶ vitro assaǇs usiŶg ǀiƌus 

2.2.5.1 IŶfeĐtioŶ of Đells ǁith ǀiƌus  

Ϯϰ houƌs ďefoƌe ǀiƌus iŶfeĐtioŶ, Đells ǁeƌe seeded at ĐoŶĐeŶtƌatioŶs of ϮǆϭϬϰ, ϱǆϭϬϰ, ϭǆϭϬϱ, ϭǆϭϬϲ 
Đells oŶ Ϯϰ ǁell, ϭϮ ǁell, ϲ ǁell aŶd ϭϬ Đŵ dish, ƌespeĐtiǀelǇ. Viƌuses ǁeƌe thaǁed oŶ iĐe aŶd 
appƌopƌiate ǁoƌkiŶg dilutioŶs ǁeƌe pƌepaƌed fƌeshlǇ usiŶg iŶfeĐtioŶ ŵediuŵ. Foƌ iŶfeĐtioŶ, gƌoǁth 
ŵediuŵ ǁas aspiƌed aŶd Đells ǁeƌe iŶfeĐted iŶ ƌeduĐed ǀoluŵe of iŶfeĐtioŶ ŵediuŵ ĐoŶtaiŶiŶg the 
diluted ǀiƌus. Cells oŶ Ϯϰ ǁell, ϭϮ ǁell, ϲ ǁell oƌ ϭϬ Đŵ dish ǁeƌe iŶfeĐted ǁith ϭϱϬµl, ϮϬϬµl, ϮϬϬµl, Ϯŵl, 
ƌespeĐtiǀelǇ. Cells ǁeƌe sǁaǇed eǀeƌǇ ϭϱ ŵiŶutes foƌ oŶe houƌ aŶd iŶfeĐtioŶ ǁas teƌŵiŶated ďǇ addiŶg 
gƌoǁth ŵediuŵ to the Đells.  

Foƌ iŶfeĐtioŶ ǁith ŵagŶetiĐ ŶaŶopaƌtiĐles, ϭǆϭϬϰ Đells ǁeƌe seeded oŶ a ϭϮ ǁell plate iŶ ϭ ŵl gƌoǁth 
ŵediuŵ Ϯϰ houƌs ďefoƌe tƌeatŵeŶt. Foƌ ĐoatiŶg of ǀiƌal paƌtiĐles, a ƌatio of ϱ fg ŵagŶetiĐ ŶaŶopaƌtiĐles 
;PEI-MagϮͿ peƌ ǀiƌal paƌtiĐle ǁas used. Theƌefoƌe, the ǀiƌus ǁas diluted to aŶ appƌopƌiate ĐoŶĐeŶtƌatioŶ 
usiŶg DMEM aŶd the ŶaŶopaƌtiĐles ǁeƌe diluted iŶ steƌile deioŶized ǁateƌ. ϵϬ µl of diluted ǀiƌus ǁas 
added to ϭϬ µl of ŵagŶetiĐ ŶaŶopaƌtiĐles, ĐaƌefullǇ ŵiǆed ďǇ pipettiŶg up aŶd doǁŶ aŶd iŶĐuďated at 
ƌooŵ teŵpeƌatuƌe foƌ ϭϱ ŵiŶutes. TheŶ, a ŵagŶetiĐ field ǁas applied ďǇ positioŶiŶg the Đell Đultuƌe 
plate oŶ a ϭϮ ǁell ŵagŶetiĐ plate. The Đoated ǀiƌus ǁas added to the Đells aŶd iŶĐuďated foƌ ϭϱ ŵiŶutes. 
FiŶallǇ, Đell Đultuƌe plates ǁeƌe put ďaĐk iŶ the iŶĐuďatoƌ.  
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2.2.5.2 PoteŶĐǇ assaǇ 

ϱǆϭϬϰ Đells ǁeƌe seeded oŶ a ϭϮ ǁell plate. Ϯϰ houƌs afteƌ seediŶg, Đells ǁeƌe tƌeated as desiƌed. 
Fouƌ daǇs afteƌ iŶfeĐtioŶ, the ŵediuŵ ǁas aspiƌed, Đells ǁeƌe ǁashed thƌee tiŵes ǁith PBS aŶd fiǆed 
foƌ ϯϬ ŵiŶutes at ϰ° C usiŶg ϭ ŵl iĐe Đold ϭϬ % TCA. TheŶ TCA ǁas ƌeŵoǀed aŶd Đell laǇeƌs ǁeƌe ǁashed 
fouƌ tiŵes ǁith tap ǁateƌ. Cells ǁeƌe staiŶed ǁith ϭ ŵl of Ϭ.ϱ % SRB solutioŶ foƌ ϯϬ ŵiŶutes. UŶďouŶd 
SRB ǁas ƌeŵoǀed ďǇ ǁashiŶg fiǀe tiŵes ǁith ϭ % aĐetiĐ aĐid aŶd plates ǁeƌe aiƌ dƌied. Dƌied plates 
ǁeƌe sĐaŶŶed aŶd ďouŶd SRB ǁas soluďilized iŶ ϭ ŵl ϭϬ ŵM Tƌis ďase aŶd diluted ϭ:ϭϬ ǁith PBS iŶ a 
ϵϲ ǁell plate. FiŶallǇ, SRB aďsoƌďaŶĐe ǁas ŵeasuƌed at ϱϲϬ Ŷŵ usiŶg the plate ƌeadeƌ pƌotoĐol SRB-
aďsoƌďaŶĐe ϱϲϬ Ŷŵ Ϭ.ϭ s.  

 

 

2.2.5.3 AŶalǇsis of ǀiƌal ƌepliĐatioŶ 

Foƌ aŶalǇsis of ǀiƌal ƌepliĐatioŶ, ϭǆϭϬϱ Đells ǁeƌe seeded oŶ a ϲ ǁell Đell Đultuƌe dish aŶd iŶfeĐted 
the Ŷeǆt daǇ ǁith ǀaƌious MOIs as desĐƌiďed iŶ Ϯ.Ϯ.ϱ.ϭ. ϰ, Ϯϰ, ϰϴ aŶd ϳϮ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe 
ǁashed ǁith PBS aŶd DNA lǇsates ǁeƌe pƌepaƌed as desĐƌiďed iŶ Ϯ.Ϯ.ϭ.ϯ. Fiďeƌ DNA ǁas ƋuaŶtified ďǇ 
peƌfoƌŵiŶg a fiďeƌ ƋPCR ;Ϯ.Ϯ.ϭ.ϵͿ.  

 

 

2.2.5.4 QuiĐk titeƌ test 

To aŶalǇze the titeƌ of the GϮ stoĐk, ϱǆϭϬϱ HEKϮϵϯ Đells ǁeƌe seeded oŶ tǁo ϲ ǁell Đell Đultuƌe plates. 
Ϯϰ houƌs afteƌ seediŶg, Đells ǁeƌe iŶfeĐted ǁith ϭ, ϯ, ϱ, ϭϬ, ϭϱ, ϮϬ, ϱϬ, ϭϬϬ aŶd ϮϬϬ µl of ϭ:ϭϬ diluted 
GϮ stoĐk. UŶiŶfeĐted Đells seƌǀed as ĐoŶtƌol. Cells ǁeƌe oďseƌǀed uŶdeƌ the ŵiĐƌosĐope dailǇ. As sooŶ 
as ϭϬϬ % CPE ǁas ǀisiďle iŶ oŶe of the iŶfeĐted ǁells, the titeƌ ǁas ĐalĐulated aĐĐoƌdiŶg to the used 
iŶfeĐtioŶ ǀoluŵe.  

 

 

2.2.5.5 Viƌal paƌtiĐle foƌŵatioŶ  

ϱǆϭϬϰ MBϰϵ Đells ǁeƌe seeded oŶ a ϲ ǁell plate aŶd Ϯϰ houƌs lateƌ, the Đells ǁeƌe tƌeated ǁith 
iŶhiďitoƌ oƌ left uŶtƌeated as desĐƌiďed iŶ Ϯ.Ϯ.ϯ.ϭ. Afteƌ aŶotheƌ Ϯϰ houƌs, the Đells ǁeƌe iŶfeĐted ǁith 
ϮϬϬ MOI of iŶdiĐated ǀiƌuses. At ϳϮ houƌs afteƌ iŶfeĐtioŶ, Đells aŶd supeƌŶataŶt ǁeƌe haƌǀested, aŶd 
ǀiƌuses ǁeƌe ƌeleased fƌoŵ Đells ďǇ thƌee thaǁ-fƌeeze ĐiƌĐles. FiŶallǇ, saŵples ǁeƌe ĐeŶtƌifuged foƌ ϱ 
ŵiŶutes at ϭϬϬϬ g aŶd foƌŵatioŶ of ǀiƌal paƌtiĐles ǁas ƋuaŶtified ďǇ peƌfoƌŵiŶg aŶd heǆoŶ titeƌ test as 
desĐƌiďed iŶ Ϯ.Ϯ.ϱ.ϱ.  
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2.2.5.6 HeǆoŶ titeƌ test 

Loǁ passage HEKϮϵϯ Đells ǁeƌe seeded oŶ a Ϯϰ ǁell plate at a ĐoŶĐeŶtƌatioŶ of ϮǆϭϬϱ Đells peƌ ǁell 
iŶ ϱϬϬ µl. Puƌified ǀiƌus ǁas added to HEKϮϵϯ iŶ dilutioŶs ƌaŶgiŶg fƌoŵ ϭϬ-ϭ to ϭϬ-ϲ iŶ ǀoluŵes of ϭϬ µl 
aŶd ϱϬ µl. Afteƌ ϰϬ to ϰϴ houƌs, HEKϮϵϯ Đells ǁeƌe fiǆed aŶd staiŶed aĐĐoƌdiŶg to the AdEasǇ Viƌal Titeƌ 
Kit iŶstƌuĐtioŶ ŵaŶual ;AgileŶt TeĐhŶologies,ϵϳϮϱϬϬͿ.  
 

 

2.2.5.7 IFNγ-ĐoĐultuƌe assaǇ  

PBMCs ǁeƌe isolated fƌoŵ ǁhole ďlood ďǇ FiĐoll deŶsitǇ gƌadieŶt sepaƌatioŶ. PBMCs ǁeƌe ĐouŶted 
aŶd Đultuƌed oŶ ϭϱ Đŵ dishes foƌ Ϯ daǇs uŶdeƌ ILϮ stiŵulatioŶ ;ϭϬϬ U/ŵlͿ. OŶ the thiƌd daǇ, PBMCs 
ǁeƌe ĐeŶtƌifuged, ƌesuspeŶded iŶ fƌesh ŵediuŵ aŶd Đultuƌed foƌ aŶotheƌ ϯ daǇs. OŶ the saŵe daǇ, ϱϬ 
ϬϬϬ UMUCϯ Đells peƌ ǁell ǁeƌe plated oŶ a ϭϮ ǁell plate. Afteƌ Ϯϰ houƌs, UMUCϯ Đells ǁeƌe iŶfeĐted 
ǁith ǀaƌious doses of diffeƌeŶt ǀiƌuses, tƌeated ǁith ϭϬϬ Ŷg/ŵl LPS oƌ left uŶtƌeated. OŶ daǇ siǆ, UMUCϯ 
Đells ǁeƌe tƌeated ǁith ϭϬ µg/ŵl aPD-Lϭ aŶtiďodǇ oƌ left uŶtƌeated aŶd ϭ ŵillioŶ PBMCs ǁeƌe added 
to eaĐh ǁell. UMUCϯ Đells aŶd PBMCs ǁeƌe ĐoĐultuƌed foƌ ϰϴ houƌs. TheŶ, the Đell fƌee supeƌŶataŶt 
ǁas aŶalǇzed foƌ the IFNǇ ĐoŶteŶt usiŶg aŶ IFNǇ ELISA. The ELISA ǁas peƌfoƌŵed aĐĐoƌdiŶg to the 
BioLegeŶd IFNǇ Kit iŶstƌuĐtioŶ ŵaŶual.  
 
 

2.2.6 PƌoteiŶ ďioĐheŵiĐal ŵethods 

2.2.6.1 PƌepaƌatioŶ of Đellulaƌ pƌoteiŶ lǇsates 

The eŶtiƌe pƌoĐeduƌe ǁas stƌiĐtlǇ Đaƌƌied out oŶ iĐe. Cells ǁeƌe ǁashed ϯ tiŵes ǁith iĐe Đold PBS 
aŶd lǇsed usiŶg Đold pƌoteiŶ lǇsis ďuffeƌ ĐoŶtaiŶiŶg phosphatase aŶd pƌotease iŶhiďitoƌs. ϱϬϬ µl aŶd 
ϭϬϬ µl lǇsis ďuffeƌ ǁeƌe used foƌ ϭϬ Đŵ aŶd ϲ ǁell plates, ƌespeĐtiǀelǇ. Cells ǁeƌe haƌǀested usiŶg Đell 
sĐƌapeƌs aŶd the lǇsate ǁas tƌaŶsfeƌƌed to a ŵiĐƌoĐeŶtƌifuge tuďe. WheŶ usiŶg RIPA pƌoteiŶ lǇsis ďuffeƌ 
oƌ IP pƌoteiŶ lǇsis ďuffeƌ, saŵples ǁeƌe iŶĐuďated iŶ a ƌotatoƌ at ϰ° C foƌ ϭϬ ŵiŶutes. WheŶ usiŶg SDS 
pƌoteiŶ lǇsis ďuffeƌ, saŵples ǁeƌe sheaƌed to disƌupt DNA pƌoteiŶ Đoŵpleǆes usiŶg a Ϯϳ-gauge Ŷeedle 
uŶtil Ŷo ǀisĐositǇ ǁas oďseƌǀed. LǇsates ǁeƌe ĐeŶtƌifuged at ϯϬ ϬϬϬ g foƌ ϯϬ ŵiŶutes at ϰ° C iŶ a pƌe-
Đooled ĐeŶtƌifuge. SupeƌŶataŶt ǁas tƌaŶsfeƌƌed iŶto a fƌesh tuďe aŶd used eitheƌ iŵŵediatelǇ oƌ stoƌed 
at -ϴϬ° C.  
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2.2.6.2 IŵŵuŶopƌeĐipitatioŶ 

The eŶtiƌe pƌoĐeduƌe ǁas stƌiĐtlǇ Đaƌƌied out oŶ iĐe. Foƌ iŵŵuŶopƌeĐipitatioŶ agaiŶst hPD-Lϭ, ϰϬ µl 
ƌesiŶ peƌ saŵple ǁeƌe used. ResiŶ ǁas ǁashed thƌee tiŵes ǁith IP lǇsis ďuffeƌ. Afteƌ the thiƌd ǁashiŶg 
step, ďeads ǁeƌe ƌesuspeŶded iŶ ϭ ŵl IP lǇsis ďuffeƌ aŶd iŶĐuďated ǁith Ϯ,ϱ µg of aPD-Lϭ-aŶtiďodǇ peƌ 
saŵple iŶ a ƌotatoƌ at ϰ° C foƌ ϰ houƌs oƌ oǀeƌŶight. UŶďouŶd aŶtiďodǇ ǁas ƌeŵoǀed ďǇ ǁashiŶg ϯ 
tiŵes ǁith IP lǇsis ďuffeƌ aŶd ďeads ǁeƌe ƌesuspeŶded iŶ ϮϬϬ µl IP lǇsis ďuffeƌ peƌ saŵple. Cellulaƌ 
pƌoteiŶ lǇsates ǁeƌe pƌepaƌed usiŶg IP lǇsis ďuffeƌ as desĐƌiďed iŶ Ϯ.Ϯ.ϲ.ϭ. aŶd ϱϬϬ µg lǇsed pƌoteiŶ iŶ 
a total ǀoluŵe of ϴϬϬ µl ǁeƌe used foƌ iŵŵuŶopƌeĐipitatioŶ oǀeƌŶight at ϰ° C. UŶďouŶd pƌoteiŶ ǁas 
ƌeŵoǀed ďǇ ǁashiŶg ϯ tiŵes ǁith PBS. BouŶd pƌoteiŶ ǁas eluted ďǇ addiŶg ϱϬ µl of IP elutioŶ ďuffeƌ 
aŶd heatiŶg up the saŵples to ϭϬϬ°C foƌ ϱ ŵiŶ. FiŶallǇ, ďeads ǁeƌe pelleted aŶd lǇsate ǁas used 
iŵŵediatelǇ foƌ sodiuŵ dodeĐǇl sulfate polǇaĐƌǇlaŵide gel eleĐtƌophoƌesis ;SDS-PAGEͿ. 

 

 

2.2.6.3 QuaŶtifiĐatioŶ of pƌoteiŶ ĐoŶĐeŶtƌatioŶ aŶd saŵple pƌepaƌatioŶ 

PƌoteiŶ ĐoŶĐeŶtƌatioŶ ǁas ƋuaŶtified usiŶg the BCA assaǇ aĐĐoƌdiŶg to ŵaŶufaĐtuƌeƌ͛s pƌotoĐol iŶ 
a ϵϲ ǁell foƌŵat. Foƌ the ŵeasuƌeŵeŶt, all saŵples ǁeƌe pƌepaƌed iŶ dupliĐates aŶd iŶĐuďated ǁithiŶ 
the ǁoƌkiŶg ƌeageŶt foƌ ϯϬ ŵiŶutes at ϯϳ° C. ϯϬ µl of the pƌoteiŶ lǇsate ŵiǆed ǁith ϭϬ µl of ϰǆ loadiŶg 
ďuffeƌ aŶd DTT ǁeƌe used foƌ eaĐh SDS-PAGE. Saŵples ǁeƌe deŶatuƌed at ϭϬϬ° C foƌ ϱ ŵiŶutes aŶd 
ǁeƌe eitheƌ used iŵŵediatelǇ oƌ stoƌed at -ϮϬ° C.  

 

 

2.2.6.4 IŵŵuŶoďlottiŶg 

2.2.6.4.1 Sodiuŵ dodeĐǇl sulfate polǇaĐƌǇlaŵide gel eleĐtƌophoƌesis ;SDS-
PAGEͿ 

Foƌ pƌoteiŶ sepaƌatioŶ, polǇaĐƌǇlaŵide gels ǁeƌe haŶd Đast usiŶg gel ĐastiŶg Đhaŵďeƌs. ϴ, ϭϬ oƌ ϭϮ % 
sepaƌatiŶg gels aŶd staĐkiŶg gels ǁeƌe pƌepaƌed as desĐƌiďed iŶ Taďle ϴ aŶd ϵ. The sepaƌatiŶg gel ǁas 
Đoǀeƌed ǁith Ϯ ŵl isopƌopaŶol duƌiŶg polǇŵeƌizatioŶ to eŶsuƌe a shaƌk deŵaƌĐatioŶ. OŶĐe the 
sepaƌatiŶg gel ǁas polǇŵeƌized, the isopƌopaŶol ǁas ƌeŵoǀed, the staĐkiŶg gel ǁas pouƌed aŶd a Đoŵď 
ǁas iŶseƌted. Afteƌ Đoŵplete polǇŵeƌizatioŶ, gels ǁeƌe fiǆed iŶto the eleĐtƌophoƌesis asseŵďlǇ aŶd 
loaded ǁith ϰϬ µl of pƌoteiŶ saŵple peƌ ǁell. EleĐtƌophoƌesis ǁas Đaƌƌied out at ϵϬ V uŶtil pƌoteiŶs 
eŶteƌed the sepaƌatiŶg gel. EleĐtƌophoƌesis ǁas ĐoŶtiŶued uŶtil loadiŶg fƌoŶt ǁas ƌuŶŶiŶg out at ϭϱϬ V.  
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Taďle ϴ: CoŵpositioŶ of sepaƌatioŶ gel. 

IŶgƌedieŶt ϴ% ϭϬ% ϭϮ% 

HϮO [ŵl] ϰ.ϳϴ ϰ.ϭϮ ϯ.ϰϱ 

ϭ.ϱM Tƌis pH ϴ.ϴ[ŵl] Ϯ.ϱ Ϯ.ϱ Ϯ.ϱ 

ϯϬ% aĐƌǇlaŵide/Bis-aĐƌǇlaŵide solutioŶ [ŵl] Ϯ.ϲϳ ϯ.ϯϯ ϰ 

ϭϬ% APS [µl] ϱϬ ϱϬ ϱϬ 

TEMED [µl] ϭϬ ϭϬ ϭϬ 

Total ϭϬŵl ϭϬŵl ϭϬŵl 
 

 

Taďle ϵ: CoŵpositioŶ of staĐkiŶg gel.  

IŶgƌedieŶt Voluŵe 

HϮO [ŵl] ϯ.Ϭϳ 

Ϭ.ϱM Tƌis pH ϴ.ϴ [ŵl] ϭ.Ϯϱ 

ϯϬ% aĐƌǇlaŵide/Bis-aĐƌǇlaŵide solutioŶ [ŵl] Ϭ.ϲϱ 

ϭϬ% APS [µl] Ϯϱ 

TEMED [µl] ϱ 

Total ϱ 

 

2.2.6.4.2 TƌaŶsfeƌ aŶd ďloĐkiŶg 

FolloǁiŶg eleĐtƌophoƌesis, pƌoteiŶs ǁeƌe tƌaŶsfeƌƌed oŶto a PVDF ŵeŵďƌaŶe that ǁas aĐtiǀated iŶ 
a ŵethaŶol ďath foƌ ϱ ŵiŶutes. SpoŶges aŶd ďlottiŶg papeƌ ǁeƌe iŶĐuďated iŶ ďlottiŶg ďuffeƌ. The gel 
aŶd the ŵeŵďƌaŶe ǁeƌe asseŵďled iŶ ďetǁeeŶ tǁo laǇeƌs of ďlottiŶg papeƌ aŶd spoŶges. PƌoteiŶs 
ǁeƌe tƌaŶsfeƌƌed foƌ ϭ to Ϯ houƌs at ϭϬϬ V usiŶg Đold ďlottiŶg ďuffeƌ. FolloǁiŶg the tƌaŶsfeƌ, ŵeŵďƌaŶes 
ǁeƌe ďloĐked foƌ ŶoŶspeĐifiĐ ďiŶdiŶg iŶ ďloĐkiŶg ďuffeƌ foƌ ϭ houƌ at ƌooŵ teŵpeƌatuƌe. 

 

 

2.2.6.4.3 IŵŵuŶodeteĐtioŶ 

PƌiŵaƌǇ aŶtiďodies ǁeƌe diluted as ƌeƋuiƌed iŶ aŶtiďodǇ dilutioŶ ďuffeƌ. MeŵďƌaŶes ǁeƌe iŶĐuďated 
iŶ pƌiŵaƌǇ aŶtiďodǇ solutioŶ oǀeƌŶight at ϰ° C oƌ foƌ ϭ houƌ at ƌooŵ teŵpeƌatuƌe. Afteƌ ǁashiŶg ϯ to ϱ 
tiŵes ǁith TBS-T, ŵeŵďƌaŶes ǁeƌe iŶĐuďated ǁith seĐoŶdaƌǇ aŶtiďodǇ diluted iŶ ďloĐkiŶg solutioŶ foƌ 
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ϯϬ ŵiŶutes at ƌooŵ teŵpeƌatuƌe. Afteƌ ϯ to ϱ fuƌtheƌ ǁashiŶg steps ǁith TBS-T, pƌoteiŶs ǁeƌe deteĐted 
usiŶg the ECL ƌeaĐtioŶ aŶd ĐheŵiluŵiŶesĐeŶt sigŶal ǁas ǀisualized usiŶg autoƌadiogƌaphǇ filŵs. 

 

 

2.2.7 IŵŵuŶofluoƌesĐeŶĐe staiŶiŶg  

Coǀeƌslips ǁeƌe plaĐed iŶ Ϯϰ ǁell plates, Đoǀeƌed ǁith ethaŶol foƌ ϱ ŵiŶutes aŶd ǁashed ǁith steƌile 
PBS. The Đells ǁeƌe seeded at the desiƌed deŶsitǇ ;ƌaŶgiŶg fƌoŵ ϱϬϬϬ to ϭϬϬϬϬ Đells/ǁellͿ oŶto the 
Đoǀeƌslips. Afteƌ Ϯϰ houƌs, Đells ǁeƌe iŶfeĐted ǁith desiƌed MOIs of ǀaƌious ǀiƌuses oƌ left uŶiŶfeĐted. 
Afteƌ Ϯϰ to ϰϴ houƌs of tƌeatŵeŶt, Đells ǁeƌe fiǆed. Theƌefoƌe, the ŵediuŵ ǁas aspiƌed aŶd Đells ǁeƌe 
geŶtlǇ ǁashed ǁith PBS. Cells ǁeƌe fiǆed ǁith iĐe Đold ŵethaŶol:aĐetoŶ ;ϭ:ϭͿ fiǆatiǀe solutioŶ foƌ ϮϬ 
ŵiŶutes at -ϮϬ° C. The fiǆatiǀe solutioŶ ǁas aspiƌed aŶd Đells ǁeƌe aiƌ dƌied foƌ ϰϱ ŵiŶutes. To ďloĐk 
uŶspeĐifiĐ ďiŶdiŶg sites, Đells ǁeƌe iŶĐuďated ǁith ϱϬϬ µl ďloĐkiŶg solutioŶ peƌ ǁell foƌ ϯϬ ŵiŶutes at 
ƌooŵ teŵpeƌatuƌe. Afteƌ thƌee ǁashiŶg steps ǁith PBS, staiŶiŶg ǁith the pƌiŵaƌǇ aŶtiďodǇ ǁas 
peƌfoƌŵed iŶ ϭϱϬ µl ďloĐkiŶg solutioŶ foƌ ϭ houƌ at ƌooŵ teŵpeƌatuƌe. UŶďouŶd aŶtiďodǇ ǁas ƌeŵoǀed 
ďǇ ǁashiŶg thƌee tiŵes ǁith PBS. StaiŶiŶg ǁith the seĐoŶdaƌǇ aŶtiďodǇ ǁas also doŶe iŶ ϭϱϬ µl ďloĐkiŶg 
solutioŶ foƌ ŵaǆiŵuŵ ϭ houƌ at ƌooŵ teŵpeƌatuƌe iŶ the daƌk. Afteƌ ϯ ǁashiŶg steps ǁith PBS, DNA 
ǁas staiŶed ǁith DAPI aŶd Đells ǁeƌe agaiŶ ǁashed ǁith PBS foƌ ϯ tiŵes. FiŶallǇ, Đoǀeƌ slips ǁeƌe fiǆed 
oŶ glass slides usiŶg ǁateƌ ďased ŵouŶtiŶg ŵedia. IŵŵuŶofluoƌesĐeŶĐe staiŶiŶg ǁas iŵŵediatelǇ 
aŶalǇzed uŶdeƌ the ŵiĐƌosĐope oƌ stoƌed at ϰ°C.  

 

 

2.2.8 IŶ vivo eǆpeƌiŵeŶts  

ϳ-ǁeek old athǇŵiĐ FoǆŶϭŶu/Ŷu ŵiĐe aŶd CϱϳBLϲ ǁeƌe puƌĐhased fƌoŵ Chaƌles Riǀeƌ aŶd kept at the 
aŶiŵal faĐilitǇ of the TeĐhŶiĐal UŶiǀeƌsitǇ of MuŶiĐh. MiĐe ǁeƌe kept iŶ IVCs iŶ gƌoups of ŵaǆiŵuŵ ϱ 
aŶiŵals peƌ Đage foƌ oŶe ǁeek to adjust to the eŶǀiƌoŶŵeŶt ďefoƌe the eǆpeƌiŵeŶt ǁas staƌted. All 
aŶiŵal eǆpeƌiŵeŶts ǁeƌe peƌfoƌŵed iŶ aĐĐoƌdaŶĐe ǁith the GeƌŵaŶ laǁ. The pƌotoĐol ǁas appƌoǀed 
ďǇ the DistƌiĐt GoǀeƌŶŵeŶt of uppeƌ Baǀaƌia.  

 

 

2.2.8.1 OƌthotopiĐ, iŶtƌaŵuƌal iŶjeĐtioŶ of tuŵoƌ Đells iŶto the ďladdeƌ  

IŶjeĐtioŶs ǁeƌe peƌfoƌŵed aĐĐoƌdiŶg to the puďlished pƌotoĐol fƌoŵ ;Jägeƌ et al. ϮϬϭϰͿ. IŶ ďƌief, ϴϬ % 
ĐoŶflueŶt Đells ǁeƌe passaged ϭ:ϯ to ϭ:Ϯ oŶe daǇ ďefoƌe in vivo iŶjeĐtioŶs. Foƌ iŶjeĐtioŶs, Đells ǁeƌe 
haƌǀested aŶd ĐouŶted as desĐƌiďed iŶ Ϯ.Ϯ.Ϯ.Ϯ. Desiƌed aŵouŶts of Đells ǁeƌe tƌaŶsfeƌƌed iŶto a Ŷeǁ 
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tuďe, ĐeŶtƌifuged aŶd ƌesuspeŶded iŶ a PBS-Matƌigel ŵiǆtuƌe ;ϭ:ϭ ƌatioͿ iŶ oƌdeƌ to ƌeaĐh the desiƌed 
Đell ĐoŶĐeŶtƌatioŶ. The folloǁiŶg Đell Ŷuŵďeƌs ǁeƌe used:  

 

 

Mouse ŵodel Cell Ŷuŵďeƌ 

UMUCϯ, FoǆNϭŶu/Ŷu ϮϬϬϬϬϬ Đells iŶ ϱϬµl Matƌigel:PBS 

MBϰϵ, CϱϳBLϲ ϳϬϬϬϬ Đells iŶ ϱϬµl Matƌigel:PBS 

MBϰϵ, CϱϳBLϲ ϭϬϬϬϬϬ Đells iŶ ϱϬµl Matƌigel:PBS 

 

 

The iŶjeĐtioŶ ǀoluŵe of tuŵoƌ Đell suspeŶsioŶ ǁas ϱϬ µl peƌ ŵouse. Cells, sǇƌiŶges aŶd Ŷeedles 
ǁeƌe kept oŶ iĐe to aǀoid Matƌigel polǇŵeƌizatioŶ.  

MiĐe ǁeƌe aŶesthetized ǁith ŵedetoŵidiŶe-ŵidazolaŵ-feŶtaŶǇl ŵiǆtuƌe ;MMF, ŵedetoŵidiŶe: 
Ϭ.ϱ ŵg/kg, ŵidazolaŵ: ϱ ŵg/kg, feŶtaŶǇl: Ϭ.Ϭϱ ŵg/kgͿ, pƌopeƌ aŶesthetizatioŶ ǁas ĐoŶfiƌŵed ďǇ toe 
piŶĐhiŶg. MiĐe ǁeƌe ŵouŶted oŶ the iŵagiŶg taďle, a ďladdeƌ staďilizatioŶ stƌap aŶd ultƌasouŶd gel 
ǁeƌe applied aŶd the ďladdeƌ ǁas ǀisualized usiŶg the ultƌasouŶd. Foƌ the sepaƌatioŶ of the ďladdeƌ 
ǁall laǇeƌs, a ϭ.Ϭ ŵl sǇƌiŶge filled ǁith PBS aŶd ĐoŶŶeĐted to a ϯϬ gauge, ¾͞ Ŷeedle ǁas used. WheŶ 
the Ŷeedle ǁas iŶ the ĐoƌƌeĐt positioŶ ďetǁeeŶ ŵusĐle laǇeƌ aŶd ŵuĐosa, steƌile PBS ǁas iŶjeĐted to 
Đƌeate aŶ aƌtifiĐial spaĐe. The Ŷeedle ǁas ǁithdƌaǁŶ aŶd the sǇƌiŶge filled ǁith the tuŵoƌ Đell 
suspeŶsioŶ attaĐhed to a Ŷeǁ ϯϬ gauge, ¾͞ Ŷeedle ǁas put iŶto the sǇƌiŶge Đlaŵp aŶd iŶjeĐted iŶto 
the ŵouse iŶ oƌdeƌ to iŶjeĐt tuŵoƌ Đells iŶto the aƌtifiĐiallǇ geŶeƌated spaĐe. Afteƌ suĐĐessful iŶjeĐtioŶ, 
ŵouse ǁas disŵouŶted fƌoŵ the iŵagiŶg taďle, aŶd kept iŶ a ǁaƌŵ eŶǀiƌoŶŵeŶt uŶdeƌ ĐoŶtiŶuous 
oďseƌǀatioŶ. WheŶ fullǇ ƌeĐoǀeƌed fƌoŵ the aŶesthetiĐ, ŵiĐe ǁeƌe plaĐed ďaĐk iŶ the hoŵe Đage.  

 

 

2.2.8.2 MoŶitoƌiŶg of tuŵoƌ gƌoǁth ďǇ ultƌasouŶd 

MoŶitoƌiŶg of tuŵoƌ gƌoǁth ǁas peƌfoƌŵed at least tǁo tiŵes peƌ ǁeek. Theƌefoƌe, ŵiĐe ǁeƌe 
aŶesthetized ǁith a Ϯ.ϱ % isofluƌaŶe-oǆǇgeŶ ŵiǆtuƌe aŶd pƌopeƌ aŶesthetizatioŶ ǁas ĐoŶfiƌŵed ďǇ toe 
piŶĐhiŶg. The ŵouse ǁas ŵouŶted oŶ the iŵagiŶg taďle, a ďladdeƌ staďilizatioŶ stƌap aŶd ultƌasouŶd 
gel ǁeƌe applied aŶd the ďladdeƌ ǁas ǀisualized usiŶg the ultƌasouŶd. A ϯD ultƌasouŶd ǁas peƌfoƌŵed 
ǁith sĐaŶŶiŶg the ǁhole ďladdeƌ iŶ Ϭ.Ϭϳϲ ŵŵ steps. The tuŵoƌ ǀoluŵe ǁas deteƌŵiŶed usiŶg the 
Visual SoŶiĐs iŵagiŶg softǁaƌe ďǇ aŶalǇziŶg eǀeƌǇ fifth piĐtuƌe aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ͛s ŵaŶual. 
Afteƌ suĐĐessful iŵagiŶg, ŵouse ǁas disŵouŶted fƌoŵ the iŵagiŶg taďle, aŶd kept iŶ a ǁaƌŵ 
eŶǀiƌoŶŵeŶt uŶdeƌ ĐoŶtiŶuous oďseƌǀatioŶ. WheŶ fullǇ ƌeĐoǀeƌed fƌoŵ the aŶesthetiĐ, ŵiĐe ǁeƌe 
plaĐed ďaĐk iŶ the hoŵe Đage.  

Foƌ tuŵoƌ ǀoluŵe ǁas ŵeasuƌed usiŶg the Visual SoŶiĐs iŵagiŶg softǁaƌe ďǇ aŶalǇziŶg eǀeƌǇ fifth 
piĐtuƌe aĐĐoƌdiŶg to the useƌ ŵaŶual ;Jägeƌ et al. ϮϬϭϰͿ.  
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2.2.8.3 IŶtƌatuŵoƌal ǀiƌus iŶjeĐtioŶ 

WheŶ tuŵoƌs ƌeaĐhed aŶ aǀeƌage size of ϮϬ ŵŵϯ, ŵiĐe ǁeƌe tƌeated ǁith ǀiƌus oƌ PBS eǀeƌǇ fouƌth 
daǇ foƌ a total of ϯ tiŵes. Foƌ tƌeatŵeŶt of the tuŵoƌ ǁith ǀiƌus oƌ PBS, ŵiĐe ǁeƌe aŶesthetized ǁith a 
Ϯ.ϱ % isofluƌaŶe-oǆǇgeŶ ŵiǆtuƌe aŶd pƌopeƌ aŶesthetizatioŶ ǁas ĐoŶfiƌŵed ďǇ toe piŶĐhiŶg. The ŵouse 
ǁas ŵouŶted oŶ the iŵagiŶg taďle, a ďladdeƌ staďilizatioŶ stƌap aŶd ultƌasouŶd gel ǁeƌe applied aŶd 
the ďladdeƌ ǁas ǀisualized usiŶg the ultƌasouŶd. A ϭ.Ϭ ŵl sǇƌiŶge filled ǁith ǀiƌus oƌ PBS aŶd ĐoŶŶeĐted 
to a ϯϬ gauge, ¾ ͞Ŷeedle. The Ŷeedle ǁas iŶjeĐted iŶ the ŵiddle of the tuŵoƌ aŶd PBS oƌ ǀiƌus ǁas 
iŶjeĐted ǀeƌǇ sloǁlǇ uŶdeƌ ĐoŶtiŶuous ƌetƌaĐtiŶg of the Ŷeedle. ϯǆϭϬϵ ǀiƌal paƌtiĐles of XViƌ-N-ϯϭ iŶ a 
ǀoluŵe of ϭϬ to ϭϱµl oƌ aŶ eƋual ǀoluŵe of PBS ǁeƌe used foƌ tƌeatŵeŶt. 

Afteƌ suĐĐessful iŶjeĐtioŶ, ŵouse ǁas disŵouŶted fƌoŵ the iŵagiŶg taďle aŶd kept iŶ a ǁaƌŵ 
eŶǀiƌoŶŵeŶt uŶdeƌ ĐoŶtiŶuous oďseƌǀatioŶ. WheŶ fullǇ ƌeĐoǀeƌed fƌoŵ the aŶesthetiĐ, ŵiĐe ǁeƌe 
plaĐed ďaĐk iŶ the hoŵe Đage. 
 

 

2.2.9 Tissue pƌoĐessiŶg aŶd haeŵatoǆǇliŶ & eosiŶ staiŶiŶg  

Tissue ǁas fiǆed iŶ paƌafoƌŵaldehǇde foƌ Ϯϰ to ϳϮ houƌs at ϰ°C, folloǁed ďǇ dehǇdƌatioŶ iŶ the tissue 
pƌoĐessoƌ aŶd eŵďeddiŶg iŶ paƌaffiŶ. ϯ.ϱ µŵ thiĐk seĐtioŶs ǁeƌe Đut usiŶg a ŵiĐƌotoŵe aŶd plaĐed 
oŶto slides. Foƌ haeŵatoǆǇliŶ & eosiŶ ;H&EͿ staiŶiŶg, the pƌotoĐol as desĐƌiďed iŶ Taďle ϭϬ ǁas used.  

 

Taďle ϭϬ: PƌotoĐol foƌ H&E staiŶiŶg. 

Tiŵe SolutioŶ Step 

ϭϬ-ϭϱ ŵiŶ XǇlol 

DepaƌaffiŶizatioŶ 

ϱ ŵiŶ IsopƌopaŶol 
ϱ ŵiŶ ϵϲ% EthaŶol 
ϱ ŵiŶ ϳϬ% EthaŶol 
ϱ ŵiŶ Bidest HϮO ;ELGAͿ 
ϭϬ ŵiŶ HäŵalauŶ 

StaiŶiŶg 

ϭϬ ŵiŶ Tap ǁateƌ 

Ϯ ŵiŶ ELGA ǁateƌ 

ϮϬ seĐ ϵϲ% EthaŶol +HCl ;Ϯ-ϯ dƌopsͿ 
ϭϬ ŵiŶ EosiŶ ;+Ϯ dƌops aĐetiĐ aĐid/ϭϬϬ ŵl EosiŶͿ 
ϯϬ seĐ ϵϲ% EthaŶol 

RehǇdƌatioŶ 
Ϯϱ seĐ ϭϬϬ% EthaŶol 
Ϯϱ seĐ IsopƌopaŶol 
ϭ ŵiŶ XǇlol 
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2.2.10 StatistiĐal ĐoŵpaƌisoŶ. 

Gƌaphs ǁeƌe plotted usiŶg aƌithŵetiĐ ŵeaŶ ± staŶdaƌd deǀiatioŶ ;S.D.Ϳ oƌ staŶdaƌd eƌƌoƌ ;S.E.Ϳ. A Ϯ-
tailed StudeŶt͛s t-test ǁas used foƌ statistiĐal aŶalǇsis aŶd p ≤ Ϭ.Ϭϱ ǁas ĐoŶsideƌed to ďe statistiĐal 
sigŶifiĐaŶt. 
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3 Results  

Based oŶ the oŶĐolǇtiĐ ĐapaĐitǇ of ǀiƌotheƌapǇ aŶd the theƌapeutiĐ ƌeleǀaŶĐe of ICB, ǁe aiŵed to 
estaďlish a Ŷeǁ theƌapeutiĐ appƌoaĐh foƌ ďladdeƌ ĐaŶĐeƌ ďǇ ĐoŵďiŶiŶg the YB-ϭ depeŶdeŶt oŶĐolǇtiĐ 
ǀiƌotheƌapǇ ǁith a PD-Lϭ speĐifiĐ ICB. HeŶĐe, ǁe ďegaŶ ďǇ ĐloŶiŶg aŶd geŶeƌatiŶg a Ŷoǀel ǀiƌus 
eŶĐodiŶg foƌ aŶ aŶti PD-Lϭ aŶtiďodǇ.  

 

 

3.1 CoŶstƌuĐtioŶ of the ƌeĐoŵďiŶaŶt adeŶoǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ 

3.1.1 DeǀelopŵeŶt of a ĐloŶiŶg stƌategǇ aŶd ĐloŶiŶg of the ǀiƌal plasŵid  

We staƌted ďǇ ĐloŶiŶg the plasŵid eŶĐodiŶg foƌ the Ŷoǀel ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ ǁhiĐh ĐoŶtaiŶs aŶ 
aŶti-PD-Lϭ eŶĐodiŶg tƌaŶsgeŶe iŶ its Eϯ ƌegioŶ. Theƌefoƌe, ǁe fiƌst deǀeloped the tƌaŶsgeŶe aŶd Đƌeated 
a ĐloŶiŶg stƌategǇ.  

The tƌaŶsgeŶe ǁe iŶtegƌated ĐoŶsists of tǁo paƌts, the epitope ďiŶdiŶg Faď fƌagŵeŶt aŶd the FĐ 
paƌt of the aŶtiďodǇ ;figuƌe ϯ.ϭͿ. The FĐ paƌt fƌoŵ the huŵaŶ IgGϭ ǁas pƌoǀided ďǇ PD LasĐhiŶgeƌ 
ǁithiŶ a plasŵid. The Faď fƌagŵeŶt ǁas ŶeǁlǇ desigŶed. Its ŵaiŶ paƌt ĐoŶsists of the ǀaƌiaďle light 
ĐhaiŶ aŶd the ǀaƌiaďle heaǀǇ ĐhaiŶ ĐoŶŶeĐted ďǇ a glǇĐiŶe-seƌiŶe liŶkeƌ ;;GlǇϰSeƌͿϯ liŶkeƌͿ. The seƋueŶĐe 
foƌ this fƌagŵeŶt ǁas used fƌoŵ the pateŶt US ϮϬϭϬϬϮϬϯϬϱϲ Aϭ ;IƌǀiŶg et al. ϮϬϬϵͿ. ϱ͛ to the epitope 
ďiŶdiŶg paƌt, theƌe is the Kozak seƋueŶĐe GCC ACC ǁhiĐh is iŵpoƌtaŶt foƌ tƌaŶslatioŶ effiĐaĐǇ ;Kozak 
ϭϵϴϰͿ. The seƋueŶĐe is folloǁed ďǇ the staƌt ĐodoŶ ATG aŶd the Igκ leadeƌ seƋueŶĐe ;ATG GAG ACA 
GAC ACA CTC CTG CTA TGG GTA CTG CTG CTC TGG GTT CCA GGT TCC ACT GGT GACͿ that is Ŷeeded foƌ 
aĐtiǀe pƌoteiŶ seĐƌetioŶ. IŶ additioŶ, theƌe is a seƋueŶĐe eŶĐodiŶg foƌ the HA tag ϱ͛ of the ǀaƌiaďle light 
ĐhaiŶ. The HA tag ǁas used foƌ deteĐtiŶg the aŶtiďodǇ.  

Afteƌ desigŶiŶg the seƋueŶĐe foƌ the Faď fƌagŵeŶt, it ǁas sǇŶthesized ;life teĐhŶologies ®Ϳ aŶd 
pƌoǀided ǁithiŶ a plasŵid. 
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Figuƌe ϯ.ϭ: StƌuĐtuƌe of the aŶti PD-Lϭ tƌaŶsgeŶe. A The aŶti-PD-Lϭ tƌaŶsgeŶe is Đoŵposed of a doŵaiŶ 

eŶĐodiŶg the aŶtigeŶ ďiŶdiŶg Faď fƌagŵeŶt ǁhiĐh ĐoŶsists of the ǀaƌiaďle light ĐhaiŶ, the 
;GlǇϰSeƌͿϯ liŶkeƌ aŶd the ǀaƌiaďle heaǀǇ ĐhaiŶ, aŶd a doŵaiŶ eŶĐodiŶg foƌ the FĐ fƌagŵeŶt 
of the aŶtiďodǇ. At the ϱ͛ eŶd, the tƌaŶsgeŶe has a Kozak seƋueŶĐe, the staƌt ĐodoŶ, aŶ IgK 
leadeƌ seƋueŶĐe aŶd aŶ HA tag. B A sĐheŵatiĐ depiĐtioŶ of the eŶĐoded pƌoteiŶ seƋueŶĐe. 
The pƌoteiŶ ĐaŶ ďe deteĐted ǀia its N-teƌŵiŶal HA tag. 

 

 

TheŶ, ǁe staƌted to ĐloŶe the plasŵid eŶĐodiŶg foƌ the Ŷoǀel ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ. Theƌefoƌe, ǁe 
fiƌst ligated the ϯ͛ eŶd of the Faď fƌagŵeŶt to the ϱ͛ eŶd of the FĐ paƌt ;Figuƌe ϯ.ϮͿ. The Đoŵplete 
tƌaŶsgeŶe ǁas theŶ ĐloŶed iŶto a sŵall, ϭϰϬϬďp ĐoŶtaiŶiŶg seĐtioŶ of the Wt Eϯ ƌegioŶ. The Wt Eϯ paƌt 
ĐoŶtaiŶiŶg the tƌaŶsgeŶe ǁas theŶ suďseƋueŶtlǇ iŶtegƌated iŶto the Đoŵplete Wt Eϯ ƌegioŶ. FiŶallǇ, 
the ϭϭϬϬϬ ďp laƌge WtAd Eϯ ƌegioŶ iŶĐludiŶg the aŶti-PD-Lϭ eŶĐodiŶg tƌaŶsgeŶe ǁas ligated iŶto the 
Eϯ ƌegioŶ of the plasŵid eŶĐodiŶg foƌ XViƌ-N-ϯϭ.  
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Figuƌe ϯ.Ϯ: CloŶiŶg stƌategǇ foƌ pXViƌ-N-ϯϭ-aPD-Lϭ. The Faď aPD-Lϭ eŶĐodiŶg tƌaŶsgeŶe ǁas ligated to 
the FĐ paƌt of the huŵaŶ IgGϭ ǁithiŶ the plasŵid pĐDNAϯ.ϭ. Via seǀeƌal ĐloŶiŶg steps the 
tƌaŶsgeŶe ǁas fiŶallǇ iŶtegƌated iŶto the WtEϯ ƌegioŶ of pXViƌ-N-ϯϭ.  

 

 

 

Tǁo diffeƌeŶt plasŵids ǁeƌe ĐloŶed, pXViƌ-N-ϯϭ-FL-aPD-Lϭ eŶĐodiŶg foƌ a full leŶgth ;FLͿ aŶti PD-Lϭ 
aŶtiďodǇ aŶd pXViƌ-N-ϯϭ-sĐFǀ-aPD-Lϭ eŶĐodiŶg foƌ a siŶgle ĐhaiŶ ǀaƌiaďle fƌagŵeŶt ;sĐFǀͿ aŶti PD-Lϭ 
aŶtiďodǇ ;Figuƌe ϯ.ϯͿ. This ǀiƌus aƌose due to a shift iŶ the ƌeadiŶg fƌaŵe of the tƌaŶsgeŶe ǁhiĐh led to 
a stop ĐodoŶ iŶ the hiŶge ƌegioŶ of the FĐ paƌt. IŶ additioŶ, a plasŵid eŶĐodiŶg foƌ a ĐoŶtƌol ǀiƌus that 
eǆpƌesses oŶlǇ the FĐ paƌt of the huŵaŶ IgGϭ ǁas ĐoŶstƌuĐted.  

Foƌ siŵplifiĐatioŶ, the teƌŵ XViƌ-N-ϯϭ-aPD-Lϭ is fƌoŵ Ŷoǁ oŶ used ǁheŶ ƌefeƌƌiŶg to XViƌ-N-ϯϭ-
FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ.  
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Figuƌe ϯ.ϯ: GeŶoŵe of XViƌ-N-ϯϭ-aPD-Lϭ aŶd ƌesultiŶg aŶtiďodies. The geŶoŵiĐ stƌuĐtuƌe of XViƌ-N-
ϯϭ aŶd the aŶti-PD-Lϭ tƌaŶsgeŶe. Tǁo ǀiƌuses diffeƌiŶg oŶlǇ iŶ ϱ ďase paiƌs iŶ the hiŶge 
ƌegioŶ of the tƌaŶsgeŶe ǁeƌe iŶtegƌated iŶto the Eϯ ƌegioŶ. TheǇ eŶĐode foƌ a sĐFǀaPD-Lϭ 
aŶd a FLaPD-Lϭ aŶtiďodǇ. 

 

 

3.1.2 PƌoduĐtioŶ of XViƌ-N-ϯϭ-aPD-Lϭ iŶ HEKϮϵϯ  

Afteƌ ĐloŶiŶg of the ǀiƌal plasŵids, the ǀiƌuses XViƌ-N-ϯϭ-FLaPD-Lϭ, XViƌ-N-ϯϭ-FĐ aŶd XViƌ-N-ϯϭ-
sĐFǀaPD-Lϭ ǁeƌe geŶeƌated iŶ HEKϮϵϯ Đells ;figuƌe ϯ.ϰ AͿ. Theƌefoƌe, the plasŵids ǁeƌe liŶeaƌized ďǇ 
PaĐI digestioŶ aŶd HEKϮϵϯ Đells ǁeƌe tƌaŶsfeĐted ǁith liŶeaƌized plasŵids. PlaƋues ǁeƌe deteĐtaďle ϭϬ 
to ϭϰ daǇs afteƌ tƌaŶsfeĐtioŶ aŶd Đells shoǁed a tǇpiĐal CPE. To pƌoduĐe the ǀiƌal Đƌude stoĐks, Đells aŶd 
supeƌŶataŶt ǁeƌe haƌǀested aŶd pƌoĐessed as desĐƌiďed iŶ Ϯ.Ϯ.ϰ.Ϯ. Foƌ laƌge sĐale pƌoduĐtioŶ of the 
ǀiƌus, HEKϮϵϯ Đells ǁeƌe iŶfeĐted ǁith ϭϬ to ϮϬ MOI of the GϮ Đƌude stoĐk. At ϰϴ to ϱϬ houƌs post 
iŶfeĐtioŶ, the Đells shoǁed a CPE aŶd ǁeƌe haƌǀested ďǇ ĐeŶtƌifugatioŶ ;figuƌe ϯ.ϰ BͿ.  
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Figuƌe ϯ.ϰ: Viƌus pƌoduĐtioŶ iŶ HEKϮϵϯ Đells. A RepƌeseŶtatiǀe piĐtuƌe of plaƋues afteƌ tƌaŶsfeĐtioŶ of 
HEKϮϵϯ Đells ǁith ǀiƌal plasŵids. B PƌoduĐtioŶ of the ǀiƌus iŶ HEKϮϵϯ Đells. ϰϴ to ϱϬ houƌs 
afteƌ iŶfeĐtioŶ, Đells shoǁed a CPE aŶd ǁeƌe haƌǀested foƌ isolatioŶ aŶd puƌifiĐatioŶ of the 
ǀiƌus.  

 

 

SuďseƋueŶtlǇ, the ǀiƌuses ǁeƌe isolated fƌoŵ the Đells ďǇ ƌepeated fƌeeze thaǁ ĐǇĐles aŶd puƌified usiŶg 
CsCl deŶsitǇ gƌadieŶt ĐeŶtƌifugatioŶ. Afteƌǁaƌds, the ǀiƌal titeƌs ǁeƌe ŵeasuƌed. The heǆoŶ titeƌ test 
ƌeǀealed titeƌs of ϳ.Ϭ ǆ ϭϬϵ pfu/ŵl foƌ XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ, ϲ.ϭϮ ǆ ϭϬϵ pfu/ŵl foƌ XViƌ-N-ϯϭ-FLaPD-Lϭ 
aŶd ϭ.ϰ ǆ ϭϬϭϭ pfu/ŵl foƌ XViƌ-N-ϯϭ-FĐ. AŶalǇsis of ǀiƌal paƌtiĐles peƌ ŵl aŶd the ƌatio of ǀiƌal paƌtiĐles 
to iŶfeĐtious paƌtiĐles ;P:I ƌatioͿ aƌe suŵŵaƌized iŶ taďle ϭϭ.  

 

 

Taďle ϭϭ: Titeƌs, ǀiƌal paƌtiĐles peƌ ŵl aŶd P:I ƌatios of the geŶeƌated ǀiƌuses. 

Viƌus Titeƌ [pfu/ŵl] Vp/ŵl P:I ƌatio 

XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ ϳ.Ϭ ǆ ϭϬϵ  ϰ.ϵǆϭϬϭϭ ϳϬ 

XViƌ-N-ϯϭ-FLaPD-Lϭ ϲ.ϭϮ ǆ ϭϬϵ ϱ.ϲϳǆϭϬϭϭ ϵϯ 

XViƌ-N-ϯϭ-FĐ ϭ.ϰ ǆ ϭϬϭϭ ϭ.ϬǆϭϬϭϯ ϳϮ 

 

 

 

OŶĐe ǁe had pƌoduĐed the ǀiƌuses aŶd ǀeƌified theiƌ titeƌs ǁe pƌoofed theiƌ ideŶtitǇ. Theƌefoƌe, a 
speĐifiĐ PCR ǁas deǀeloped that taƌgets ƌegioŶs of XViƌ-N-ϯϭ diffeƌiŶg fƌoŵ the WtAd geŶoŵe ;Figuƌe 
ϯ.ϱͿ. The PCR pƌoǀed the ĐoƌƌeĐt ideŶtitǇ of the ŶeǁlǇ geŶeƌated ǀiƌuses. IŶ detail, it Đould ďe shoǁŶ 
that all tested ǀiƌuses haǀe the EϭA ƌegioŶ ;ϱϰϬ ďp ďaŶdͿ, ďut oŶlǇ the WtAd has the EϭAϭϯS ƌegioŶ 
;ϱϰϴ pď ďaŶdͿ. The deleted EϭBϭϵK ƌegioŶ ;WtAd: ϱϴϳ ďp ďaŶd, XViƌ-N-ϯϭ: ϯϴϳ ďpͿ ǁas deteĐtaďle oŶlǇ 
iŶ the XViƌ-N-ϯϭ ďased ǀiƌuses. The pƌeseŶĐe of Eϯ ADP ;ϯϴϰďp ďaŶdͿ ǁas ĐoŶfiƌŵed iŶ XViƌ-N-ϯϭ-aPD-
Lϭ aŶd XViƌ-N-ϯϭ-FĐ ǁhiĐh aƌe Ŷot deleted iŶ Eϯ. The RGD ŵotif ;ϭϳϲ ďpͿ ǁas pƌoǀeŶ iŶ all XViƌ-N-ϯϭ 
ďased ǀiƌuses. The pƌeseŶĐe of the aŶti-PD-Lϭ tƌaŶsgeŶe ;ϲϭϯ ďpͿ aŶd the FĐ tƌaŶsgeŶe ;ϯϯϳ ďpͿ ǁas 
also shoǁŶ. This PCR ƌeaĐtioŶ ĐaŶ ideŶtifǇ ďoth XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭsĐFǀaPD-Lϭ, hoǁeǀeƌ, 
due to the diffeƌeŶĐe of oŶlǇ ϱ ďp, it ĐaŶŶot distiŶguish the tǁo ǀiƌuses.  
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Figuƌe ϯ.ϱ: PCR to test the ideŶtitǇ of the geŶeƌated ǀiƌuses. Gel eleĐtƌophoƌesis of PCR aŵplified 
pƌoduĐts. CsCl puƌified ǀiƌuses ǁeƌe heat deŶatuƌed ďǇ ϭϬ ŵiŶutes iŶĐuďatioŶ at ϭϬϬ° C aŶd 
ϱ µl ǁeƌe used as teŵplate DNA. The ŶeǁlǇ geŶeƌated ǀiƌuses ǁeƌe tested foƌ EϭA, the 
deletioŶ iŶ EϭAϭϯS aŶd EϭBϭϵK, foƌ Eϯ ADP aŶd the deletioŶ iŶ Eϯ as ǁell as the RGD ŵotif 
aŶd the pƌeseŶĐe of the tƌaŶsgeŶe. P: XViƌ-N-ϯϭsĐFǀaPD-Lϭ, F: XViƌ-N-ϯϭ-FĐ, X: XViƌ-N-ϯϭ, 
W: WtAd This is a ƌepƌeseŶtatiǀe ƌesult, data foƌ XViƌ-N-ϯϭ-FLaPD-Lϭ aƌe Ŷot shoǁŶ.  

 

 

3.2 iŶ vitro ĐhaƌaĐteƌizatioŶ of XViƌ-N-ϯϭ-aPD-Lϭ  

Afteƌ suĐĐessful ĐloŶiŶg aŶd pƌoduĐtioŶ of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ, ǁe 
ĐhaƌaĐteƌized the ǀiƌuses iŶ ǀaƌious in vitro assaǇs. We staƌted ďǇ eǀaluatiŶg the YB-ϭ status of the thƌee 
ďladdeƌ ĐaŶĐeƌ Đell liŶes UMUCϯ, TϮϰ aŶd JϴϮ iŶ oƌdeƌ to Đhoose the ďest Đell liŶe foƌ the aŶalǇsis of 
XViƌ-N-ϯϭ ďased ǀiƌuses. IŵŵuŶofluoƌesĐeŶĐe staiŶiŶg ƌeǀealed that all thƌee Đell liŶes shoǁ a 
ĐǇtoplasŵatiĐ, peƌiŶuĐleaƌ loĐalizatioŶ of YB-ϭ ;figuƌe ϯ.ϲͿ. To iŶǀestigate the suďĐellulaƌ loĐalizatioŶ of 
YB-ϭ upoŶ iŶfeĐtioŶ ǁith XViƌ-N-ϯϭ, ǁe staiŶed the Đells foƌ adeŶoǀiƌal EϭA aŶd YB-ϭ aŶd Đould oďseƌǀe 
a distiŶĐt tƌaŶsloĐatioŶ of YB-ϭ iŶto the ŶuĐleus iŶ EϭA positiǀe Đells. Based oŶ the doŵiŶaŶt 
tƌaŶsloĐatioŶ of YB-ϭ iŶto the ŶuĐleus aŶd the high susĐeptiďilitǇ foƌ adeŶoǀiƌal iŶfeĐtioŶ, ǁe Đhoose 
the Đell liŶe UMUCϯ foƌ the in vitro aŶalǇsis of ďoth XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ.  
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Figuƌe ϯ.ϲ: SuďĐellulaƌ loĐalizatioŶ of YB-ϭ iŶ ďladdeƌ ĐaŶĐeƌ Đell liŶes. UMUCϯ, TϮϰ aŶd JϴϮ Đells ǁeƌe 
seeded aŶd iŶfeĐted ǁith ϯϬ, ϭϬϬ aŶd ϰϬ MOI of XViƌ-N-ϯϭ. At ϰϬ houƌs afteƌ iŶfeĐtioŶ, Đells 
ǁeƌe fiǆed aŶd staiŶed foƌ YB-ϭ aŶd adeŶoǀiƌal EϭA. SĐale ďaƌ ĐoƌƌespoŶds to ϭϬ µŵ.  

 

 

3.2.1 AŶalǇsis of ƌepliĐatioŶ of XViƌ-N-ϯϭ-aPD-Lϭ  

Viƌal ƌepliĐatioŶ iŶ UMUCϯ Đells ǁas aŶalǇzed ďǇ ƋuaŶtifǇiŶg fiďeƌ DNA at ϰ, Ϯϰ aŶd ϰϴ houƌs afteƌ 
iŶfeĐtioŶ ;figuƌe ϯ.ϳͿ. The ƋPCR ƌesults shoǁed that ďoth XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-
Lϭ ƌepliĐate iŶ the huŵaŶ ďladdeƌ ĐaŶĐeƌ Đell liŶe aŶd that theiƌ ƌepliĐatiǀe ĐapaĐitǇ is Đoŵpaƌaďle. At 
Ϯϰ houƌs afteƌ iŶfeĐtioŶ, WtAd shoǁed the highest ƌepliĐatioŶ ǀalues ǁhiĐh iŶĐƌeased aďout ϭϬ-fold 
afteƌ ϰϴ houƌs. RepliĐatioŶ of all XViƌ-N-ϯϭ ďased ǀiƌuses ǁas ƌoughlǇ ϭϬϬ-fold loǁeƌ thaŶ WtAd at Ϯϰ 
houƌs afteƌ iŶfeĐtioŶ aŶd ƌoughlǇ ϭϬ-fold loǁeƌ at ϰϴ houƌs afteƌ iŶfeĐtioŶ.  
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Figuƌe ϯ.ϳ: XViƌ-N-ϯϭ-aPD-Lϭ ƌepliĐates iŶ the huŵaŶ ďladdeƌ ĐaŶĐeƌ Đell liŶe UMUCϯ. UMUCϯ Đells 

ǁeƌe iŶfeĐted ǁith ϭϬ MOI of iŶdiĐated ǀiƌuses. At ϰ, Ϯϰ aŶd ϰϴ houƌs afteƌ iŶfeĐtioŶ, Đells 
ǁeƌe lǇsed aŶd DNA ǁas puƌified. Fiďeƌ DNA ǁas ƋuaŶtified ďǇ ƋPCR aŶd Ŷoƌŵalized to the 
ϰ houƌs ǀalue. GAPDH aŶd aĐtiŶ seƌǀed as ƌefeƌeŶĐe geŶes.  

 

 

3.2.2 IŶǀestigatioŶ of the oŶĐolǇtiĐ aĐtiǀitǇ of XViƌ-N-ϯϭ-aPD-Lϭ 

Neǆt, ǁe iŶǀestigated the Đell killiŶg ĐapaĐitǇ of XViƌ-N-ϯϭ-aPD-Lϭ iŶ UMUCϯ Đells ;figuƌe ϯ.ϴ A aŶd BͿ. 
A poteŶĐǇ assaǇ shoǁed that ďoth XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ aƌe oŶĐolǇtiĐ. 
IŶfeĐtioŶ of Đells ǁith XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ usiŶg MOIs ďetǁeeŶ ϴ aŶd ϭϴ 
iŶduĐed oŶĐolǇsis iŶ ϱϬ % of the Đells aŶd a Đoŵplete Đell lǇsis ǁas seeŶ upoŶ iŶfeĐtioŶ ǁith ϰϬ MOI. 
The ICϱϬ ǀalue of XViƌ-N-ϯϭ ǁas ϯϬ MOI aŶd ǀiƌus ĐoŶĐeŶtƌatioŶs of ϲϬ MOI iŶduĐed oŶĐolǇsis iŶ all 
Đells shoǁiŶg a stƌoŶg oŶĐolǇtiĐ effeĐt of XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ iŶ the ďladdeƌ 
ĐaŶĐeƌ Đell liŶe UMUCϯ. AdditioŶallǇ, these ƌesults shoǁed a slightlǇ higheƌ poteŶĐǇ of ďoth XViƌ-N-ϯϭ-
FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ Đoŵpaƌed to XViƌ-N-ϯϭ ǁhiĐh ŵight haǀe ďeeŶ Đaused ďǇ ŵiŶoƌ 
ǀaƌiatioŶs iŶ ǀiƌal titeƌs.  
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Figuƌe ϯ.ϴ: XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ haǀe oŶĐolǇtiĐ aĐtiǀitǇ iŶ UMUCϯ Đells. A 
To aŶalǇze the ǀiƌal Đell killiŶg ĐapaĐitǇ, UMUCϯ Đells ǁeƌe iŶfeĐted ǁith ǀaƌious MOIs of 
iŶdiĐated ǀiƌuses. At ϵϲ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe fiǆed aŶd Đell killiŶg ǁas ŵeasuƌed 
ďǇ SRB staiŶiŶg. B A ƌepƌeseŶtatiǀe piĐtuƌe shoǁiŶg SRB staiŶed Đells at ϵϲ houƌs afteƌ 
iŶfeĐtioŶ ǁith XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ. 

 

 

3.2.3 VeƌifiĐatioŶ of sǇŶthesis, seĐƌetioŶ aŶd fuŶĐtioŶalitǇ of the sĐFǀaPD-Lϭ 

aŶtiďodǇ  

Fuƌtheƌŵoƌe, ǁe iŶǀestigated the sǇŶthesis aŶd seĐƌetioŶ of the sĐFǀ-aPD-Lϭ aŶtiďodǇ iŶ UMUCϯ Đells 
;figuƌe ϯ.ϵͿ. The deŶatuƌed sĐFǀaPD-Lϭ aŶtiďodǇ had a size of ϯϮ kDa. It ǁas deteĐtaďle iŶ the Đellulaƌ 
lǇsate as eaƌlǇ as Ϯϰ houƌs afteƌ iŶfeĐtioŶ aŶd aŶtiďodǇ sǇŶthesis ƌeaĐhed its ŵaǆiŵuŵ afteƌ aŶotheƌ 
Ϯϰ houƌs. SeĐƌetioŶ ǁas fiƌst deteĐtaďle at ϰϴ houƌs afteƌ iŶfeĐtioŶ aŶd iŶĐƌeased stƌoŶglǇ at ϳϮ houƌs 
afteƌ iŶfeĐtioŶ.  
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Figuƌe ϯ.ϵ: SǇŶthesis aŶd seĐƌetioŶ of the sĐFǀaPD-Lϭ aŶtiďodǇ iŶ UMUCϯ Đells. UMUCϯ Đells ǁeƌe 
iŶfeĐted ǁith ϮϬ MOI of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ. Afteƌ iŶdiĐated tiŵe poiŶts Đells ǁeƌe 
haƌǀested aŶd the supeƌŶataŶt ǁas used foƌ pƌoteiŶ pƌeĐipitatioŶ. EǆpƌessioŶ of the HA 
tagged aŶtiďodǇ ǁas aŶalǇzed ďǇ iŵŵuŶoďlottiŶg.  

 

 

 

The speĐifiĐ ďiŶdiŶg of the sĐFǀaPD-Lϭ aŶtiďodǇ to PD-Lϭ ǁas aŶalǇzed ďǇ iŵŵuŶopƌeĐipitatioŶ. 
Theƌefoƌe, ǁe fiƌst shoǁed that ďoth iŶfeĐted aŶd uŶiŶfeĐted UMUCϯ Đells eǆpƌess PD-Lϭ iŶ a siŵilaƌ 
ŵaŶŶeƌ ;figuƌe ϯ.ϭϬ BͿ. AdditioŶallǇ, iŵŵuŶoďlottiŶg agaiŶst the HA tagged aŶtiďodǇ ĐoŶfiƌŵed a 
suitaďle aŶtiďodǇ pƌoduĐtioŶ iŶ iŶfeĐted UMUCϯ Đells ;figuƌe ϯ.ϭϬ CͿ. The pƌeĐipitatioŶ of sĐFǀaPD-Lϭ 
agaiŶst Đellulaƌ PD-Lϭ aŶd the suďseƋueŶt iŵŵuŶoďlottiŶg ĐleaƌlǇ shoǁed the speĐifiĐ ƌeĐogŶitioŶ aŶd 
ďiŶdiŶg of sĐFǀaPD-Lϭ to its aŶtigeŶ PD-Lϭ ;figuƌe ϯ.ϭϬ AͿ.  
 

 
Figuƌe ϯ.ϭϬ: The sĐFǀaPD-Lϭ aŶtiďodǇ speĐifiĐallǇ ďiŶds to Đellulaƌ PD-Lϭ. A Foƌ iŵŵuŶopƌeĐipitatioŶ, 

UMUCϯ Đells ǁeƌe iŶfeĐted ǁith iŶdiĐated ǀiƌuses oƌ left uŶiŶfeĐted. LǇsates ǁeƌe 
pƌeĐipitated agaiŶst PD-Lϭ aŶd suďseƋueŶtlǇ aŶalǇzed foƌ the HA tagged aŶtiďodǇ ďǇ 
iŵŵuŶoďlottiŶg. Beads+aPD-Lϭ, ďeads aloŶe aŶd aPD-Lϭ aloŶe ǁeƌe aŶalǇzed as ĐoŶtƌols. 
B Cellulaƌ lǇsates of iŶfeĐted aŶd uŶiŶfeĐted Đells ǁeƌe aŶalǇzed foƌ PD-Lϭ eǆpƌessioŶ aŶd 
aŶtiďodǇ pƌoduĐtioŶ ;CͿ ďǇ iŵŵuŶoďlottiŶg. D The sĐFǀaPD-Lϭ aŶtiďodǇ aŶd a ĐoŵŵeƌĐial 
aPD-Lϭ aŶtiďodǇ ǁeƌe used to deteĐt PD-Lϭ iŶ UMUCϯ, HEKϮϵϯ aŶd RTϭϭϮ Đells. 
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Fuƌtheƌ oŶ, ǁe Đould shoǁ that the sĐFǀaPD-Lϭ aŶtiďodǇ is also useaďle as a deteĐtioŶ aŶtiďodǇ iŶ 
iŵŵuŶoďlottiŶg ;figuƌe ϯ.ϭϬ DͿ. Both the ĐoŵŵeƌĐial aŶtiďodǇ aŶd the sĐFǀaPD-Lϭ aŶtiďodǇ shoǁed a 
speĐifiĐ ďaŶd at ϰϲ kDa. The sĐFǀaPD-Lϭ aŶtiďodǇ ƌeǀealed a stƌoŶg eǆpƌessioŶ of PD-Lϭ iŶ the tested 
Đell liŶes ǁheƌeas the ĐoŵŵeƌĐial aŶtiďodǇ deteĐted Ŷo PD-Lϭ eǆpƌessioŶ iŶ HEKϮϵϯ Đells aŶd a loǁ 
eǆpƌessioŶ leǀel iŶ UMUCϯ Đells. Alďeit the sigŶal iŶteŶsitǇ ďetǁeeŶ the tǁo aŶtiďodies ǁas diffeƌeŶt 
iŶ the thƌee tested Đell liŶes, ǁe ĐoŶĐluded that sĐFǀ-aPD-Lϭ ĐaŶ deteĐt deŶatuƌed PD-Lϭ. 
 

 

 

3.2.4 AŶ atteŵpt to deǀelop aŶ iŶ vitro assaǇ to ǀeƌifǇ the fuŶĐtioŶal 

ďloĐkiŶg of PD-Lϭ  

IŶ additioŶ to the speĐifiĐ ďiŶdiŶg to aŶd the deteĐtioŶ of PD-Lϭ, ǁe ǁaŶted to iŶǀestigate if the 
sĐFǀaPD-Lϭ aŶtiďodǇ is aďle to fuŶĐtioŶallǇ ďloĐk PD-Lϭ. Theƌefoƌe, ǁe deǀeloped aŶ in vitro ĐoĐultuƌe 
assaǇ as desĐƌiďed iŶ Ϯ.Ϯ.ϱ.ϳ. The pƌiŶĐiple of this assaǇ is ďased oŶ the iŵŵuŶe stiŵulatoƌǇ effeĐt of 
adeŶoǀiƌuses. It is kŶoǁŶ that adeŶoǀiƌal iŶfeĐtioŶs iŶduĐe the pƌoduĐtioŶ of ǀaƌious ĐǇtokiŶes, 
ĐheŵokiŶes aŶd iŵŵuŶe stiŵulatoƌǇ pƌoteiŶs like IFNǇ ;SĐhageŶ et al. ϮϬϬϰͿ. Fuƌtheƌ oŶ, it has ďeeŶ 
shoǁŶ that IFNǇ iŶduĐes PD-Lϭ eǆpƌessioŶ ;BlaŶk et al. ϮϬϬϰͿ. HeŶĐe, ǁe hǇpothesized that iŶfeĐted 
UMUCϯ Đells iŶduĐe IFNǇ eǆpƌessioŶ iŶ PBMCs aŶd that this effeĐt ĐaŶ ďe eŶhaŶĐed ďǇ ďloĐkiŶg the 
PD-ϭ/PD-Lϭ ĐheĐkpoiŶt. Thus, ǁe tƌied to use the IFNǇ pƌoduĐtioŶ foƌ ŵeasuƌiŶg the fuŶĐtioŶalitǇ of 
sĐFǀaPD-Lϭ. 

We peƌfoƌŵed Ŷuŵeƌous assaǇs aŶd tƌied diffeƌeŶt settiŶgs. Neǀeƌtheless, ǁe had pƌoďleŵs to 
ƌepƌoduĐe ouƌ ƌesults ǁhiĐh ǁas ŵost likelǇ due to ǀaƌious faĐtoƌs, e.g. ĐoŶĐeŶtƌatioŶ of the ǀiƌuses, 
PBMC doŶoƌs, iŶĐuďatioŶ peƌiod foƌ the PBMCs-UMUCϯ ĐoĐultuƌe aŶd effeĐtoƌ Đell to taƌget Đell ƌatio. 
Thƌee ƌepƌeseŶtatiǀe ƌesults aƌe depiĐted iŶ figuƌe ϯ.ϭϭ. IŶ geŶeƌal, ǁe Đould see that ďoth WtAd aŶd 
XViƌ-N-ϯϭ iŶduĐe IFNǇ pƌoduĐtioŶ aŶd that this effeĐt Đould ďe iŶĐƌeased ďǇ addiŶg aŶ aŶti-PD-Lϭ 
aŶtiďodǇ. We also oďseƌǀed IFNǇ pƌoduĐtioŶ upoŶ iŶfeĐtioŶ ǁith XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ ǁhiĐh Đould ďe 
fuƌtheƌ eleǀated ďǇ addiŶg aŶ additioŶal aŶti-PD-Lϭ aŶtiďodǇ. Hoǁeǀeƌ, ǁe ǁeƌe Ŷot aďle to 
staŶdaƌdize the pƌotoĐol iŶ oƌdeƌ to oďtaiŶ ƌeliaďle aŶd ƌepƌoduĐiďle ƌesults. Thus, a fiŶal ĐoŶĐlusioŶ 
Đould Ŷot ďe ŵade.  
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Figuƌe ϯ.ϭϭ: IFNǇ ƌespoŶse to adeŶoǀiƌuses aŶd PD-Lϭ ďloĐkade. A, B aŶd C shoǁ thƌee iŶdepeŶdeŶt 
eǆpeƌiŵeŶts. To ŵeasuƌe IFNǇ ƌespoŶse, UMUCϯ Đells ǁeƌe iŶfeĐted ǁith ǀaƌious MOIs of 
iŶdiĐated ǀiƌuses oƌ left uŶiŶfeĐted. At ϰϴ houƌs post iŶfeĐtioŶ, PBMCs ǁeƌe added to 
UMUCϯ Đells iŶ aŶ E:T ƌatioŶ of ϭ.Ϯϱ:ϭ. Afteƌ ϰϴ houƌs of ĐoĐultuƌe, IFNǇ ĐoŶĐeŶtƌatioŶs iŶ 
the Đell fƌee supeƌŶataŶt ǁeƌe deteƌŵiŶed ďǇ ELISA.  

 

 

3.3 IŶǀestigatioŶ of the ŵuƌiŶe Đell liŶe MBϰϵ foƌ adeŶoǀiƌal ƌeseaƌĐh 

A ŵajoƌ pƌoďleŵ of adeŶoǀiƌal ƌeseaƌĐh is the diffiĐultǇ of pƌopeƌ aŶiŵal ŵodels foƌ in vivo studies. So 
faƌ, the huŵaŶized ŵouse ŵodel is the oŶlǇ possiďilitǇ to aŶalǇze oŶĐolǇtiĐ adeŶoǀiƌuses iŶ a huŵaŶ 
ďaĐkgƌouŶd ;Shultz et al. ϮϬϭϮͿ. Hoǁeǀeƌ, this ŵodel is diffiĐult to estaďlish, eǆtƌeŵelǇ tiŵe iŶteŶsiǀe, 
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ĐoŵpliĐated aŶd ƌiskǇ. To ĐiƌĐuŵǀeŶt the huŵaŶized ŵouse ŵodel, ǁe iŶǀestigated if the ŵuƌiŶe 
ďladdeƌ ĐaŶĐeƌ Đell liŶe MBϰϵ alloǁs adeŶoǀiƌal ƌepliĐatioŶ aŶd thus Đould ďe used iŶ a sǇŶgeŶeiĐ 
ŵouse ŵodel foƌ adeŶoǀiƌal in vivo studies ;SoloǁaǇ ϭϵϳϱͿ.  

 

 

3.3.1 AŶalǇsis of ǀiƌal ƌepliĐatioŶ iŶ the ŵuƌiŶe ďladdeƌ ĐaŶĐeƌ Đell liŶe MBϰϵ 

To ǀeƌifǇ if the ŵuƌiŶe Đell liŶe MBϰϵ alloǁs adeŶoǀiƌal ƌepliĐatioŶ, ǁe fiƌst eǀaluated the YB-ϭ 
eǆpƌessioŶ ;figuƌe ϯ.ϭϮ AͿ. IŵŵuŶoďlottiŶg shoǁed that ďoth iŶfeĐted aŶd uŶiŶfeĐted MBϰϵ Đells 
eǆpƌess YB-ϭ aŶd that the eǆpƌessioŶ leǀels ǁeƌe Đoŵpaƌaďle to UMUCϯ Đells. AŶalǇsis of ǀiƌal 
ƌepliĐatioŶ shoǁed that the used ǀiƌuses did Ŷot ƌepliĐate ǁithiŶ the fiƌst Ϯϰ houƌs afteƌ iŶfeĐtioŶ. At 
ϰϴ houƌs post iŶfeĐtioŶ, oŶlǇ WtAd staƌted to ƌepliĐate. 
 

 

 

Figuƌe ϯ.ϭϮ: RepliĐatioŶ ĐapaĐitǇ of WtAd aŶd XViƌ-N-ϯϭ ďased ǀiƌuses iŶ MBϰϵ Đells. A IŶfeĐted ;IͿ 
aŶd uŶiŶfeĐted ;CͿ MBϰϵ Đells ǁeƌe aŶalǇzed foƌ YB-ϭ eǆpƌessioŶ ďǇ iŵŵuŶoďlottiŶg aŶd 
Đoŵpaƌed to UMUCϯ Đells. B MBϰϵ Đells ǁeƌe iŶfeĐted ǁith ϮϬϬ MOI of iŶdiĐated ǀiƌuses. 
At ϰ, Ϯϰ, ϰϴ houƌs aŶd C at ϰ, ϰϴ, ϳϮ aŶd ϵϲ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe haƌǀested, 
DNA ǁas isolated aŶd puƌified. Fiďeƌ DNA ĐoŶteŶt ǁas ƋuaŶtified ďǇ ƋPCR aŶd Ŷoƌŵalized 
to the ϰ houƌs ǀalue. AĐtiŶ aŶd GAPDH seƌǀed as ƌefeƌeŶĐe geŶes.  
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AdditioŶallǇ, ƌepliĐatioŶ aŶalǇsis at ϳϮ aŶd ϵϲ houƌs afteƌ iŶfeĐtioŶ shoǁed a tiŵe depeŶdeŶt deĐƌease 
of fiďeƌ DNA ĐoŶteŶt foƌ XViƌ-N-ϯϭ ďased ǀiƌuses ǁheƌeas fiďeƌ DNA ĐleaƌlǇ iŶĐƌeased upoŶ iŶfeĐtioŶ 
ǁith WtAd ;figuƌe ϯ.ϭϮ CͿ. This ĐoŶfiƌŵed the ƌepliĐatioŶ defiĐieŶĐǇ of XViƌ-N-ϯϭ ďased ǀiƌuses iŶ MBϰϵ 
Đells Đoŵpaƌed to WtAd.  
 

 

 

Figuƌe ϯ.ϭϯ: CAR eǆpƌessioŶ of MBϰϵ Đells. A HEKϮϵϯ, UMUCϯ aŶd MBϰϵ Đells ǁeƌe aŶalǇzed foƌ CAR 
eǆpƌessioŶ. StaiŶiŶg ǁith the FITC laďeled seĐoŶdaƌǇ aŶtiďodǇ seƌǀed as ĐoŶtƌol. B 
RepliĐatioŶ aŶalǇsis of iŶdiĐated ǀiƌuses iŶ MBTϮ aŶd MBϰϵ Đells usiŶg Ŷoƌŵal iŶfeĐtioŶ aŶd 
ŵagŶetofeĐtioŶ. Foƌ ŵagŶetofeĐtioŶ, the ǀiƌus ǁas Đoated ǁith ŵagŶetiĐ ŶaŶopaƌtiĐles aŶd 
Đells ǁeƌe iŶfeĐted usiŶg a ŵagŶetiĐ field. At ϰϴ houƌs afteƌ iŶfeĐtioŶ, fiďeƌ DNA ĐoŶteŶt ǁas 
ƋuaŶtified aŶd Ŷoƌŵalized to the ϰ houƌs ǀalue. C Fold iŶĐƌease of iŶfeĐtioŶ ƌate usiŶg 
ŵagŶetofeĐtioŶ ƌefeƌƌed to Ŷoƌŵal iŶfeĐtioŶ. IŶfeĐtioŶ ƌate ǁas ŵeasuƌed ďǇ ƋuaŶtifiĐatioŶ 
of fiďeƌ DNA ĐoŶteŶt at ϰ houƌs afteƌ iŶfeĐtioŶ. GAPDH aŶd aĐtiŶ ǁeƌe used as ƌefeƌeŶĐe 
geŶes. *p≤ Ϭ.Ϭϱ, ***p<Ϭ.ϬϬϭ.  
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IŶ oƌdeƌ to iŶǀestigate if the laĐk of ƌepliĐatioŶ of XViƌ-N-ϯϭ ǁas due to loǁ iŶfeĐtioŶ ƌates, ǁe 
aŶalǇzed the CAR eǆpƌessioŶ ;figuƌe ϯ.ϭϯ AͿ. A FACS aŶalǇsis shoǁed that MBϰϵ Đells ǁeƌe Ŷegatiǀe foƌ 
CAR Đoŵpaƌed to the CAR positiǀe HEKϮϵϯ aŶd UMUCϯ Đells ;SaďiĐhi et al. ϮϬϬϲͿ. This ƌesult iŶdiĐated 
that the loǁ ƌepliĐatioŶ ĐapaĐitǇ of WtAd ǁas possiďlǇ due to ƌeduĐed iŶfeĐtioŶ ƌates aŶd that the 
ƌepliĐatioŶ defiĐit of XViƌ-N-ϯϭ ďased ǀiƌuses is CAR iŶdepeŶdeŶt. To ǀeƌifǇ if adeŶoǀiƌal ƌepliĐatioŶ is 
iŶ pƌiŶĐipal possiďle, ǁe iŶfeĐted MBϰϵ aŶd MBTϮ Đells usiŶg ŵagŶetofeĐtioŶ aŶd ŵeasuƌed ǀiƌal 
ƌepliĐatioŶ ;figuƌe ϯ.ϭϯ BͿ. Heƌe, ǁe Đould shoǁ that ƌepliĐatioŶ of WtAd ǁas iŶĐƌeased up to ϭϮ-fold 
iŶ ďoth Đell liŶes ǁheŶ usiŶg ŵagŶetofeĐtioŶ Đoŵpaƌed to Ŷoƌŵal iŶfeĐtioŶ at ϰϴ houƌs afteƌ iŶfeĐtioŶ. 
RepliĐatioŶ of XViƌ-N-ϯϭ ǁas slightlǇ iŶĐƌeased upoŶ ŵagŶetofeĐtioŶ iŶ MBTϮ Đells, ďut Ŷot iŶ MBϰϵ 
Đells. Fuƌtheƌ oŶ, ǁe ǁeƌe iŶteƌested iŶ the iŶfeĐtioŶ ƌates of ďoth iŶfeĐtioŶ ŵethods aŶd theƌefoƌe ǁe 
ƋuaŶtified the fiďeƌ DNA ĐoŶteŶt at ϰ houƌs afteƌ iŶfeĐtioŶ. MagŶetofeĐtioŶ ĐleaƌlǇ iŵpƌoǀed iŶfeĐtioŶ 
of ďoth ǀiƌuses. IŶ detail, iŶfeĐtioŶ ǁith WtAd ǁas iŶĐƌeased ϮϬ-fold to ϱϬ-fold iŶ MBϰϵ aŶd MBTϮ Đells, 
ƌespeĐtiǀelǇ aŶd iŶfeĐtioŶ ǁith XViƌ-N-ϯϭ ǁas iŶĐƌeased up to ƌoughlǇ ϯϬ-fold iŶ ďoth Đell liŶes ;figuƌe 
ϯ.ϭϯ CͿ. 
 

 

 

3.3.2 EǀaluatioŶ of oŶĐolǇtiĐ aĐtiǀitǇ iŶ MBϰϵ Đells  

Although the ƌepliĐatioŶ aŶalǇsis shoǁed ǀeƌǇ liŵited ƌepliĐatiǀe ĐapaĐitǇ of adeŶoǀiƌuses iŶ MBϰϵ 
Đells, ǁe ǁeƌe iŶteƌested iŶ the iŶduĐtioŶ of Đell death afteƌ iŶfeĐtioŶ ǁith XViƌ-N-ϯϭ ďased ǀiƌuses 
;figuƌe ϯ.ϭϰ A aŶd BͿ. Theƌefoƌe, ǁe iŶfeĐted MBϰϵ Đells ǁith XViƌ-N-ϯϭ-ďased ǀiƌuses aŶd Đould shoǁ 
aŶ MOI depeŶdeŶt iŶduĐtioŶ of Đell death ǁith ICϱϬ ǀalues ƌaŶgiŶg fƌoŵ ϭϱϬ to ϯϬϬ MOIs. We also 
oďseƌǀed a pƌoŵiŶeŶt ĐhaŶge iŶ Đellulaƌ ŵoƌphologǇ ;figuƌe ϯ.ϭϰ CͿ. The eŶoƌŵous sǁelliŶg aŶd 
agglutiŶatioŶ of the Đells ǁas seeŶ as sooŶ as Ϯϰ houƌs afteƌ iŶfeĐtioŶ. We assuŵed that the Đell killiŶg 
effeĐt ǁas Đaused ďǇ a ĐǇtotoǆiĐ effeĐt due to eǆtƌeŵelǇ high ǀiƌus ĐoŶĐeŶtƌatioŶs ƌatheƌ thaŶ iŶduĐed 
ďǇ the oŶĐolǇtiĐ aĐtiǀitǇ of XViƌ-N-ϯϭ iŶ MBϰϵ.   
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Figure ϯ.1ϰ: XVir-N-ϯ1 ďased viruses iŶduĐe Đell death iŶ MBϰ9. A MBϰϵ Đells ǁere iŶfeĐted ǁith 
ǀarious MOIs of iŶdiĐated ǀiruses. At ϵ6 hours after iŶfeĐtioŶ, Đells ǁere fiǆed aŶd Đell 
killiŶg ǁas ŵeasured ďǇ SRB staiŶiŶg. B A represeŶtatiǀe piĐture of SRB staiŶed Đells 
iŶfeĐted ǁith XVir-N-ϯϭ-sĐFǀaPD-Lϭ. C MBϰϵ Đells shoǁed ŶotiĐeaďle ĐhaŶĐes iŶ Đellular 
ŵorphologǇ upoŶ ǀiral iŶfeĐtioŶ. SĐale ďar ĐorrespoŶds to ϭϬϬ µŵ.  

 

 

 

3.4 CoŵďiŶiŶg XVir-N-ϯ1 aŶd ŶutliŶ-ϯa iŶ MBϰ9 Đells to iŵprove 
virotherapeutiĐ effeĐts  

Our eǆperiŵeŶts ĐlearlǇ deŵoŶstrated that ŵuriŶe MBϰϵ Đells are ǀerǇ liŵited iŶ their perŵissiǀeŶess 
for YB-ϭ depeŶdeŶt adeŶoǀiral repliĐatioŶ. To use this Đell liŶe iŶ a sǇŶgeŶeiĐ ŵouse ŵodel, it is 
ŶeĐessarǇ to iŵproǀe adeŶoǀiral repliĐatioŶ. UŶpuďlished data froŵ our laď iŶdiĐated that 
ǀirotherapeutiĐ effeĐts ǁhere draŵatiĐallǇ eŶhaŶĐed upoŶ ĐoŵďiŶatioŶ ǁith the MdŵϮ iŶhiďitor 
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ŶutliŶ-ϯa iŶ huŵaŶ Đell liŶes. Therefore, ǁe ǁere iŶterested if ǁe ĐaŶ oǀerĐoŵe the loǁ perŵissiǀeŶess 
of ŵuriŶe MBϰϵ Đells for YB-ϭ ďased adeŶoǀiral repliĐatioŶ. 
 

 

 BioĐheŵiĐal effeĐts of ŶutliŶ-ϯa iŶ MBϰ9  

IŶ order to aŶalǇze ďioĐheŵiĐal effeĐts, ǁe first deterŵiŶed the ǁorkiŶg ĐoŶĐeŶtratioŶ of ŶutliŶ-ϯa. 
Here, ǁe also iŶĐluded the CDKϰ/ϲ iŶhiďitor PD-ϬϯϯϮϵϵϭ ;figure ϯ.ϭϱ. AͿ. Based oŶ results of a dose 
respoŶse assaǇ, ǁe set the ǁorkiŶg ĐoŶĐeŶtratioŶ of ŶutliŶ-ϯa as a siŶgle iŶhiďitor to ϭϬ µM ǁhiĐh had 
a ϰϬ % effeĐt oŶ Đell ǀiaďilitǇ. The tested ĐoŶĐeŶtratioŶs of PD-ϬϯϯϮϵϵϭ had oŶlǇ ŵiŶor effeĐts oŶ Đell 
ǀiaďilitǇ. For the ĐoŵďiŶatioŶ treatŵeŶt, ǁe used ϱ µM ŶutliŶ-ϯa ĐoŵďiŶed ǁith ϭ µM PD-ϬϯϯϮϵϵϭ 
ǁhiĐh had a ϰϬ % effeĐt oŶ Đell ǀiaďilitǇ. Neǆt, ǁe ǁere iŶterested iŶ the ďioĐheŵiĐal effeĐts of ŶutliŶ-
ϯa ;figure ϯ.ϭϱ BͿ. At Ϯϰ aŶd ϰϴ hours after treatŵeŶt, ŶutliŶ-ϯa iŶduĐed a staďilizatioŶ of pϱϯ. This ǁas 
aĐĐoŵpaŶied ďǇ a Đlear deĐrease of EϮFϭ at Ϯϰ hours aŶd a Đoŵplete doǁŶregulatioŶ at ϰϴ hours upoŶ 
ĐoŶĐeŶtratioŶs of ϭϬ µM aŶd higher. We also oďserǀed a reduĐtioŶ of pRď leǀels at ĐoŶĐeŶtratioŶs of 
ϭϬ µM aŶd higher at Ϯϰ hours aŶd ϰϴ hours after treatŵeŶt. IŶ additioŶ, total Rď leǀels ǁere ĐlearlǇ 
doǁŶregulated at ϰϴ hours after treatŵeŶt. The ďioĐheŵiĐal effeĐts of PD-ϬϯϯϮϵϵϭ ǁere iŶǀestigated 
as part of aŶother projeĐt iŶ our laď aŶd shoǁed Đoŵparaďle effeĐts ;uŶpuďlished data, data are Ŷot 
shoǁŶͿ. 

 

Figure ϯ.ϭϱ: NutliŶ-ϯa iŶduĐes EϮFϭ dowŶregulatioŶ aŶd staďilizes pϱϯ iŶ MBϰ9 Đells. A To deterŵiŶe 
optiŵal ǁorkiŶg ĐoŶĐeŶtratioŶs, MBϰϵ Đells ǁere treated ǁith ǀarious ĐoŶĐeŶtratioŶs of 
ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ. At ϳϮ hours after treatŵeŶt, Đells ǁere fiǆed aŶd assaǇed ďǇ SRB 
staiŶiŶg. B MBϰϵ Đells ǁere treated ǁith ǀarious ĐoŶĐeŶtratioŶs of ŶutliŶ-ϯa aŶd the effeĐts 
of treatŵeŶt oŶ EϮFϭ, Rď, pRď aŶd pϱϯ ǁere aŶalǇzed ďǇ iŵŵuŶoďlottiŶg.  
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Figure ϯ.16: Nutlin-ϯa induces a G1 arrest in MBϰ9 cells. A MBϰϵ Đells ǁere treated ǁith iŶdiĐated 
ĐoŶĐeŶtratioŶs of ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ aŶd iŶfeĐted ǁith ϮϬϬ MOI of XVir-N-ϯϭ or left 
uŶiŶfeĐted. At Ϯϰ aŶd ϰϴ hours after treatŵeŶt or iŶfeĐtioŶ, the Đells ǁere fiǆed aŶd DNA 
ǁas staiŶed ǁith ϳ-aŵiŶoaĐtiŶoŵǇĐiŶ ;ϳ-AADͿ for Đell ĐǇĐle aŶalǇsis. B A taďular suŵŵerǇ 
of the perĐeŶtage of Đells iŶ GϬ/Gϭ phase.  

 

 

 

AdditioŶallǇ, ǁe eǀaluated the effeĐts of ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ oŶ the Đell ĐǇĐle ;figure ϯ.ϭϲͿ. A 
FACS aŶalǇsis shoǁed the iŶduĐtioŶ of a Gϭ arrest at Ϯϰ hours after ŶutliŶ-ϯa treatŵeŶt ǁhiĐh ďeĐaŵe 
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ŵoƌe doŵiŶaŶt at ϰϴ houƌs. TƌeatŵeŶt ǁith ϭµM PD-ϬϯϯϮϵϵϭ had Ŷo effeĐts oŶ the Đell ĐǇĐle. Hoǁeǀeƌ, 
a ĐoŵďiŶatioŶ of ďoth iŶhiďitoƌs iŶduĐed a Gϭ aƌƌest at Ϯϰ houƌs aŶd ϰϴ houƌs afteƌ tƌeatŵeŶt. Fuƌtheƌ 
oŶ, ǁe ǁeƌe iŶteƌested if this Gϭ aƌƌest Đould ďe ƌeǀeƌsed upoŶ ǀiƌus iŶfeĐtioŶ aŶd fouŶd that XViƌ-N-
ϯϭ did Ŷot aďƌogate the Gϭ aƌƌest iŶ ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ tƌeated Đells. Hoǁeǀeƌ, ϰϴ houƌs afteƌ 
iŶfeĐtioŶ, XViƌ-N-ϯϭ ǁas aďle to iŶduĐe a shift toǁaƌds GϮ/M phase iŶ the ĐoŵďiŶatioŶ tƌeatŵeŶt. 

 

 

3.4.2 AŶalǇsis of ǀiƌotheƌapeutiĐ effeĐts iŶ ĐoŵďiŶatioŶ ǁith ŶutliŶ-ϯa aŶd 

PD-ϬϯϯϮϵϵϭ 

Afteƌ ĐoŶfiƌŵiŶg the ďioĐheŵiĐal effeĐts of ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ, ǁe aŶalǇzed if XViƌ-N-ϯϭ-ďased 
ǀiƌotheƌapǇ ĐaŶ ďe iŵpƌoǀed ǁheŶ ĐoŵďiŶed ǁith ŶutliŶ-ϯa oƌ PD-ϬϯϯϮϵϵϭ ;figuƌe ϯ.ϭϳͿ. We 
peƌfoƌŵed SRB assaǇs to ŵeasuƌe the Đell killiŶg ĐapaĐitǇ of XViƌ-N-ϯϭ aloŶe aŶd iŶ ĐoŵďiŶatioŶ ǁith 
ŶutliŶ-ϯa aŶd PD-ϬϯϯϮϵϵϭ ;figuƌe ϯ.ϭϳ AͿ. IŶfeĐtioŶ of uŶtƌeated Đells ǁith ϭϬϬ aŶd ϮϬϬ MOI of XViƌ-N-
ϯϭ had a ϮϬ % aŶd ϰϬ % Đell killiŶg effeĐt, ƌespeĐtiǀelǇ, ǁheƌeas iŶfeĐtioŶ ǁith ϱϬ MOI iŶduĐed Ŷo Đell 
lǇsis. SiŶgle tƌeatŵeŶt ǁith ϱ µM ŶutliŶ-ϯa aŶd ϭ µM PD-ϬϯϯϮϵϵϭ had oŶlǇ ŵiŶoƌ additioŶal effeĐts oŶ 
Đell killiŶg aŶd the stƌoŶg lǇtiĐ effeĐt upoŶ ĐoŵďiŶatioŶ of ϱ µM ŶutliŶ-ϯa aŶd ϭ µM PD-ϬϯϯϮϵϵϭ oŶ 
iŶfeĐted Đells Đould ďe asĐƌiďed to iŶhiďitoƌ iŶduĐed effeĐts. Hoǁeǀeƌ, iŶfeĐtioŶ of Đells tƌeated ǁith ϭϬ 
µM ŶutliŶ-ϯa iŶduĐed a sigŶifiĐaŶtlǇ iŶĐƌeased lǇtiĐ effeĐt Đoŵpaƌed to uŶtƌeated Đells. IŶ detail, 
pƌetƌeatŵeŶt of MBϰϵ ǁith ϭϬ µM ŶutliŶ-ϯa ƌesulted iŶ aŶ additioŶal Đell killiŶg effeĐt of ϴϭ %, ϵϯ % 
aŶd ϵϱ % ǁheŶ Đells ǁeƌe iŶfeĐted ǁith ϱϬ MOI, ϭϬϬ MOI aŶd ϮϬϬ MOI of XViƌ-N-ϯϭ, ƌespeĐtiǀelǇ.  

Neǆt, ǁe aŶalǇzed the ǀiƌal ƌepliĐatioŶ upoŶ iŶhiďitoƌ tƌeatŵeŶt ;figuƌe ϯ.ϭϳ BͿ. QuaŶtifiĐatioŶ of 
ǀiƌal fiďeƌ DNA ƌeǀealed aŶ iŵpƌoǀed ǀiƌal ƌepliĐatioŶ of XViƌ-N-ϯϭ aŶd WtAd upoŶ iŶhiďitoƌ tƌeatŵeŶt. 
XViƌ-N-ϯϭ ƌepliĐatioŶ ǁas sigŶifiĐaŶtlǇ iŵpƌoǀed upoŶ tƌeatŵeŶt ǁith ϭϬ µM ŶutliŶ-ϯa, ϭµM PD-
ϬϯϯϮϵϵϭ aŶd a ĐoŵďiŶatioŶ of ďoth Đoŵpaƌed to uŶtƌeated ĐoŶtƌol. RepliĐatioŶ of WtAd ǁas also 
iŶĐƌeased upoŶ iŶhiďitoƌ tƌeatŵeŶt, Ǉet Ŷot sigŶifiĐaŶtlǇ. Neǆt, ǁe ǁeƌe iŶteƌested iŶ tƌaŶsgeŶe 
eǆpƌessioŶ aŶd ǀiƌal paƌtiĐle foƌŵatioŶ upoŶ iŶhiďitoƌ tƌeatŵeŶt. Heƌe, ǁe foĐused oŶ the effeĐts of 
ŶutliŶ-ϯa aŶd fouŶd that ŶutliŶ-ϯa tƌeatŵeŶt ĐleaƌlǇ iŶĐƌeased the eǆpƌessioŶ of the HA-tagged 
sĐFǀaPD-Lϭ aŶtiďodǇ at Ϯϰ houƌs aŶd ϰϴ houƌs afteƌ iŶfeĐtioŶ ;figuƌe ϯ.ϭϳ CͿ. Hoǁeǀeƌ, ŶutliŶ-ϯa had 
Ŷo effeĐt oŶ ǀiƌal paƌtiĐle foƌŵatioŶ ;figuƌe ϯ.ϭϳ DͿ. 

These ƌesults ƌeǀeal that ŶutliŶ-ϯa iŶduĐes a ŵeĐhaŶisŵ ǁhiĐh iŵpƌoǀes adeŶoǀiƌal ƌepliĐatioŶ, 
pƌoteiŶ eǆpƌessioŶ aŶd Đell lǇsis iŶ MBϰϵ Đells.  
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Figuƌe ϯ.ϭϳ: NutliŶ-ϯa iŵpƌoǀes ǀiƌotheƌapeutiĐ effeĐts of YB-ϭ ďased adeŶoǀiƌuses iŶ MBϰϵ Đells. A 
Cells ǁeƌe pƌetƌeated ǁith iŶdiĐated ĐoŶĐeŶtƌatioŶs of iŶhiďitoƌs aŶd iŶfeĐted ǁith ǀaƌious 
MOIs of XViƌ-N-ϯϭ at Ϯϰ houƌs afteƌ tƌeatŵeŶt. At ϵϲ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe fiǆed 
aŶd staiŶed ǁith SRB aŶd the Đell killiŶg effeĐt ǁas ŵeasuƌed ďǇ SRB aďsoƌďaŶĐe. B Foƌ 
ƋuaŶtifiĐatioŶ of ǀiƌal ƌepliĐatioŶ, pƌetƌeated aŶd uŶtƌeated MBϰϵ Đells ǁeƌe iŶfeĐted ǁith 
ϮϬϬ MOI of XViƌ-N-ϯϭ. At ϰ, Ϯϰ aŶd ϰϴ houƌs afteƌ iŶfeĐtioŶ the fiďeƌ DNA ĐoŶteŶt ǁas 
ƋuaŶtified ďǇ ƋPCR aŶd Ŷoƌŵalized to the ϰ houƌ ǀalue. AĐtiŶ aŶd GAPDH seƌǀed as 
ƌefeƌeŶĐe geŶes. C Pƌetƌeated aŶd uŶtƌeated MBϰϵ Đells ǁeƌe iŶfeĐted ǁith ϮϬϬ MOI of 
XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ. At Ϯϰ aŶd ϰϴ houƌs afteƌ iŶfeĐtioŶ, Đells ǁeƌe lǇsed aŶd eǆpƌessioŶ 
of the sĐFǀaPD-Lϭ aŶtiďodǇ ǁas aŶalǇzed ďǇ iŵŵuŶoďlottiŶg. D NutliŶ-ϯa tƌeated oƌ 
uŶtƌeated Đells ǁeƌe iŶfeĐted ǁith ϮϬϬ MOI of iŶdiĐated ǀiƌuses. At ϳϮ houƌs afteƌ iŶfeĐtioŶ, 
Đells aŶd supeƌŶataŶt ǁeƌe aŶalǇzed foƌ ǀiƌal paƌtiĐle foƌŵatioŶ ďǇ peƌfoƌŵiŶg a heǆoŶ 
titeƌ test *p≤ Ϭ.Ϭϱ, **p<Ϭ.Ϭϭ, ***p<Ϭ.ϬϬϭ. IŶfeĐted, tƌeated ǀalues ǁeƌe aŶalǇzed agaiŶst 
ĐoƌƌespoŶdiŶg iŶfeĐted, uŶtƌeated saŵples.  
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WithiŶ aŶotheƌ pƌojeĐt iŶ ouƌ laď, the effeĐts of ŶutliŶ-ϯa iŶ ĐoŵďiŶatioŶ ǁith XViƌ-N-ϯϭ iŶ huŵaŶ 
ďladdeƌ ĐaŶĐeƌ Đell liŶes ǁeƌe iŶǀestigated. It ǁas fouŶd that ŶutliŶ-ϯa Đould iŵpƌoǀe ǀiƌal ƌepliĐatioŶ 
aŶd that the ŶutliŶ-ϯa iŶduĐed EϮFϭ aŶd pRď doǁŶƌegulatioŶ ǁeƌe iŶǀolǀed iŶ the uŶdeƌlǇiŶg 
ŵeĐhaŶisŵ. Fuƌtheƌ eǆpeƌiŵeŶts ǁithiŶ this pƌojeĐt shoǁed that the ƌepliĐatioŶ of XViƌ-N-ϯϭ/EϮFŵ 
ǁhiĐh is ŵutated iŶ ďoth EϮFϭ ďiŶdiŶg sites of its EϮeaƌlǇ pƌoŵoteƌ ǁas iŵpƌoǀed Đoŵpaƌed to XViƌ-
N-ϯϭ aŶd that this Đould ďe fuƌtheƌ iŶĐƌeased upoŶ EϮFϭ doǁŶƌegulatioŶ. This fiŶdiŶg iŶdiĐated that 
EϮFϭ ŵight haǀe a ƌepƌessiǀe ƌole oŶ the adeŶoǀiƌal EϮeaƌlǇ pƌoŵoteƌ ǁhiĐh ĐoŶtƌasts ǁith the 
ĐoŵŵoŶ ǀieǁ of EϮFϭ as aŶ aĐtiǀatoƌ of the EϮeaƌlǇ pƌoŵoteƌ. Theƌefoƌe, ǁe iŶǀestigated if this is also 
tƌue foƌ the ŵuƌiŶe MBϰϵ Đells. Hoǁeǀeƌ, ƋuaŶtifiĐatioŶ of ǀiƌal ƌepliĐatioŶ shoǁed that XViƌ-N-
ϯϭ/EϮFŵ ƌepliĐates eǀeŶ less thaŶ XViƌ-N-ϯϭ although ŶutliŶ-ϯa tƌeatŵeŶt iŵpƌoǀed the ƌepliĐatioŶ of 
ďoth ǀiƌuses ;figuƌe ϯ.ϭϴͿ. Based oŶ this ƌesult, a fiŶal ĐoŶĐlusioŶ aďout the uŶdeƌlǇiŶg ŵeĐhaŶisŵ is 
Ŷot possiďle aŶd fuƌtheƌ eǆpeƌiŵeŶts aƌe Ŷeeded. 
 

 

Figuƌe ϯ.ϭϴ: XViƌ-N-ϯϭ/EϮFŵ ďaƌelǇ ƌepliĐates iŶ MBϰϵ Đells. MBϰϵ Đells ǁeƌe tƌeated ǁith ϭϬ µM 
ŶutliŶ-ϯa oƌ left uŶtƌeated. At Ϯϰ houƌs afteƌ tƌeatŵeŶt, Đells ǁeƌe iŶfeĐted ǁith ϭϬϬ MOI 
of iŶdiĐated ǀiƌuses. Cells ǁeƌe haƌǀested at ϰ aŶd ϰϴ houƌs afteƌ iŶfeĐtioŶ. The fiďeƌ DNA 
ĐoŶteŶt ǁas ƋuaŶtified ďǇ ƋPCR aŶd Ŷoƌŵalized to the ϰ-houƌ ǀalue. AĐtiŶ aŶd GAPDH 
seƌǀed as ƌefeƌeŶĐe geŶes. *p≤ Ϭ.Ϭϱ. IŶfeĐted, tƌeated ǀalues ǁeƌe aŶalǇzed agaiŶst 
ĐoƌƌespoŶdiŶg iŶfeĐted, uŶtƌeated saŵples. 

 

 

3.5 The ultƌasouŶd guided oƌthotopiĐ ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ  

IŶ oƌdeƌ to eǆteŶt ouƌ in vitro data, ǁe estaďlished the ultƌasouŶd guided oƌthotopiĐ ŵouse ŵodel foƌ 
ďladdeƌ ĐaŶĐeƌ. This ŵodel ǁas deǀeloped at the Pƌostate CaŶĐeƌ CeŶteƌ iŶ VaŶĐouǀeƌ, CaŶada. It alloǁs 
iŶjeĐtioŶ of tuŵoƌ Đells iŶto the laŵiŶa pƌopƌia of the ďladdeƌ ǁithout suƌgiĐal iŵplaŶtatioŶ aŶd foƌŵs 
iŶǀasiǀe ďladdeƌ tuŵoƌs ;Jägeƌ et al. ϮϬϭϰͿ.  
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3.5.1 EstaďlishŵeŶt of a sǇŶgeŶeiĐ aŶd a ǆeŶogƌaft oƌthotopiĐ ŵouse ŵodel 

foƌ ďladdeƌ ĐaŶĐeƌ 

The oƌthotopiĐ ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ is geŶeƌated ďǇ iŶjeĐtiŶg ĐaŶĐeƌ Đells iŶto the laŵiŶa 
pƌopƌia of the ďladdeƌ ǁhiĐh is Đalled iŶtƌaŵuƌal iŶjeĐtioŶ. We estaďlished a sǇŶgeŶeiĐ, 
iŵŵuŶoĐoŵpeteŶt ŵodel aŶd a ǆeŶogƌaft ŵodel. The ǆeŶogƌaft ŵodel ĐaŶ ďe used to aŶalǇze the 
oŶĐolǇtiĐ effeĐt of ǀiƌotheƌapǇ ǁheƌeas the sǇŶgeŶeiĐ ŵouse ŵodel additioŶallǇ alloǁs the aŶalǇsis of 
the iŵŵuŶe stiŵulatoƌǇ effeĐt. 

To peƌfoƌŵ the iŶtƌaŵuƌal iŶjeĐtioŶs, ǁe geŶeƌated aŶ aƌtifiĐial spaĐe ďǇ iŶjeĐtiŶg PBS iŶto the Ϭ.Ϯϱ 
ŵŵ ďladdeƌ ǁall ;figuƌe ϯ.ϭϵ A ϭ-ϯͿ. TheŶ, the tuŵoƌ Đells ǁeƌe iŶjeĐted iŶto the pƌoǆiŵal paƌt of the 
aƌtifiĐial spaĐe. Theƌefoƌe, the Ŷeedle ǁas eǆĐhaŶged ďǇ a Ŷeedle filled ǁith tuŵoƌ Đells ƌesuspeŶded 
iŶ a Matƌigel : PBS ŵiǆtuƌe. The Ŷeedle ǁas iŶseƌted iŶto the geŶeƌated spaĐe aŶd ϱϬ µl of the Đell 
suspeŶsioŶ ĐoŶtaiŶiŶg the desiƌed Đell Ŷuŵďeƌ ǁeƌe iŶjeĐted ;figuƌe ϯ.ϭϵ A ϱ, ϲͿ. FiŶallǇ, the Ŷeedle 
ǁas ƌejeĐted, aŶd the ŵouse ǁas ƌeĐoǀeƌed. Foƌ the ǁhole pƌoĐeduƌe iŶĐludiŶg aŶesthesia, ƌoughlǇ ϰϱ 
to ϲϬ ŵiŶutes peƌ ŵouse ǁeƌe Ŷeeded.  

To estaďlish the sǇŶgeŶeiĐ ŵouse ŵodel iŶ CϱϳBL/ϲ, ǁe fiƌst deteƌŵiŶed the ideal Đell Ŷuŵďeƌ of 
MBϰϵ Đells foƌ tuŵoƌ Đell iŶjeĐtioŶs ;figuƌe ϯ.ϭϵ B, C, DͿ. UsiŶg ϳϬϬ ϬϬϬ MBϰϵ Đells ƌesulted iŶ tuŵoƌ 
ǀoluŵes of ŵoƌe thaŶ ϳϬ ŵŵϯ at daǇ ϳ afteƌ iŶjeĐtioŶ. SiŶĐe ǁe oďseƌǀed a ǀeƌǇ aggƌessiǀe aŶd fast 
tuŵoƌ gƌoǁth ǁhiĐh ǁas Ŷot suitaďle foƌ tƌeatŵeŶt studies ǁe tested loǁeƌ Đell Ŷuŵďeƌs. IŶjeĐtioŶ of 
ϭϬϬ ϬϬϬ Đells ƌeaĐhed a tuŵoƌ ǀoluŵe of ϮϬ to ϱϱ ŵŵϯ aŶd iŶjeĐtioŶ of ϳϬ ϬϬϬ Đells ƌesulted iŶ tuŵoƌ 
ǀoluŵes of Ϯϱ to ϰϬ ŵŵϯ at daǇ ϱ afteƌ iŶjeĐtioŶ. IŶ geŶeƌal, ǁe had ϭϬϬ % tuŵoƌ uptake aŶd ǁeƌe aďle 
to shoǁ the aggƌessiǀeŶess aŶd the eǆtƌeŵe ƌapid gƌoǁth ďehaǀioƌ of MBϰϵ ǁhiĐh ŵade this ŵodel 
ǀeƌǇ diffiĐult.  

Foƌ estaďlishiŶg the iŵŵuŶodefiĐieŶt ǆeŶogƌaft ŵouse ŵodel, ǁe used UMUCϯ Đells iŶ FoǆŶϭŶu/Ŷu 
ŵiĐe ;figuƌe ϯ.ϭϵ EͿ. ϮϬϬ ϬϬϬ UMUCϯ Đells ǁeƌe iŶjeĐted ǁhiĐh led to aŶ aǀeƌage tuŵoƌ ǀoluŵe of Ϯϰ 
ŵŵϯ at daǇ ϭϬ afteƌ iŶjeĐtioŶ. The tuŵoƌ uptake ƌate ǁas ϭϬϬ % although oŶe tuŵoƌ did Ŷot eǆĐeed 
the size of ϭϬ ŵŵϯ. IŶ geŶeƌal, the used Đell Ŷuŵďeƌ ƌesulted iŶ tuŵoƌs ǁith appƌopƌiate gƌoǁth 
ďehaǀioƌ to applǇ iŶtƌatuŵoƌal tƌeatŵeŶt.  
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Figuƌe ϯ.ϭϵ: The oƌthotopiĐ, ultƌasouŶd guided ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ. A The pƌoĐeduƌe foƌ 
the iŶtƌaŵuƌal iŶjeĐtioŶs: ϭͿ ǀisualize the ďladdeƌ oŶ the ultƌasouŶd sĐƌeeŶ, ϮͿ ǀisualize 
the Ŷeedle aŶd iŶseƌt the Ŷeedle iŶto the ŵouse, ϯͿ iŶjeĐtioŶ of PBS to geŶeƌate aŶ 
aƌtifiĐial spaĐe, ϰͿ iŶseƌt the Ŷeedle filled ǁith tuŵoƌ Đells iŶ the ĐaǀitǇ, ϱ-ϲͿ iŶjeĐt Đell 
suspeŶsioŶ iŶ the pƌoǆiŵal paƌt of the PBS filled spaĐe. B Tuŵoƌ ǀoluŵes of ϰ ŵiĐe ďeaƌiŶg 
sǇŶgeŶeiĐ tuŵoƌs at daǇ ϳ afteƌ iŶjeĐtioŶ of ϳϬϬ ϬϬϬ MBϰϵ Đells. Tuŵoƌ gƌoǁth afteƌ 
iŶjeĐtioŶ of C ϭϬϬ ϬϬϬ MBϰϵ Đells aŶd D ϳϬ ϬϬϬ MBϰϵ Đells iŶ the sǇŶgeŶeiĐ ŵouse ŵodel. 
E Gƌoǁth of ǆeŶogƌaft tuŵoƌs usiŶg ϮϬϬ ϬϬϬ UMUCϯ Đells iŶ iŵŵuŶodefiĐieŶt ŵiĐe. The 
tuŵoƌ ǀoluŵe ǁas deteƌŵiŶed usiŶg ϯD ultƌasouŶd ŵeasuƌeŵeŶt.  

 

 

 

 



  ϯ  Results 

- ϳϲ - 
 

 

Figuƌe ϯ.ϮϬ: H&E staiŶed seĐtioŶs of oƌthotopiĐ ďladdeƌ tuŵoƌs shoǁ iŶtƌaŵuƌal aŶd ŵusĐle iŶǀasiǀe 
gƌoǁth. A RepƌeseŶtatiǀe seĐtioŶs of the sǇŶgeŶeiĐ tuŵoƌ ŵodel shoǁed ŵusĐle iŶǀasiǀe 
gƌoǁth ;MͿ aŶd iŶfiltƌatioŶ of iŵŵuŶe Đells. B A ƌepƌeseŶtatiǀe ǆeŶogƌaft tuŵoƌ ;TͿ 
shoǁed the ĐoƌƌeĐt loĐatioŶ iŶ the laŵiŶa pƌopƌia aŶd a slightlǇ hǇpeƌplastiĐ uƌotheliuŵ 
;UͿ. C A ǀiƌus tƌeated ǆeŶogƌaft tuŵoƌ at daǇ ϭϳ afteƌ iŶjeĐtioŶ ƌeǀealed ŶeĐƌotiĐ aƌeas ;NͿ 
as ǁell as ŵusĐle iŶǀasiǀe tuŵoƌ gƌoǁth ;aƌƌoǁs aŶd asteƌiskͿ.  

 

A 
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Afteƌ the ŵiĐe ǁeƌe saĐƌifiĐed, the tuŵoƌs ǁeƌe eǆaŵiŶed oŶ H&E seĐtioŶs to deŵoŶstƌate the ĐoƌƌeĐt 
iŶtƌaŵuƌal iŶjeĐtioŶ aŶd iŶǀasiǀe tuŵoƌ gƌoǁth. Figuƌe ϯ.ϮϬ A shoǁs ƌepƌeseŶtatiǀe seĐtioŶs of 
sǇŶgeŶeiĐ, oƌthotopiĐ ďladdeƌ tuŵoƌs ;TͿ ǁhiĐh gƌeǁ iŶ the laŵiŶa pƌopƌia. AdditioŶallǇ, it shoǁs a 
ŵodeƌate Ŷuŵďeƌ of iŶflaŵŵatoƌǇ Đells like ŶeutƌophiliĐ gƌaŶuloĐǇtes, lǇŵphoĐǇtes aŶd ŵaĐƌophages 
ǁhiĐh ǁeƌe adjaĐeŶt ;IͿ to oƌ iŶfiltƌatiŶg ;aƌƌoǁͿ ďetǁeeŶ the tuŵoƌ Đells ;TͿ as ǁell as iŶfiltƌatiǀe 
gƌoǁth iŶto the tuŶiĐa ŵusĐulaƌis ;MͿ. H&E staiŶed seĐtioŶs of the oƌthotopiĐallǇ iŵplaŶted ǆeŶogƌaft 
ĐaƌĐiŶoŵa ŵodel shoǁed aŶ iŶtaĐt aŶd slightlǇ hǇpeƌplastiĐ uƌotheliuŵ ;UͿ ĐoǀeƌiŶg the ďladdeƌ luŵeŶ 
;LͿ aŶd tuŵoƌ Đells ;TͿ loĐated iŶ the laŵiŶa pƌopƌia ;figuƌe ϯ.ϮϬ BͿ. Fuƌtheƌ oŶ, ǁe deteĐted sŵall aƌeas 
of ŶeĐƌosis ;NͿ aŶd apoptosis as ǁell as tuŵoƌ iŶfiltƌatioŶ iŶ ;aƌƌoǁsͿ aŶd thƌough ;asteƌiskͿ the tuŶiĐa 
ŵusĐulaƌis iŶ a ǀiƌus tƌeated tuŵoƌ ;figuƌe ϯ.ϮϬ CͿ.  
 

 

 

3.5.2 UltƌasouŶd guided ǀiƌotheƌapǇ usiŶg XViƌ-N-ϯϭ iŶ the oƌthotopiĐ 

ďladdeƌ ĐaŶĐeƌ ŵodel  

Afteƌ iŶitial eǆpeƌiŵeŶts iŶ ǁhiĐh ǁe defiŶed aŶ appƌopƌiate Đell Ŷuŵďeƌ foƌ the iŶjeĐtioŶs, ǁe applied 
ultƌasouŶd guided iŶtƌatuŵoƌal ǀiƌotheƌapǇ usiŶg XViƌ-N-ϯϭ ;figuƌe ϯ.Ϯϭ AͿ. Tuŵoƌ ďeaƌiŶg aŶiŵals 
ǁeƌe ƌaŶdoŵized iŶto tǁo gƌoups ;Ŷ= ϰ-ϱ peƌ gƌoupͿ aŶd tƌeated ǁith XViƌ-N-ϯϭ oƌ PBS eǀeƌǇ fouƌth 
daǇ foƌ a total of thƌee tiŵes. EstaďlishiŶg this tƌeatŵeŶt appƌoaĐh shoǁed the diffiĐultǇ of hittiŶg the 
tuŵoƌ aŶd iŶjeĐtiŶg eƋuallǇ iŶto the tuŵoƌ. Majoƌ issues ǁeƌe the iŶseƌtioŶ of the Ŷeedle iŶto the 
ĐoŵpaĐt tuŵoƌ aŶd the iŶtƌatuŵoƌal positioŶ. The ĐeŶtƌal loĐatioŶ of the Ŷeedle ǁithiŶ the tuŵoƌ aŶd 
a sloǁ aŶd Đaƌeful appliĐatioŶ ǁeƌe iŵpoƌtaŶt iŶ oƌdeƌ to eŶsuƌe aŶ optiŵal uptake of the ǀiƌus ďǇ the 
tuŵoƌ. Figuƌe ϯ.Ϯϭ B shoǁs ƌepƌeseŶtatiǀe ultƌasouŶd iŵages of the tuŵoƌ gƌoǁth ;ϭ-ϰͿ, the 
iŶtƌatuŵoƌal tƌeatŵeŶt ;ϱͿ aŶd the ƌeŵaiŶiŶg tuŵoƌ afteƌ ǀiƌotheƌapǇ ;ϲͿ. 

IŶ this fiƌst eǆpeƌiŵeŶt, ǁe ǁeƌe aďle to shoǁ a sigŶifiĐaŶt ƌeduĐtioŶ of tuŵoƌ gƌoǁth iŶ the ǀiƌus 
tƌeated gƌoup Đoŵpaƌed to the PBS tƌeated ĐoŶtƌol gƌoup ;figuƌe ϯ.Ϯϭ CͿ. OŶ daǇ ϭϳ, aŶiŵals tƌeated 
ǁith XViƌ-N-ϯϭ shoǁed aŶ aǀeƌage tuŵoƌ ǀoluŵe of ϭϮϰ.ϭ ŵŵϯ Đoŵpaƌed to aŶ aǀeƌage tuŵoƌ ǀoluŵe 
of Ϯϭϰ.ϲ ŵŵϯ iŶ PBS tƌeated aŶiŵals ǁhiĐh is eƋuiǀaleŶt to a ƌeduĐtioŶ iŶ tuŵoƌ size of ϰϮ %. Foƌ huŵaŶ 
ƌeasoŶs due to eǆĐessiǀe tuŵoƌ ďuƌdeŶ, ŶiŶe out of teŶ aŶiŵals had to ďe saĐƌifiĐed oŶ daǇ ϭϴ aŶd 
Đould Ŷot ďe ŵoŶitoƌed uŶtil the eŶd of the plaŶŶed folloǁ-up. Hoǁeǀeƌ, oŶe aŶiŵal shoǁed aŶ alŵost 
Đoŵplete ƌespoŶse to XViƌ-N-ϯϭ ďased ǀiƌotheƌapǇ ;figuƌe ϯ.Ϯϭ DͿ. This ŵouse had a tuŵoƌ size of ϯϱ 
ŵŵϯ at tƌeatŵeŶt staƌt ǁhiĐh iŶĐƌeased up to ϰϬ ŵŵϯ duƌiŶg theƌapǇ. ϭϮ daǇs afteƌ the last ǀiƌus 
iŶjeĐtioŶ, the tuŵoƌ size shƌaŶk to a size of ϱ ŵŵϯ.  
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Figuƌe ϯ.Ϯϭ: Foƌ figuƌe legeŶd see Ŷeǆt page.  
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Figuƌe ϯ.Ϯϭ: UltƌasouŶd guided ǀiƌotheƌapǇ usiŶg XViƌ-N-ϯϭ. A Tiŵe taďle foƌ the in vivo eǆpeƌiŵeŶt. 
Nude ŵiĐe ǁeƌe iŶjeĐted ǁith ϮϬϬ ϬϬϬ UMUCϯ Đells. Tuŵoƌs ǁeƌe tƌeated ǁith ϯǆϭϬϵ ǀiƌal 
paƌtiĐles oŶ daǇ ϭϭ, ϭϰ aŶd ϭϳ. MiĐe ǁeƌe ŵoŶitoƌed tǁiĐe a ǁeek uŶtil saĐƌifiĐe. B 
UltƌasouŶd guided iŶtƌatuŵoƌal iŶjeĐtioŶs. ϭ: HealthǇ ďladdeƌ, Ϯ-ϰ: Gƌoǁth of ďladdeƌ 
tuŵoƌ ϰ, ϴ aŶd ϭϰ daǇs afteƌ iŶjeĐtioŶs, ϱ: IŶtƌatuŵoƌal ǀiƌus iŶjeĐtioŶ, ϲ: ReŵaiŶiŶg tuŵoƌ 
afteƌ ǀiƌotheƌapǇ ;dϮϳͿ. C The tuŵoƌ gƌoǁth of ǀiƌus tƌeated aŶiŵals Đoŵpaƌed to PBS 
tƌeated aŶiŵals ;Ŷ=ϰ-ϱ peƌ gƌoupͿ. The tuŵoƌ ǀoluŵe ǁas ŵeasuƌed ďǇ ϯD ultƌasouŶd 
iŵagiŶg. Eƌƌoƌ ďaƌs iŶdiĐate S.E. aŶd *p≤Ϭ.Ϭϱ D ReduĐtioŶ of tuŵoƌ ǀoluŵe afteƌ 
ǀiƌotheƌapǇ. E H&E staiŶiŶg of a ƌeŵaiŶiŶg ǆeŶogƌaft tuŵoƌ ;TͿ afteƌ ǀiƌotheƌapǇ.  
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4 DisĐussioŶ 

4.1 GeŶeƌatioŶ aŶd pƌoduĐtioŶ of the Ŷoǀel ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ  

IŶ geŶeƌal, ƌeĐoŵďiŶaŶt adeŶoǀiƌuses ĐaŶ ďe geŶeƌated ďǇ hoŵologous ƌeĐoŵďiŶatioŶ oƌ ďǇ ĐloŶiŶg 
usiŶg ŵultiple shuttle plasŵids ;Chaƌtieƌ et al. ϭϵϵϲ; Gƌahaŵ uŶd PƌeǀeĐ ϭϵϵϭͿ. Heƌe, ǁe ŵaŶipulated 
the adeŶoǀiƌal geŶoŵe ďǇ iŶtegƌatiŶg the tƌaŶsgeŶe iŶto a segŵeŶt of the WtAd Eϯ ƌegioŶ aŶd ĐloŶiŶg 
it iŶto the ďaĐkďoŶe of XViƌ-N-ϯϭ ǀia seǀeƌal shuttle plasŵids. WithiŶ the adeŶoǀiƌal geŶoŵe theƌe aƌe 
ƌegioŶs like the Eϯ geŶe ǁhiĐh aƌe Ŷot ŶeĐessaƌǇ foƌ adeŶoǀiƌal ƌepliĐatioŶ aŶd paĐkagiŶg. These 
ƌegioŶs aƌe ofteŶ deleted aŶd aƌe used foƌ iŶtegƌatioŶ of laƌge tƌaŶsgeŶes. EǀeŶ uŶdeleted WtAd ĐaŶ 
keep tƌaŶsgeŶes ǁith a size of up to ϭϳϵϲ ďp. This is aĐĐoƌdiŶg to the ĐoŵŵoŶ ƌule that theƌe is a 
ĐoŶstƌaiŶt of DNA aŵouŶt ǁhiĐh is ϭϬϱ % of the ϯϱϵϯϰ ďp ĐoŵpƌisiŶg WtAd geŶoŵe that ĐaŶ ďe paĐked 
iŶto ǀiƌioŶs ;SugaƌŵaŶ B.J. et al. ϮϬϬϯͿ. Viƌuses ǁith geŶoŵe sizes eǆĐeediŶg this liŵitatioŶ aƌe diffiĐult 
to pƌoduĐe aŶd ǀeƌǇ uŶstaďle ;Bett et al. ϭϵϵϯͿ. Heƌe, ǁe used XViƌ-N-ϯϭ ǁhiĐh has a size of ϯϯϭϭϰ ďp 
aŶd iŶtegƌated the Wt Eϯ ƌegioŶ iŶĐludiŶg the aPD-Lϭ oƌ FĐ eŶĐodiŶg tƌaŶsgeŶe. Altogetheƌ, the ŶeǁlǇ 
geŶeƌated ǀiƌuses XViƌ-N-ϯϭsĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ had a size of ϯϲϵϳϭ ďp aŶd ϯϲϵϳϲ ďp, 
ƌespeĐtiǀelǇ, aŶd XViƌ-N-ϯϭ-FĐ Đoŵpƌised ϯϲϭϰϭ ďp. This is iŶ ĐoŶseŶsus ǁith the ƌule fƌoŵ Bett et al. 
aŶd should Ŷot iŶflueŶĐe ǀiƌus pƌoduĐtioŶ aŶd ǀiƌal titeƌs ;Bett et al. ϭϵϵϯͿ. We ǁeƌe aďle to pƌoduĐe 
the ŶeǁlǇ ĐloŶed ǀiƌuses usiŶg HEKϮϵϯ Đells, hoǁeǀeƌ, the ǀiƌal titeƌs ǁeƌe loǁeƌ foƌ XViƌ-N-ϯϭ-
sĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ Đoŵpaƌed to XViƌ-N-ϯϭ. It is kŶoǁŶ that the size of tƌaŶsgeŶes as 
ǁell as the pƌoteiŶ theǇ eŶĐode foƌ ĐaŶ iŶflueŶĐe adeŶoǀiƌal paĐkagiŶg. AŶd a ƌeĐeŶt puďliĐatioŶ 
shoǁed that also the loĐatioŶ of the tƌaŶsgeŶe is iŶflueŶĐiŶg ǀiƌal titeƌs aŶd that espeĐiallǇ the 
tƌaŶsgeŶe iŶtegƌatioŶ iŶto the Eϯ ƌegioŶ ĐaŶ haǀe aŶ iŶflueŶĐe oŶ the titeƌ ;Suzuki et al. ϮϬϭϱͿ. We 
assuŵe that the size of the a-PD-Lϭ tƌaŶsgeŶe aŶd its loĐatioŶ ƌatheƌ thaŶ the pƌoteiŶ it eŶĐodes Đaused 
a loǁeƌ titeƌ of XViƌ-N-ϯϭ-FLaPD-Lϭ aŶd XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ Đoŵpaƌed to XViƌ-N-ϯϭ. The titeƌ of XViƌ-
N-ϯϭ-FĐ ǁas Ŷoƌŵal ǁhiĐh ŵight iŶdiĐate that tƌaŶsgeŶe size is iŶdeed ĐƌuĐial.  

 

 

4.2 ChaƌaĐteƌizatioŶ of XViƌ-N-ϯϭ-aPD-Lϭ iŶ UMUCϯ 

Afteƌ ĐloŶiŶg aŶd pƌoduĐtioŶ of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ, ǁe ĐhaƌaĐteƌized the 
ǀiƌuses ƌegaƌdiŶg theiƌ ǀiƌotheƌapeutiĐ effeĐts iŶ UMUCϯ Đells.  

AŶalǇsis of ǀiƌal ƌepliĐatioŶ ƌeǀealed Đoŵpaƌaďle ǀalues foƌ XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ, XViƌ-N-ϯϭ-FLaPD-
Lϭ aŶd XViƌ-N-ϯϭ shoǁiŶg that the iŶtegƌated tƌaŶsgeŶes did Ŷot affeĐt ƌepliĐatiǀe aĐtiǀitǇ. IŶ geŶeƌal, 
ǀalues of XViƌ-N-ϯϭ-ďased ǀiƌuses ǁeƌe aďout ϭϬ-fold loǁeƌ thaŶ ǀalues of WtAd. This is ǁithiŶ ouƌ 
iŶteƌŶal laď staŶdaƌds aŶd ĐaŶ ďe attƌiďuted to the EϭAϭϯS deletioŶ of XViƌ-N-ϯϭ.  

Fuƌtheƌ oŶ, iŶǀestigatioŶ of the ǀiƌal poteŶĐǇ shoǁed aŶ oŶĐolǇtiĐ effeĐt of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ 
aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ. Heƌe, ǁe oďseƌǀed a slight tƌeŶd iŶdiĐatiŶg a higheƌ Đell killiŶg effeĐt of XViƌ-
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N-ϯϭ-sĐFǀaPD-Lϭ aŶd XViƌ-N-ϯϭ-FLaPD-Lϭ Đoŵpaƌed to XViƌ-N-ϯϭ. This fiŶdiŶg ŵight ďe due to the 
deletioŶ of ADP iŶ XViƌ-N-ϯϭ. ADP iŶduĐes effiĐieŶt Đell lǇsis iŶ the late stages of iŶfeĐtioŶ aŶd theƌeďǇ 
eŶsuƌes the ƌelease of ǀiƌuses fƌoŵ iŶfeĐted Đells. IŶ keepiŶg ǁith these ƌesults, it has ďeeŶ shoǁŶ 
ďefoƌe that ADP deleted ǀiƌuses iŶduĐe a sloǁeƌ Đell lǇsis thaŶ ǀiƌuses ǁith ǁild tǇpe ADP ǁithout 
affeĐtiŶg ǀiƌal ƌepliĐatioŶ ;TollefsoŶ et al. ϭϵϵϲͿ. AdditioŶallǇ, it is iŵpoƌtaŶt to ŵeŶtioŶ that slight titeƌ 
ǀaƌiatioŶs ĐaŶ iŶflueŶĐe in vitro eǆpeƌiŵeŶts aŶd espeĐiallǇ the Đell killiŶg assaǇ is ǀeƌǇ susĐeptiďle iŶ 
this poiŶt.  

Fuƌtheƌ oŶ, ǁe iŶǀestigated the aŶtiďodǇ sǇŶthesis of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ. We shoǁed aŶ effiĐieŶt 
sǇŶthesis of the HA tagged sĐFǀaPD-Lϭ aŶtiďodǇ staƌtiŶg at Ϯϰ houƌs afteƌ iŶfeĐtioŶ aŶd a suďseƋueŶt 
seĐƌetioŶ of the aŶtiďodǇ ǁhiĐh ǁas deteĐtaďle as eaƌlǇ as ϰϴ houƌs afteƌ iŶfeĐtioŶ. We iŶtegƌated the 
tƌaŶsgeŶe iŶto the Eϯ ƌegioŶ aŶd its tƌaŶsĐƌiptioŶ is ĐoŶtƌolled ďǇ the Eϯ pƌoŵoteƌ ǁhiĐh is kŶoǁŶ to 
ďe aĐtiǀate aďout ϭϮ houƌs afteƌ iŶfeĐtioŶ leadiŶg to deteĐtaďle Eϯ pƌoteiŶs, e.g. ADP at Ϯϰ houƌs afteƌ 
iŶfeĐtioŶ ;BauzoŶ et al. ϮϬϬϯ; HaǁkiŶs uŶd HeƌŵistoŶ ϮϬϬϭͿ. Theƌefoƌe, ouƌ ƌesults aƌe iŶ aĐĐoƌdaŶĐe 
ǁith the aĐtiǀitǇ of the Eϯ pƌoŵoteƌ aŶd the eǆpƌessioŶ of Eϯ geŶe pƌoduĐts ;BauzoŶ et al. ϮϬϬϯͿ. 
Fuƌtheƌ oŶ, ouƌ data aƌe Đoŵpaƌaďle ǁith a siŵilaƌ ǀiƌo-iŵŵuŶotheƌapeutiĐ appƌoaĐh shoǁiŶg 
seĐƌetioŶ of aŶ aŶti-CTLA-ϰ aŶtiďodǇ ǁhiĐh ǁas also iŶtegƌated iŶto the Eϯ ƌegioŶ at ϰϴ houƌs afteƌ 
iŶfeĐtioŶ ;Dias et al. ϮϬϭϮͿ.  

AdditioŶallǇ, ǁe shoǁed the ƌeĐogŶitioŶ aŶd ďiŶdiŶg of the sĐFǀaPD-Lϭ aŶtiďodǇ to PD-Lϭ ďǇ 
iŵŵuŶopƌeĐipitatioŶ. If this Đauses a fuŶĐtioŶal ďloĐkade of the PD-Lϭ/PD-ϭ aǆis ƌesultiŶg iŶ eleǀated 
IFNǇ leǀels, IL-Ϯ pƌoduĐtioŶ aŶd aĐtiǀatioŶ of iŵŵuŶe Đells has to ďe fuƌtheƌ iŶǀestigated ďǇ Đell ďased 
ďloĐkiŶg assaǇs ;BlaŶk et al. ϮϬϬϰ; PeŶg et al. ϮϬϭϮ; SaŶŵaŵed et al. ϮϬϭϱͿ. 

Seǀeƌal in vivo aŶd in vitro eǆpeƌiŵeŶts shoǁed the stƌoŶg lǇtiĐ aŶd ƌepliĐatiǀe poteŶtial of XViƌ-N-
ϯϭ iŶ glioŵa Đells ;RogŶoŶi et al. ϮϬϬϵ; Kostoǀa et al. ϮϬϭϱ; MaŶtǁill et al. ϮϬϭϯͿ. Heƌe, ǁe 
deŵoŶstƌated foƌ the fiƌst tiŵe the ǀiƌotheƌapeutiĐ effeĐts of XViƌ-N-ϯϭ, XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ aŶd 
XViƌ-N-ϯϭ-FLaPD-Lϭ iŶ the ďladdeƌ ĐaŶĐeƌ Đell liŶe UMUCϯ. 

 

 

4.3 The atteŵpt to deǀelop a ĐoĐultuƌe assaǇ foƌ ŵeasuƌiŶg fuŶĐtioŶal PD-Lϭ 
ďloĐkade  

ReĐeŶt puďliĐatioŶs shoǁed that ďloĐkiŶg the PD-ϭ/PD-Lϭ aǆis led to eleǀated eǆpƌessioŶ of IFNǇ ;BlaŶk 
et al. ϮϬϬϰ; PeŶg et al. ϮϬϭϮ; SaŶŵaŵed et al. ϮϬϭϱͿ. These fiŶdiŶgs iŶspiƌed us to deǀelop aŶ in vitro 
assaǇ to pƌoof the fuŶĐtioŶal ďloĐkade of PD-Lϭ. IŶ all ouƌ eǆpeƌiŵeŶts, ǀiƌal iŶfeĐtioŶ led to titeƌ 
depeŶdeŶt eleǀatioŶ of IFNǇ leǀels ǁhiĐh Đould ďe eŶhaŶĐed ďǇ addiŶg additioŶal aŶti-PD-Lϭ aŶtiďodǇ. 
Hoǁeǀeƌ, despite ŵaŶǇ atteŵpts aŶd diffeƌeŶt ĐoŶditioŶs, ǁe ǁeƌe Ŷot aďle to geŶeƌate a staďle 
eǆpeƌiŵeŶtal setup to ƌeliaďlǇ ƌepƌoduĐe ouƌ ƌesults. Theƌe aƌe seǀeƌal aspeĐts ǁhiĐh ĐaŶ eǆplaiŶ ouƌ 
oďseƌǀatioŶs:  

IŶ ouƌ eǆpeƌiŵeŶts, ǁe ĐoĐultuƌed PBMCs deƌiǀed fƌoŵ Đolleagues ǁith the estaďlished ďladdeƌ 
ĐaŶĐeƌ Đell liŶe UMUCϯ disƌegaƌdiŶg HLA ǀeƌifiĐatioŶ aŶd ŵatĐhiŶg. Fuƌtheƌŵoƌe, ǁe used Ŷeǁ PBMCs 
foƌ eǀeƌǇ eǆpeƌiŵeŶt aŶd thus theƌe ŵight haǀe ďeeŶ ǀaƌiatioŶs iŶ aĐtiǀitǇ aŶd stiŵulatioŶ status of 
these Đells.  
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Moƌeoǀeƌ, it is kŶoǁŶ that adeŶoǀiƌuses iŶduĐe a stƌoŶg iŵŵuŶe ƌeaĐtioŶ ǁhiĐh is also 
ĐhaƌaĐteƌized ďǇ IFNǇ pƌoduĐtioŶ ;SĐhageŶ et al. ϮϬϬϰͿ. IŶ this poiŶt ŵaŶǇ aspeĐts ĐaŶ iŶflueŶĐe the 
ƌead out: Fiƌst, the ƌepliĐatiǀe ďehaǀioƌ ǁhiĐh diffeƌs ϭϬ-fold ďetǁeeŶ XViƌ-N-ϯϭ aŶd WtAd has to ďe 
ĐoŶsideƌed. SeĐoŶd, the geŶetiĐ diffeƌeŶĐes of XViƌ-N-ϯϭ-sĐFǀaPD-Lϭ, XViƌ-N-ϯϭ aŶd WtAd ĐaŶ lead to 
ǀaƌiatioŶs iŶ IFNǇ stiŵulatioŶ ŵakiŶg a ĐoŵpaƌisoŶ of these ǀiƌuses diffiĐult. AŶd thiƌd, takiŶg the ICϱϬ 
ǀalues, the ƌepliĐatiǀe poteŶtial aŶd the Đell killiŶg effeĐt of the ǀiƌuses iŶto aĐĐouŶt, ǁe had to use 
ǀaƌǇiŶg ǀiƌus ĐoŶĐeŶtƌatioŶs aŶd P:I ƌatios ǁhiĐh ŵight haǀe additioŶallǇ iŶflueŶĐed the IFNǇ ƌespoŶse.  

To oďtaiŶ ƌeliaďle ƌesults iŶ the futuƌe, it ŵight ďe ŶeĐessaƌǇ to use tuŵoƌ Đells aŶd PBMCs fƌoŵ the 
saŵe doŶoƌ. AlteƌŶatiǀelǇ, it ǁould ďe ǁoƌth tƌǇiŶg to use the Đell fƌee supeƌŶataŶt of iŶfeĐted tuŵoƌ 
Đells to stiŵulate PBMCs fƌoŵ patieŶts aŶd healthǇ doŶoƌs ;Dias et al. ϮϬϭϮͿ.  

 

 

4.4 TƌaŶslatioŶal aspeĐts of ǀiƌo-iŵŵuŶotheƌapǇ usiŶg XViƌ-N-ϯϭ-aPD-Lϭ  

The ƌeĐeŶt ĐliŶiĐal suĐĐess aŶd the ŵultitude of ĐliŶiĐal tƌials usiŶg oŶĐolǇtiĐ theƌapǇ deŵoŶstƌate that 
ǀiƌotheƌapǇ is aďout to ďeĐoŵe aŶ iŶtegƌatiǀe paƌt of iŵŵuŶe theƌapǇ foƌ ĐaŶĐeƌ tƌeatŵeŶt. SiŶĐe the 
fiƌst studies oŶ ƌeĐoŵďiŶaŶt oŶĐolǇtiĐ ǀiƌuses, ĐliŶiĐal ƌeseaƌĐh has iŶĐƌeased shoǁiŶg eǆĐelleŶt 
toleƌaďilitǇ aŶd safetǇ of oŶĐolǇtiĐ ǀiƌuses, eǀeŶ at highest feasiďle doses. AdditioŶallǇ, ǀiƌus 
tƌaŶsŵissioŶ ĐausiŶg ǀiƌal spƌead has Ŷot Ǉet ďeeŶ seeŶ aŶd ǀiƌeŵia afteƌ sǇsteŵiĐ iŶjeĐtioŶ is uŶlikelǇ 
aŶd has Ŷeǀeƌ ďeeŶ ƌepoƌted ǁhiĐh is eǆplaiŶed ďǇ the fast ĐleaƌaŶĐe of ǀiƌuses ďǇ the liǀeƌ, spleeŶ aŶd 
seƌuŵ faĐtoƌs ;Liu et al. ϮϬϬϳͿ.  

OŶĐolǇtiĐ ǀiƌuses ǁeƌe iŶitiallǇ deǀeloped ǁith the aiŵ to iŶduĐe high iŶfeĐtioŶ ƌates aŶd ŵassiǀe 
tuŵoƌ Đell lǇsis to shoǁ the ďest effeĐt aŶd ƌespoŶse. Latest ƌeseaƌĐh has shoǁŶ that the iŵŵuŶe 
stiŵulatoƌǇ effeĐt of ǀiƌotheƌapǇ ǁas uŶdeƌestiŵated ďut is iŶeǀitaďle aŶd ĐeŶtƌal foƌ a sǇsteŵiĐ aŶd 
loŶg lastiŶg iŵŵuŶe ƌespoŶse ;ZaŵaƌiŶ et al. ϮϬϭϰ; AŶdtďaĐka et al. ϮϬϭϱͿ. Hoǁeǀeƌ, iŵŵuŶe esĐape 
ŵeĐhaŶisŵs ƌepƌeseŶt liŵitatioŶs aŶd theiƌ eǆteŶt iŶflueŶĐes suĐĐess oƌ failuƌe of oŶĐolǇtiĐ theƌapǇ. 

ICB, e.g. agaiŶst the PD-ϭ/PD-Lϭ aǆis, ƌepƌeseŶts aŶ iŵŵuŶotheƌapeutiĐ appƌoaĐh that has gaiŶed 
suĐĐess iŶ the last Ǉeaƌs. Neǀeƌtheless, the ƌespoŶse ƌates to PD-ϭ ďloĐkade as a siŶgle theƌapǇ aƌe still 
liŵited aŶd ŵaŶǇ patieŶts do Ŷot ƌespoŶd oƌ deǀelop ƌesistaŶĐe agaiŶst it. This ǁas seeŶ ǁheŶ patieŶts 
laĐked iŶtƌatuŵoƌal CDϴ+ T Đells oƌ had loǁ IFNǇ eǆpƌessioŶ aŶd thus shoǁed ƌeduĐed PD-Lϭ/PD-ϭ 
eǆpƌessioŶ ;Riďas et al. ϮϬϭϳ; Tuŵeh et al. ϮϬϭϰ; Postoǁ et al. ϮϬϭϱͿ. It is hǇpothesized that liŵitatioŶs 
of ďoth theƌapies ĐaŶ ďe oǀeƌĐoŵe ďǇ ĐoŵďiŶiŶg the tǁo stƌategies aŶd the ƌeĐeŶt theƌapeutiĐ suĐĐess 
of ǀiƌotheƌapǇ togetheƌ ǁith aŶ aŶti-PD-ϭ ICB has ĐoŶfiƌŵed the poteŶtial of this ǀiƌo-iŵŵuŶotheƌapǇ 
;Riďas et al. ϮϬϭϳ; Bouƌgeois-DaigŶeault et al. ϮϬϭϴͿ. The ƌatioŶal foƌ this ǁell-ǁoƌkiŶg ĐoŵďiŶatioŶ is 
the ŵutual stiŵulatioŶ aŶd the folloǁiŶg aspeĐts aƌe iŵpoƌtaŶt ǁheŶ eǆplaiŶiŶg ǀiƌo-iŵŵuŶotheƌapǇ:  

It has ďeeŶ shoǁŶ that the iŵŵuŶe stiŵulatoƌǇ effeĐt of OVT is esseŶtial foƌ a suĐĐessful ĐaŶĐeƌ 
tƌeatŵeŶt. Hoǁeǀeƌ, this effeĐt is ofteŶ iŶhiďited ďǇ the iŵŵuŶe suppƌessiǀe tuŵoƌ eŶǀiƌoŶŵeŶt ǁhiĐh 
ĐaŶ ďe oǀeƌĐoŵe ďǇ ƌelieǀiŶg T Đell iŶhiďitioŶ ďǇ ďloĐkiŶg Ŷegatiǀe iŵŵuŶe ĐheĐkpoiŶts to eŶaďle a 
stƌoŶg iŵŵuŶe aĐtiǀatioŶ ďǇ oŶĐolǇtiĐ ǀiƌuses. AdditioŶallǇ, it is kŶoǁŶ that oŶĐolǇtiĐ ǀiƌuses Đause aŶ 
iŶĐƌease iŶ ĐiƌĐulatiŶg CDϴ+ aŶd CDϰ+ iŵŵuŶe Đells, iŶduĐe IFNǇ eǆpƌessioŶ aŶd thus haǀe the poteŶtial 
to ƌeǀeƌse the liŵitatioŶs to PD-ϭ/PD-Lϭ ďloĐkade ;Riďas et al. ϮϬϭϳͿ. The ƌeĐeŶt studǇ fƌoŵ Riďas et al. 
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deŵoŶstƌated that a loĐal iŶjeĐtioŶ of oŶĐolǇtiĐ ǀiƌuses ĐoŶtƌiďuted to a sǇsteŵiĐ aŶtituŵoƌ effeĐt 
;Riďas et al. ϮϬϭϳͿ. This suppoƌts the idea of a loĐal adŵiŶistƌatioŶ of the ǀiƌus diƌeĐtlǇ iŶto the tuŵoƌ 
that ĐaŶ affeĐt also distaŶt ŵetastasis. Moƌeoǀeƌ, it has ďeeŶ shoǁŶ that oŶĐolǇtiĐ ǀiƌuses haǀe the 
ĐapaďilitǇ to ďƌoadeŶ the speĐtƌuŵ of ŶeoaŶtigeŶ-diƌeĐted CDϴ+ T-Đell ƌespoŶse Đoŵpaƌed to PD-ϭ ICB 
;Wolleƌ et al. ϮϬϭϰ; Wolleƌ et al. ϮϬϭϱͿ. This fiŶdiŶg has to ďe put iŶ the ĐoŶteǆt of puďliĐatioŶs shoǁiŶg 
a suƌǀiǀal adǀaŶtage of patieŶts ǁith ŵisseŶse ŵutatioŶs ;BƌoǁŶ et al. ϮϬϭϰͿ. AŶalǇziŶg the patieŶts 
fƌoŵ the studǇ fƌoŵ Riďas et al. ƌegaƌdiŶg theiƌ ŶeoaŶtigeŶ diƌeĐted iŵŵuŶe aĐtiǀitǇ ǁould iŵŵeŶselǇ 
ĐoŶtƌiďute to a ĐoŵpƌeheŶsiǀe uŶdeƌstaŶdiŶg of this pƌoŵisiŶg ĐoŵďiŶatioŶ ;Riďas et al. ϮϬϭϳͿ.  

AƌŵiŶg oŶĐolǇtiĐ ǀiƌuses ǁith iŵŵuŶe stiŵulatoƌǇ ŵoleĐules, e.g. ILϮ oƌ GM-CSF has ďeeŶ studied 
siŶĐe Ǉeaƌs ďut the idea of iŶtegƌatiŶg aŶtiďodies agaiŶst iŵŵuŶe ĐheĐkpoiŶts iŶto the ǀiƌal geŶoŵe is 
Ƌuite Ŷeǁ aŶd theƌe aƌe oŶlǇ a feǁ puďliĐatioŶs. IŶ ϮϬϭϰ, EŶgelaŶd et al. puďlished a ŵeasles ǀiƌus 
eŶĐodiŶg foƌ aŶtiďodies agaiŶst CTLA-ϰ aŶd PD-Lϭ. TheǇ used fullǇ iŵŵuŶoĐoŵpeteŶt ŵouse ŵodels 
aŶd shoǁed that theiƌ ǀiƌuses ǁeƌe aďle to iŶduĐe tuŵoƌ ƌegƌessioŶ. AdditioŶallǇ, theǇ aŶalǇzed 
iŵŵuŶologiĐal aspeĐts aŶd fouŶd aŶ iŶĐƌease of iŶfiltƌatiŶg T Đells aĐĐoŵpaŶied ďǇ a ƌeduĐtioŶ of 
ƌegulatoƌǇ T Đells. Moƌeoǀeƌ, theǇ Đoŵpaƌed ǀiƌotheƌapǇ ǁith sǇsteŵiĐ aŶti-PD-Lϭ theƌapǇ aŶd loĐal, 
ǀiƌus ŵediated aŶti-PD-Lϭ eǆpƌessioŶ aŶd oďtaiŶed siŵilaƌ ƌesults ;EŶgelaŶd et al. ϮϬϭϰͿ. Dias et al. 
puďlished aŶ oŶĐolǇtiĐ adeŶoǀiƌus aƌŵed ǁith aŶ aŶti-CTLA-ϰ aŶtiďodǇ. TheǇ shoǁed a sigŶifiĐaŶt 
aŶtituŵoƌ aĐtiǀitǇ of theiƌ ǀiƌus iŶ aŶ iŵŵuŶe defiĐieŶt ǆeŶogƌaft ŵodel aŶd a ǀiƌus ŵediated iŶĐƌease 
iŶ IL-Ϯ aŶd IFNǇ pƌoduĐtioŶ iŶ patieŶt deƌiǀed PBMCS ;Dias et al. ϮϬϭϮͿ.  

Ouƌ Ŷeǁ ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ ǁas ĐhaƌaĐteƌized in vitro, ďut so faƌ ǁe ǁeƌe Ŷot aďle to test its 
iŵŵuŶologiĐal effeĐts in vivo. We thiŶk that the diƌeĐt ĐoŵďiŶatioŶ of PD-Lϭ speĐifiĐ ICB aŶd oŶĐolǇtiĐ 
theƌapǇ is a fuƌtheƌ deǀelopŵeŶt iŶ the field of ǀiƌo-iŵŵuŶotheƌapǇ. We hǇpothesize that the loĐal 
adŵiŶistƌatioŶ iŶto the ďladdeƌ ĐiƌĐuŵǀeŶts ĐleaƌaŶĐe of the ǀiƌus, ƌesults iŶ higheƌ aŶtiďodǇ 
ĐoŶĐeŶtƌatioŶs ǁithiŶ the tuŵoƌ aŶd aŶ iŵpƌoǀed aŶti-tuŵoƌ ƌespoŶse ǁhile ƌeduĐiŶg side effeĐts aŶd 
sǇsteŵiĐ toǆiĐitǇ ;AzŶaƌ et al. ϮϬϭϳͿ. IŶ additioŶ, ǁe speĐulate that the diffusioŶ of a sĐFǀ aŶtiďodǇ 
ǁithiŶ the tuŵoƌ ŵight ďe ďetteƌ Đoŵpaƌed to a laƌge full-leŶgth aŶtiďodǇ. This ƋuestioŶ ǁas addƌessed 
iŶ a ƌeĐeŶt puďliĐatioŶ iŶ ǁhiĐh a FL aPD-Lϭ aŶd a sĐFǀ aPD-Lϭ aŶtiďodǇ ǀeĐtoƌized iŶ a ǀaĐĐiŶia ǀiƌus 
ǁeƌe Đoŵpaƌed. Hoǁeǀeƌ, theǇ Đould Ŷot see diffeƌeŶĐes iŶ the aŶtituŵoƌ effeĐts of the tǁo ĐoŶstƌuĐts 
;KleiŶpeteƌ et al. ϮϬϭϲͿ. A fuƌtheƌ iŵpoƌtaŶt aspeĐt is that the PD-ϭ/PD-Lϭ aǆis ƌegulates the effeĐtoƌ 
phase of stiŵulated T Đells iŶ the peƌipheƌǇ aŶd that sigŶaliŶg is ŵoƌe iŵpoƌtaŶt iŶ lateƌ phases of T 
Đell aĐtiǀatioŶ. Theƌefoƌe, it is ƌeasoŶaďle to eǆĐlusiǀelǇ iŶhiďit PD-Lϭ sigŶaliŶg at the side of iŶfeĐtioŶ 
;Paƌdoll ϮϬϭϮͿ. 

The iŶǀestigatioŶ of OVT foĐused ŵaiŶlǇ oŶ ƌesistaŶt patieŶts oƌ eŶd stage ĐaŶĐeƌ patieŶts. ReĐeŶtlǇ, 
a Ŷeǁ appliĐatioŶ of oŶĐolǇtiĐ ǀiƌuses as ŶeoadjuǀaŶt tƌeatŵeŶt has ďeeŶ puďlished aŶd oďtaiŶed gƌeat 
ƌesults ;Bouƌgeois-DaigŶeault et al. ϮϬϭϴͿ. IŶ this studǇ, ŵouse ŵodels ƌepƌeseŶtiŶg the highlǇ 
aggƌessiǀe aŶd iŵŵuŶe sileŶt tƌiple-Ŷegatiǀe ďƌeast ĐaŶĐeƌ ǁeƌe used. The authoƌs shoǁed that 
ǀiƌotheƌapǇ stiŵulated the iŵŵuŶe sǇsteŵ, geŶeƌated a tuŵoƌ speĐifiĐ ŵeŵoƌǇ aŶd seŶsitized 
ƌefƌaĐtoƌǇ tuŵoƌs to ICB afteƌ suƌgeƌǇ. This puďliĐatioŶ deŵoŶstƌates oŶĐe agaiŶ the peƌfeĐt ŵatĐh of 
ǀiƌotheƌapǇ aŶd ICB aŶd giǀes ƌeasoŶs to test oŶĐolǇtiĐ ǀiƌuses as a ŶeoadjuǀaŶt tƌeatŵeŶt optioŶ. IŶ 
the ĐoŶteǆt of the pƌeseŶt ǁoƌk, ǁe aƌgue that testiŶg a ŶeoadjuǀaŶt ǀiƌotheƌapeutiĐ appƌoaĐh foƌ 
MIBC is ƌeasoŶaďle. UsiŶg oŶĐolǇtiĐ ǀiƌuses pƌioƌ to ƌadiĐal ĐǇsteĐtoŵǇ eaƌlǇ iŶ the diagŶosis of MIBC 
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ǁheŶ patieŶts haǀe a loǁ disease ďuƌdeŶ aŶd staďle iŵŵuŶe sǇsteŵ ŵight help to ƌeduĐe ƌelapsiŶg 
patieŶts ǁith ŵetastatiĐ disease ;Bouƌgeois-DaigŶeault et al. ϮϬϭϴͿ.   

 

 

4.5 GeŶeƌatiŶg a sǇŶgeŶeiĐ iŶ vivo ŵodel foƌ adeŶoǀiƌal ƌeseaƌĐh  

SiŶĐe the iŵŵuŶe aspeĐt is plaǇiŶg aŶ iŵpoƌtaŶt ƌole iŶ the theƌapeutiĐ ƌespoŶse to oŶĐolǇtiĐ ǀiƌuses, 
the uŶdeƌstaŶdiŶg of ǀiƌotheƌapǇ ǁould ďeŶefit fƌoŵ the aǀailaďilitǇ of suitaďle, iŵŵuŶoĐoŵpeteŶt 
ŵouse ŵodels ;GaŶlǇ et al. ϮϬϬϬͿ. The SǇƌiaŶ haŵsteƌ ŵodel has ďeeŶ used as aŶ in vivo sǇsteŵ to test 
adeŶoǀiƌus-ďased theƌapǇ, although it alloǁs oŶlǇ ƌestƌiĐted adeŶoǀiƌal ƌepliĐatioŶ aŶd iŵŵuŶologiĐal 
ƌeageŶts aƌe liŵited foƌ this aŶiŵal sǇsteŵ ;Wold uŶd Toth ϮϬϭϮ; JiaŶg et al. ϮϬϭϰͿ. OŶe possiďilitǇ to 
aŶalǇze the oŶĐolǇtiĐ as ǁell as the iŵŵuŶe stiŵulatoƌǇ effeĐt of adeŶoǀiƌus-ďased theƌapǇ is the 
huŵaŶized ŵouse ŵodel. This ŵodel is ǀeƌǇ ĐhalleŶgiŶg aŶd Đoŵpleǆ, its estaďlishŵeŶt is tiŵe 
iŶteŶsiǀe aŶd eǆpeƌiŵeŶts ĐaŶ ǀaƌǇ due to diffeƌeŶĐes iŶ eŶgƌaftŵeŶt of the iŵŵuŶe sǇsteŵ ;Shultz et 
al. ϮϬϭϮͿ. SǇŶgeŶeiĐ ŵouse ŵodels offeƌ aŶ alteƌŶatiǀe aŶd seǀeƌal sǇsteŵs ƌepƌeseŶtiŶg diffeƌeŶt 
tuŵoƌ eŶtities ;adeŶoĐaƌĐiŶoŵa, hepatoĐaƌĐiŶoŵa, ďladdeƌ tuŵoƌͿ haǀe ďeeŶ desĐƌiďed ;Kiŵ et al. 
ϮϬϭϭ; DiaĐoŶu et al. ϮϬϭϮ; CheŶg et al. ϮϬϭϱͿ. To estaďlish a sǇŶgeŶeiĐ, oƌthotopiĐ tuŵoƌ ŵodel foƌ 
ďladdeƌ ĐaŶĐeƌ, ǁe tested if the ŵuƌiŶe ďladdeƌ ĐaŶĐeƌ Đell liŶe MBϰϵ alloǁs adeŶoǀiƌal ƌepliĐatioŶ. 

 

 

4.5.1 IŶǀestigatioŶ of MBϰϵ Đells foƌ YB-ϭ depeŶdeŶt adeŶoǀiƌal ƌeseaƌĐh  

MaŶǇ ŵouse Đell liŶes aƌe ĐoŶsideƌed defiĐieŶt foƌ adeŶoǀiƌal ƌepliĐatioŶ ;GaŶlǇ et al. ϮϬϬϬͿ. This faĐt 
is ďased oŶ data puďlished deĐades ago ǁhiĐh shoǁed a liŵited peƌŵissiǀeŶess foƌ adeŶoǀiƌal 
ƌepliĐatioŶ iŶ Ŷoƌŵal ŵouse tissue ;GiŶsďeƌg et al. ϭϵϵϭ; HalldéŶ et al. ϮϬϬϯͿ. It is speĐulated that loǁ 
CAR eǆpƌessioŶ aŶd the defiĐieŶĐǇ iŶ ǀiƌal paƌtiĐle foƌŵatioŶ aƌe ƌeasoŶs, ďut this has Ŷot ďeeŶ ĐleaƌlǇ 
shoǁŶ ;Toŵko et al. ϮϬϬϬ; YouŶghusďaŶd et al. ϭϵϳϵͿ. IŶ ĐoŶtƌast, theƌe aƌe soŵe ƌepoƌts aďout ŵuƌiŶe 
tuŵoƌ Đells, e.g. glioŵa Đells, shoǁiŶg peƌŵissiǀeŶess foƌ adeŶoǀiƌal ƌepliĐatioŶ ;JiaŶg et al. ϮϬϭϰ; 
HalldéŶ et al. ϮϬϬϯͿ. We iŶǀestigated if the ŵuƌiŶe MBϰϵ Đells alloǁ ƌepliĐatioŶ of XViƌ-N-ϯϭ aŶd fouŶd 
ǀeƌǇ liŵited ƌepliĐatioŶ ƌates foƌ ďoth XViƌ-N-ϯϭ aŶd WtAd, ǁheƌeďǇ WtAd shoǁed iŶ geŶeƌal slightlǇ 
higheƌ ƌepliĐatioŶ ǀalues. We also shoǁed that MBϰϵ Đells ǁeƌe CAR Ŷegatiǀe ǁhiĐh is iŶ liŶe ǁith 
liteƌatuƌe ;Toŵko et al. ϮϬϬϬͿ. This ĐaŶ eǆplaiŶ the loǁ ƌepliĐatioŶ ǀalues foƌ WtAd, siŶĐe it uses CAR to 
eŶteƌ the Đell. Hoǁeǀeƌ, XViƌ-N-ϯϭ uses its RGD ŵotif foƌ iŶfeĐtioŶ aŶd is theƌeďǇ ŵostlǇ CAR 
iŶdepeŶdeŶt ;RogŶoŶi et al. ϮϬϬϵͿ. Seǀeƌal ǁaǇs to iŵpƌoǀe ǀiƌal iŶfeĐtioŶ ƌates aƌe kŶoǁŶ, e.g. 
polǇŵeƌ-eŶhaŶĐed deliǀeƌǇ, pƌetƌeatŵeŶt of ǀiƌuses ǁith a pƌoteiŶ tƌaŶsduĐtioŶ doŵaiŶ fused to CAR 
oƌ ŵagŶetofeĐtioŶ ;KühŶel et al. ϮϬϬϰ; Tƌesilǁised et al. ϮϬϭϮͿ. We used ŵagŶetofeĐtioŶ to iŵpƌoǀe 
iŶfeĐtioŶ ƌates aŶd this iŶĐƌeased the ƌepliĐatioŶ of WtAd ďut did Ŷot iŶflueŶĐe XViƌ-N-ϯϭ ƌepliĐatioŶ iŶ 
MBϰϵ Đells iŶdiĐatiŶg that ƌepliĐatioŶ of XViƌ-N-ϯϭ seeŵs to ďe iŶflueŶĐed ďǇ otheƌ Đellulaƌ faĐtoƌs oƌ 
sigŶaliŶg pathǁaǇs. IŶ this ĐoŶteǆt ǁe also shoǁed the YB-ϭ positiǀitǇ of MBϰϵ Đells.  
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To fuƌtheƌ uŶdeƌstaŶd aŶd eǆplaiŶ these oďseƌǀatioŶs, ǁe looked at the oŶĐolǇtiĐ ĐapaĐitǇ of XViƌ-N-
ϯϭ ďased ǀiƌuses iŶ MBϰϵ Đells aŶd Đould oďseƌǀe a Đell killiŶg effeĐt staƌtiŶg at ϭϬϬ to ϮϬϬ MOI. IŶ 
ĐoŶteǆt of ouƌ ƌepliĐatioŶ data, these ƌesults seeŵed to ďe ĐoŶtƌadiĐtoƌǇ siŶĐe aŶ oŶĐolǇtiĐ effeĐt is 
Đaused ďǇ aĐtiǀe ǀiƌal ƌepliĐatioŶ. AdditioŶallǇ, ǁe oďseƌǀed a ǀeƌǇ ĐoŶspiĐuous ĐhaŶge iŶ ŵoƌphologǇ 
upoŶ adeŶoǀiƌal iŶfeĐtioŶ ǁhiĐh ǁas diffeƌeŶt to the kŶoǁŶ CPE. Theƌefoƌe, ǁe speĐulate that these 
oďseƌǀatioŶs iŶdiĐate a toǆiĐitǇ iŶduĐed Đell killiŶg Đaused ďǇ too high ǀiƌus ĐoŶĐeŶtƌatioŶs iŶstead of 
ďeiŶg iŶduĐed ďǇ aŶ oŶĐolǇtiĐ effeĐt due to ǀiƌal ƌepliĐatioŶ. All togetheƌ these data ĐoŶfiƌŵ liŵited 
aĐtiǀitǇ of XViƌ-N-ϯϭ iŶ the ŵuƌiŶe ďladdeƌ ĐaŶĐeƌ Đell liŶe MBϰϵ ǁhiĐh ŵight ďe oǁed to the stƌiĐt 
speĐies speĐifiĐitǇ of huŵaŶ adeŶoǀiƌuses, the loǁ iŶfeĐtioŶ ƌates aŶd possiďlǇ also diffeƌeŶĐes iŶ YB-
ϭ loĐatioŶ, ƌegulatioŶ aŶd aĐtiǀatioŶ of the EϮ pƌoŵoteƌ ;RoďiŶsoŶ et al. ϮϬϭϯͿ.  

IŶ ĐoŶtƌast to ouƌ fiŶdiŶgs theƌe is a studǇ shoǁiŶg ǀiƌotheƌapeutiĐ aĐtiǀitǇ of theiƌ ƌeĐoŵďiŶaŶt 
adeŶoǀiƌus iŶ MBϰϵ Đells. HaŶ et al. Đould shoǁ aŶ effiĐieŶt eǆpƌessioŶ of EϭA aŶd theiƌ tƌaŶsgeŶe 
although usiŶg Ƌuite loǁ MOIs ;HaŶ et al. ϮϬϭϯͿ. Based oŶ these data, it is ǁoƌth testiŶg if the defiĐieŶĐǇ 
of XViƌ-N-ϯϭ ƌepliĐatioŶ iŶ MBϰϵ Đells is due to its YB-ϭ depeŶdeŶĐǇ.  

 

 

4.5.2 CoŵďiŶiŶg oŶĐolǇtiĐ ǀiƌotheƌapǇ aŶd ŶutliŶ-ϯa iŶ MBϰϵ Đells  

UŶpuďlished data fƌoŵ ouƌ laď shoǁed that ǀiƌotheƌapeutiĐ effeĐts of XViƌ-N-ϯϭ ĐaŶ ďe tƌeŵeŶdouslǇ 
iŵpƌoǀed upoŶ ĐoŵďiŶatioŶ ǁith Đell ĐǇĐle iŶhiďitoƌs iŶ huŵaŶ ďladdeƌ ĐaŶĐeƌ Đell liŶes. These fiŶdiŶgs 
iŶĐlude eŶhaŶĐed ƌepliĐatioŶ, Đell lǇsis, ǀiƌal paƌtiĐle foƌŵatioŶ aŶd pƌoteiŶ eǆpƌessioŶ. We eǆplaiŶ 
these fiŶdiŶgs ďǇ hǇpothesiziŶg that the doǁŶƌegulatioŶ of EϮFϭ aŶd pRď plaǇ a ŵajoƌ ƌole iŶ the 
iŵpƌoǀed ǀiƌotheƌapeutiĐ effeĐts iŶ huŵaŶ Đell liŶes. We pƌoposed a ŵodel ǁhiĐh asĐƌiďes a ƌepƌessiǀe 
ƌole of EϮFϭ oŶ the EϮ-eaƌlǇ pƌoŵoteƌ aĐtiǀatioŶ that ĐaŶ ďe oǀeƌĐoŵe ďǇ EϮFϭ doǁŶƌegulatioŶ upoŶ 
iŶhiďitoƌ tƌeatŵeŶt leadiŶg to a fullǇ aĐtiǀated EϮ eaƌlǇ pƌoŵoteƌ aŶd a ĐoŶseƋueŶt stƌoŶg ƌepliĐatioŶ 
ƌate. This hǇpothesis Đould ďe fuƌtheƌ stƌeŶgtheŶed ďǇ data shoǁiŶg aŶ iŶĐƌeased ƌepliĐatioŶ of XViƌ-
N-ϯϭ/EϮFŵ Đoŵpaƌed to XViƌ-N-ϯϭ ǁhiĐh iŶĐƌeased eǀeŶ ŵoƌe upoŶ EϮFϭ doǁŶƌegulatioŶ iŶ huŵaŶ 
Đells. 

The iŶteƌplaǇ ďetǁeeŶ EϮFs, pRď aŶd EϭA is Ŷot iŶ detail uŶdeƌstood. EϮFs aƌe tƌaŶsĐƌiptioŶ faĐtoƌs 
that ĐaŶ ďe diǀided iŶto aĐtiǀatiŶg EϮFs ;EϮFϭ to ϯͿ aŶd ƌepƌessiŶg EϮFs ;EϮFϰ to ϳͿ ;Attǁooll et al. ϮϬϬϰͿ. 
The adeŶoǀiƌal EϭA pƌoteiŶ is kŶoǁŶ to ŵaŶipulate the host Đell ĐǇĐle ďǇ ŵaiŶtaiŶiŶg Đell ǀiaďilitǇ aŶd 
iŶduĐiŶg S phase eŶtƌǇ ǁhiĐh is aĐhieǀed ďǇ ďiŶdiŶg of EϭA to poĐket pƌoteiŶs like pRď aŶd pϭϬϳ 
;KaĐzŵaƌek et al. ϭϵϴϲ; Seifƌied et al. ϮϬϬϴͿ. It ǁas loŶg though that ďiŶdiŶg of EϭA to pRď ƌeleases 
EϮFϭ ǁhiĐh thaŶ ŵediates Đell ǀiaďilitǇ ďǇ iŶduĐiŶg DNA sǇŶthesis, DNA ƌepaiƌ aŶd Đell pƌolifeƌatioŶ 
;HeliŶ et al. ϭϵϵϯ; FattaeǇ et al. ϭϵϵϯͿ. Hoǁeǀeƌ, this ŵeĐhaŶisŵ has ďeeŶ ƋuestioŶed ďǇ fiŶdiŶgs 
shoǁiŶg that EϭA seleĐtiǀelǇ disƌupts pRď-EϮFϰ Đoŵpleǆes ǁheƌeďǇ leaǀiŶg pRď-EϮFϭ iŶteƌaĐtioŶ staďle 
;Seifƌied et al. ϮϬϬϴͿ. These data ĐhalleŶge the ĐoŵŵoŶ kŶoǁledge that EϭA ƌeleases EϮFϭ to ŵediate 
Đellulaƌ ǀiaďilitǇ aŶd theǇ stƌeŶgtheŶ ouƌ hǇpothesis that EϮFϭ has a ƌepƌessiǀe fuŶĐtioŶ oŶ the 
adeŶoǀiƌal EϮ eaƌlǇ pƌoŵoteƌ ;BagĐhi et al. ϭϵϵϬͿ. 
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WithiŶ this pƌojeĐt, ǁe aŶalǇzed if a ĐoŵďiŶatoƌial appƌoaĐh usiŶg ŶutliŶ-ϯa togetheƌ ǁith XViƌ-N-
ϯϭ ĐaŶ eŶaďle YB-ϭ ďased adeŶoǀiƌal ƌeseaƌĐh iŶ MBϰϵ Đells aŶd fuƌtheƌ oŶ, if the uŶdeƌlǇiŶg 
ŵeĐhaŶisŵ iŶ ŵuƌiŶe Đells is, as iŶ huŵaŶ Đells, EϮFϭ depeŶdeŶt. We shoǁed that ŶutliŶ-ϯa eŶhaŶĐed 
ǀiƌal ƌepliĐatioŶ, tƌaŶsgeŶe eǆpƌessioŶ aŶd also Đell killiŶg ĐapaĐitǇ. Fuƌtheƌ oŶ, ŶutliŶ-ϯa iŶduĐed 
doǁŶƌegulatioŶ of pRď aŶd EϮFϭ aŶd Đaused a Đell ĐǇĐle aƌƌest iŶ Gϭ ǁhiĐh has ďeeŶ ƌepoƌted ďǇ ŵaŶǇ 
otheƌs iŶ ǀaƌious huŵaŶ, pϱϯ ǁild tǇpe Đell liŶes ;Walsh et al. ϮϬϭϱ; AŵďƌosiŶi et al. ϮϬϬϳ; Du et al. 
ϮϬϬϵͿ. IŶ oƌdeƌ to shoǁ that the ŵodel ǁe deǀeloped foƌ huŵaŶ Đells is also tƌue iŶ a ŵuƌiŶe 
ďaĐkgƌouŶd, ǁe ŵeasuƌed the ƌepliĐatioŶ of XViƌ-N-ϯϭ/EϮFŵ ďut Đould Ŷot see aŶ iŶĐƌease iŶ fiďeƌ 
DNA. This iŶdiĐated that a EϮFϭ-pRď iŶdepeŶdeŶt ƌegulatioŶ is ƌespoŶsiďle foƌ the upƌegulated 
ǀiƌotheƌapeutiĐ effeĐts iŶ MBϰϵ. It is iŵagiŶaďle, that YB-ϭ plaǇs a ĐeŶtƌal ƌole iŶ this ƌegaƌd aŶd it is 
iŵpoƌtaŶt to ĐoŶsideƌ the speĐies speĐifiĐitǇ of huŵaŶ adeŶoǀiƌuses aŶd that theǇ ŵight ďehaǀe 
diffeƌeŶt iŶ ŵuƌiŶe Đells thaŶ iŶ huŵaŶ Đells. These diffeƌeŶĐes iŶ adeŶoǀiƌal ƌegulatioŶ ĐaŶ iŶĐlude 
ǀaƌiatioŶs iŶ the EϮ geŶe aĐtiǀatioŶ ǀia YB-ϭ aŶd EϮFϭ aŶd also iŶ the iŶteƌplaǇ of EϮF/pRď aŶd EϭA.  

Although ǁe ǁeƌe aďle to shoǁ aŶ upƌegulatioŶ iŶ ǀiƌotheƌapeutiĐ effeĐts upoŶ ĐoŵďiŶatioŶ ǁith 
ŶutliŶ-ϯa, this effeĐt has to ďe fuƌtheƌ iŶĐƌeased to iŶǀestigate XViƌ-N-ϯϭ iŶ a sǇŶgeŶeiĐ in vivo ŵodel. 
Higheƌ iŶfeĐtioŶ ƌates aƌe foƌ suƌe oŶe faĐtoƌ that ĐaŶ iŵpƌoǀe adeŶoǀiƌal ƌepliĐatioŶ. But to Đause a 
tƌeŵeŶdous iŶĐƌease iŶ ƌepliĐatioŶ ƌates it is iŶeǀitaďle to fullǇ uŶdeƌstaŶd the iŶǀolǀed ŵeĐhaŶisŵs iŶ 
oƌdeƌ to aĐĐuƌatelǇ ŵaŶipulate theŵ. Fuƌtheƌ iŶhiďitoƌs haǀe to ďe ĐoŵďiŶed ǁith XViƌ-N-ϯϭ to 
iŶǀestigate if ouƌ fiŶdiŶgs aƌe ƌepƌoduĐiďle ǁheŶ usiŶg diffeƌeŶt Đell ĐǇĐle iŶhiďitoƌs. IŶ this ƌegaƌd, ǁe 
ďegaŶ to eǀaluate the CDKϰ/ϲ iŶhiďitoƌ PD-ϬϯϯϮϵϵϭ iŶ a ĐoŵďiŶatoƌial appƌoaĐh. So faƌ, ǁe shoǁed 
eŶhaŶĐed ǀiƌal ƌepliĐatioŶ upoŶ siŶgle tƌeatŵeŶt ǁith PD-ϬϯϯϮϵϵϭ aŶd PD-ϬϯϯϮϵϵϭ iŶ ĐoŵďiŶatioŶ 
ǁith ŶutliŶ-ϯa. The ďioĐheŵiĐal effeĐts of PD-ϬϯϯϮϵϵϭ ĐoŵďiŶed ǁith ŶutliŶ-ϯa haǀe ďeeŶ eǆploƌed 
oŶlǇ oŶĐe shoǁiŶg aŶ eǀeŶ stƌoŶgeƌ iŶduĐtioŶ of Gϭ aƌƌest aŶd EϮFϭ doǁŶƌegulatioŶ Đoŵpaƌed to 
siŶgle tƌeatŵeŶt ;Pollutƌi, ϮϬϭϰͿ. The detailed effeĐts aŶd ŵeĐhaŶisŵs of this ĐoŵďiŶatioŶ aŶd theiƌ 
ƌeleǀaŶĐe iŶ ouƌ ĐoŶteǆt ƌeŵaiŶ to ďe eǆploƌed. 

WithiŶ this pƌojeĐt, it ǁas ouƌ aiŵ to eŶaďle adeŶoǀiƌal ƌepliĐatioŶ iŶ a ŵuƌiŶe Đell liŶe iŶ oƌdeƌ to 
geŶeƌate a sǇŶgeŶeiĐ ŵouse ŵodel that alloǁs the iŵŵuŶologiĐal ĐhaƌaĐteƌizatioŶ of the Ŷoǀel ǀiƌo-
iŵŵuŶotheƌapǇ appƌoaĐh. With ouƌ in vitro fiŶdiŶgs, ǁe aƌe aďout to uŶleash the liŵitatioŶs of YB-ϭ 
ďased adeŶoǀiƌal ƌepliĐatioŶ iŶ the ŵuƌiŶe ĐaŶĐeƌ Đell liŶe MBϰϵ.   

 

 

4.6 The ultƌasouŶd guided oƌthotopiĐ ďladdeƌ ĐaŶĐeƌ ŵouse ŵodel 

4.6.1 EstaďlishŵeŶt of the ultƌasouŶd guided oƌthotopiĐ ďladdeƌ ĐaŶĐeƌ 

ŵouse ŵodel  

IŶ this pƌojeĐt, ǁe haǀe estaďlished the ultƌasouŶd guided oƌthotopiĐ ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ. 
Theƌefoƌe, aŶ iŵagiŶg statioŶ ĐoŶsistiŶg of aŶ iŵagiŶg platfoƌŵ aŶd a highlǇ pƌeĐise ŵouŶtiŶg foƌ the 
Ŷeedle aƌe Ŷeeded. IŶitiallǇ ǁe tƌied to ďuild the Ŷeedle ŵouŶtiŶg oŶ ouƌ oǁŶ usiŶg a photo tƌipod aŶd 
a self-ŵade ĐoŶstƌuĐtioŶ to fiǆ the Ŷeedle. Hoǁeǀeƌ, seǀeƌal atteŵpts shoǁed the eŶoƌŵous seŶsitiǀitǇ 
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aŶd pƌeĐiositǇ that is Ŷeeded to hit the laŵiŶa pƌopƌia of the ďladdeƌ. The self-ŵade ĐoŶstƌuĐtioŶ Đould 
Ŷot ǁithstaŶd these deŵaŶds aŶd thus ǁe deĐided to use the pƌofessioŶal ŵouŶtiŶg statioŶ. WheŶ 
estaďlishiŶg the ŵodel, ǁe ƌealized that the isofluƌaŶe aŶesthesia Đaused a ďladdeƌ eŵptǇiŶg ǁhiĐh 
had the ĐoŶseƋueŶĐe that the ďladdeƌ ǁas ǀeƌǇ ŵoǀaďle aŶd fleǆiďle aŶd iŶtƌaŵuƌal iŶjeĐtioŶs ǁeƌe 
Ŷot feasiďle. Theƌefoƌe, ǁe had to Đatheteƌize eǀeƌǇ ďladdeƌ. We figuƌed out that aŶ MMF aŶesthesia 
did Ŷot iŶduĐe a ďladdeƌ eŵptǇiŶg aŶd ǁe ǁeƌe aďle to iŶjeĐt oŶe ŵouse iŶ ƌoughlǇ ϰϱ ŵiŶutes. We 
aƌe ĐoŶǀiŶĐed that this huge tiŵe faĐtoƌ ĐaŶ ďe sigŶifiĐaŶtlǇ deĐƌeased ďǇ iŶteŶsiǀe pƌaĐtiĐiŶg.  

IŶ the oƌigiŶal puďliĐatioŶ fƌoŵ Jägeƌ et al. ϮϬϭϰ, iŶtƌaŵuƌal iŶjeĐtioŶs ǁeƌe peƌfoƌŵed uŶdeƌ 
isofluƌaŶe aŶesthesia aŶd theǇ Ŷeeded aŶ aǀeƌage tiŵe of ϯ to ϴ ŵiŶutes peƌ ŵouse. Heƌe, the loŶg 
eǆpeƌieŶĐe aŶd a peƌfeĐtlǇ oƌgaŶized ŵouse faĐilitǇ haǀe to ďe ĐoŶsideƌed ǁheŶ ĐoŵpaƌiŶg ǁith ouƌ 
data.  

Afteƌ ǁe haǀe estaďlished the eǆpeƌiŵeŶtal setup, ǁe ďegaŶ to geŶeƌate the ǆeŶogƌaft ŵodel usiŶg 
UMUCϯ Đells oŶ the oŶe haŶd aŶd the sǇŶgeŶeiĐ ŵouse ŵodel usiŶg MBϰϵ Đells oŶ the otheƌ haŶd. 
Foƌ the sǇŶgeŶeiĐ ŵouse ŵodel, ǁe tƌied ǀaƌious ĐoŶĐeŶtƌatioŶs of MBϰϵ Đells. We had a tuŵoƌ uptake 
of ϭϬϬ %, hoǁeǀeƌ, the tested Đell Ŷuŵďeƌs ǁeƌe too high aŶd led to aŶ uŶĐoŶtƌolled aŶd eǆtƌeŵe fast 
tuŵoƌ gƌoǁth. EǀeŶ ǁith as little as ϳϬ ϬϬϬ MBϰϵ Đells, ŵiĐe deǀeloped tuŵoƌs ǁith aŶ aǀeƌage size of 
ϯϮ ŵŵϯ at daǇ ϱ afteƌ iŶjeĐtioŶ shoǁiŶg the aggƌessiǀeŶess of this Đell liŶe. Befoƌe usiŶg the sǇŶgeŶeiĐ 
ŵodel to studǇ XViƌ-N-ϯϭ ďased ǀiƌotheƌapǇ iŶ the futuƌe, aŶ appƌopƌiate Đell Ŷuŵďeƌ leadiŶg to 
tƌeataďle tuŵoƌs has to ďe fouŶd. ReĐeŶtlǇ, this sǇŶgeŶeiĐ, oƌthotopiĐ ďladdeƌ ĐaŶĐeƌ ŵouse ŵodel 
ǁas puďlished foƌ the fiƌst tiŵe shoǁiŶg that iŶjeĐtioŶ of ϮϬ ϬϬϬ MBϰϵ Đells led to a ĐoŶsisteŶt tuŵoƌ 
gƌoǁth ;ǀaŶ HooƌeŶ et al. ϮϬϭϳͿ. 

Foƌ the ǆeŶogƌaft ŵouse ŵodel, ǁe used ϮϬϬ ϬϬϬ UMUCϯ Đells foƌ the iŶjeĐtioŶs ǁhiĐh led to 
deteĐtaďle tuŵoƌs oŶ daǇ ϰ iŶ all aŶiŵals ;ϭϬϬ % tuŵoƌ uptakeͿ aŶd aŶ aǀeƌage tuŵoƌ size of Ϯϰ ŵŵϯ 
oŶ daǇ ϭϬ. SiŶĐe theƌe ǁeƌe ǀaƌiatioŶs iŶ tuŵoƌ gƌoǁth aŶd tuŵoƌ ǀoluŵes ƌeaĐhed the eǆpeƌiŵeŶtal 
eŶd poiŶt too fast, it ŵight ďe ǁoƌth testiŶg loǁeƌ Đell ĐoŶĐeŶtƌatioŶs iŶ oƌdeƌ to get a ĐoŶtƌollaďle 
tuŵoƌ gƌoǁth  

 

 

4.6.2 TheƌapeutiĐ effeĐt of XViƌ-N-ϯϭ iŶ the ultƌasouŶd guided, oƌthotopiĐ 

ďladdeƌ ĐaŶĐeƌ ŵouse ŵodel  

WithiŶ this pƌojeĐt, ǁe ƌeǀealed the theƌapeutiĐ poteŶtial of XViƌ-N-ϯϭ usiŶg the ultƌasouŶd guided 
oƌthotopiĐ ŵouse ŵodel foƌ ďladdeƌ ĐaŶĐeƌ. We Đould shoǁ that XViƌ-N-ϯϭ as a ŵoŶotheƌapǇ 
sigŶifiĐaŶtlǇ sloǁed doǁŶ tuŵoƌ gƌoǁth iŶ this sophistiĐated tuŵoƌ ŵodel, although ǁe used a 
ƌelatiǀelǇ sŵall Ŷuŵďeƌ of aŶiŵals peƌ gƌoup. A Đoŵplete tuŵoƌ ƌegƌessioŶ ǁas Ŷot aĐhieǀed ǁhiĐh is 
iŶ liŶe ǁith puďlished data deŵoŶstƌatiŶg the diffiĐultǇ to ĐoŵpletelǇ eƌadiĐate tuŵoƌs iŶ 
iŵŵuŶodefiĐieŶt ǆeŶogƌaft ŵodels iŶ ǁhiĐh the iŵŵuŶe ƌespoŶse agaiŶst the tuŵoƌ is Ŷot pƌeseŶt. 
This ǁas ĐoŶfiƌŵed iŶ eǆpeƌiŵeŶts ǁheƌe the aďlatioŶ of T Đells iŶ aŶ iŵŵuŶoĐoŵpeteŶt ŵouse ŵodel 
sigŶifiĐaŶtlǇ ƌeduĐed the effiĐaĐǇ of oŶĐolǇsis ;TǇsoŵe et al., ϮϬϭϮ; KleijŶ et al., ϮϬϭϳͿ. IŶ additioŶ, siŶĐe 
ŶuĐleaƌ YB-ϭ is a pƌeƌeƋuisite foƌ ǀiƌal ƌepliĐatioŶ of XViƌ-N-ϯϭ, ĐoŵďiŶatioŶ tƌeatŵeŶts ǁith 
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ĐheŵotheƌapǇ oƌ ƌadiatioŶ theƌapǇ ǁhiĐh tƌaŶsloĐate YB-ϭ iŶto the ŶuĐleus aƌe ǁaƌƌaŶted aŶd ĐaŶ help 
to fuƌtheƌ iŵpƌoǀe the theƌapeutiĐ aĐtiǀitǇ ;Bieleƌ et al., ϮϬϬϴͿ. 

 

 

4.7 Outlook 

IŶ this pƌojeĐt, ǁe ďegaŶ to iŶǀestigate a ǀiƌo-iŵŵuŶotheƌapeutiĐ appƌoaĐh foƌ ďladdeƌ ĐaŶĐeƌ. 
Theƌefoƌe, ǁe geŶeƌated the Ŷoǀel ǀiƌus XViƌ-N-ϯϭ-aPD-Lϭ aŶd pƌoǀided the ďasis foƌ fuƌtheƌ in vivo 
eǆpeƌiŵeŶts. Hoǁeǀeƌ, the ŵost ƌeleǀaŶt aŶd iŵpoƌtaŶt ƋuestioŶs ƌeŵaiŶ to ďe aŶsǁeƌed. IŶ the 
futuƌe, ǁe ǁaŶt to addƌess the iŵŵuŶologiĐal aspeĐts of this theƌapǇ. HeƌeiŶ, ǁe plaŶ to aŶalǇze a 
ďƌoad speĐtƌuŵ ƌaŶgiŶg fƌoŵ ďasiĐ ƋuestioŶs like eǆpƌessioŶ leǀels of PD-Lϭ, IFNǇ aŶd EϮFs pƌe-aŶd 
post-iŶfeĐtioŶ till aŶalǇsis of iŶfiltƌatiŶg iŵŵuŶe Đells aŶd theiƌ fuŶĐtioŶ. Moƌeoǀeƌ, it is iŵpoƌtaŶt to 
iŶǀestigate if iŶhiďitiŶg PD-ϭ/PD-Lϭ sigŶaliŶg aŶd the ĐoŶseƋueŶt aĐtiǀatioŶ of the iŵŵuŶe sǇsteŵ 
ƌeŵaiŶs the poteŶĐǇ of XViƌ-N-ϯϭ-aPD-Lϭ ;Dias et al. ϮϬϭϮͿ. Fuƌtheƌ oŶ, ǁe plaŶ to eǀaluate the 
iŶduĐtioŶ of a sǇsteŵiĐ aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse that ĐaŶ fight also distaŶt ŵetastasis. This aspeĐt 
is of high ĐliŶiĐal ƌeleǀaŶĐe aŶd the geŶeƌatioŶ of a sǇsteŵiĐ effeĐt ǁhiĐh eŶaďles the foƌŵatioŶ of 
ŵeŵoƌǇ T Đells ŵight ďe the keǇ to a loŶg lastiŶg aŶti-tuŵoƌ iŵŵuŶe ƌespoŶse. TheƌeďǇ, deletiŶg T Đell 
suďpopulatioŶs ĐaŶ help to ideŶtifǇ iŵpoƌtaŶt iŵŵuŶe Đells aŶd uŶdeƌstaŶd the uŶdeƌlǇiŶg ŵeĐhaŶisŵ 
of this Ŷoǀel theƌapeutiĐ appƌoaĐh.  

IŶ oƌdeƌ to aŶalǇze the aďoǀe ŵeŶtioŶed iŵŵuŶologiĐal aspeĐts of ǀiƌotheƌapǇ iŶ aŶ 
iŵŵuŶoĐoŵpeteŶt ŵouse ŵodel, ǁe ďegaŶ to iŶǀestigate YB-ϭ ďased adeŶoǀiƌal ƌeseaƌĐh iŶ ŵuƌiŶe 
MBϰϵ Đells. HeƌeiŶ, ǁe fouŶd that ŶutliŶ-ϯa iŵpƌoǀed ƌepliĐatioŶ of XViƌ-N-ϯϭ aŶd that this effeĐt 
seeŵs, iŶ ĐoŶtƌast to huŵaŶ Đells, iŶdepeŶdeŶt of EϮFϭ aŶd pRď doǁŶƌegulatioŶ. Vaƌious aspeĐts 
should ďe studied iŶ oƌdeƌ to uŶĐoǀeƌ this ŵeĐhaŶisŵ iŶ detail. HeƌeiŶ, it ǁould ďe iŶteƌestiŶg to 
aŶalǇze the aĐtiǀatioŶ of the EϮ late pƌoŵoteƌ ďǇ lookiŶg at YB-ϭ eǆpƌessioŶ, Đellulaƌ loĐalizatioŶ aŶd 
its ŶuĐleaƌ tƌaŶsloĐatioŶ. Fuƌtheƌ oŶ, eǆpƌessioŶ of EϮFϭ aŶd its iŶflueŶĐe oŶ EϮeaƌlǇ pƌoŵoteƌ haǀe to 
ďe studied. AdditioŶallǇ, ďased oŶ the puďliĐatioŶ fƌoŵ Lashaŵ et al. fƌoŵ ϮϬϭϮ, it ǁould ďe ǁoƌth 
eǀaluatiŶg the ƌegulatioŶ of EϮFϭ ďǇ YB-ϭ aŶd theiƌ iŶflueŶĐe oŶ adeŶoǀiƌus ƌepliĐatioŶ ;Lashaŵ et al. 
ϮϬϭϮͿ. Moƌeoǀeƌ, it is ŶeĐessaƌǇ to eǆploƌe the ďioĐheŵiĐal effeĐts of ŶutliŶ-ϯa as ǁell as the ƌoles of 
ĐǇĐliŶs, Rď aŶd pϱϯ iŶ the ĐoŶteǆt of XViƌ-N-ϯϭ iŶ oƌdeƌ to oǀeƌĐoŵe the stƌiĐt speĐies speĐifiĐitǇ of 
huŵaŶ adeŶoǀiƌuses.  

Altogetheƌ, the ǀiƌo-iŵŵuŶotheƌapeutiĐ appƌoaĐh is a Ŷoǀel aŶd iŶŶoǀatiǀe stƌategǇ that is aďout 
to ďeĐoŵe aŶ iŶtegƌatiǀe paƌt of ĐaŶĐeƌ theƌapǇ aŶd offeƌs hope foƌ a suĐĐessful tƌeatŵeŶt of ďladdeƌ 
ĐaŶĐeƌ.  
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Affidavit  
 

I heƌeďǇ deĐlaƌe that the disseƌtatioŶ titled  
EstaďlishŵeŶt of aŶ oƌthotopiĐ ďladdeƌ ĐaŶĐeƌ ŵouse ŵodel foƌ the assessŵeŶt of a Ŷoǀel YB-ϭ ďased 
ǀiƌo-iŵŵuŶotheƌapǇ in vivo  
pƌepaƌed uŶdeƌ the guidaŶĐe aŶd supeƌǀisioŶ of  
PD Dƌ. Peƌ SoŶŶe Holŵ      at the DepaƌtŵeŶt of UƌologǇ  
aŶd suďŵitted to the degƌee-aǁaƌdiŶg iŶstitutioŶ of MediĐiŶe at the TeĐhŶiĐal UŶiǀeƌsitǇ MuŶiĐh is ŵǇ 
oǁŶ, oƌigiŶal ǁoƌk uŶdeƌtakeŶ iŶ paƌtial fulfillŵeŶt of the ƌeƋuiƌeŵeŶts of the doĐtoƌal degƌee. I haǀe 
ŵade Ŷo use of souƌĐes, ŵateƌials oƌ assistaŶĐe otheƌ thaŶ those speĐified iŶ §ϲ;ϲͿ aŶd ;ϳͿ, Đlause Ϯ.  
[ X ]  I haǀe Ŷot eŵploǇed the seƌǀiĐe of aŶ oƌgaŶizatioŶ that pƌoǀides disseƌtatioŶ supeƌǀisoƌs iŶ ƌetuƌŶ 
foƌ paǇŵeŶt oƌ that fulfills, iŶ ǁhole oƌ iŶ paƌt, the oďligatioŶs iŶĐuŵďeŶt oŶ ŵe iŶ ĐoŶŶeĐtioŶ ǁith ŵǇ 
disseƌtatioŶ.  
[ X ] I haǀe Ŷot suďŵitted the disseƌtatioŶ, eitheƌ iŶ the pƌeseŶt oƌ iŶ a siŵilaƌ foƌŵ, as paƌt of aŶotheƌ 
eǆaŵiŶatioŶ pƌoĐess.  
[   ] The Đoŵplete disseƌtatioŶ ǁas puďlished iŶ  
The degƌee- aǁaƌdiŶg iŶstitutioŶ  
has appƌoǀed pƌioƌ puďliĐatioŶ of the disseƌtatioŶ. 
[   ] I haǀe Ŷot Ǉet ďeeŶ aǁaƌded the desiƌed doĐtoƌal degƌee Ŷoƌ haǀe I failed the last possiďle atteŵpt 
to oďtaiŶ the desiƌed degƌee iŶ a pƌeǀious doĐtoƌal pƌogƌaŵ. 
[   ] I haǀe alƌeadǇ applied foƌ adŵissioŶ to a doĐtoƌal pƌogƌaŵ at the sĐhool oƌ Đollege of  
 

at ;uŶiǀeƌsitǇͿ  
ďǇ suďŵittiŶg the disseƌtatioŶ oŶ the topiĐ  
 

ǁith the ƌesult:  
I aŵ faŵiliaƌ ǁith the puďliĐlǇ aǀailaďle ƌegulatioŶs of the Aǁaƌd of DoĐtoƌal Degƌees of TUM, §Ϯϴ 
;iŶǀalidatioŶ of doĐtoƌal degƌeeͿ aŶd §Ϯϵ ;ƌeǀoĐatioŶ of doĐtoƌal degƌeeͿ. I aŵ aǁaƌe of the 
ĐoŶseƋueŶĐes of filliŶg a false affidaǀit.  
 

[ X ] I agƌee   [   ] I do Ŷot agƌee  
That ŵǇ peƌsoŶal data is stoƌed iŶ the TUM aluŵŶi dataďase.  
 

MuŶiĐh, ϵ.Ϯ.ϮϬϭϴ 

 


