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A st a t  

 

O ol ti  i uses a e a o el the apeuti  app oa h fo  a e  t eat e t. The  ause a tu o -
spe ifi  ell l sis a d i du e a  i u e sti ulato  effe t. T-Ve , a ge eti all  odified he pes si ple  

i us a i g a ge e fo  GM-CSF, is the fi st o ol ti  i us app o ed fo  a e  t eat e t. I  a e e t 
stud , e elle t esults e e o tai ed  o i i g T-Ve  ith PD-L  lo kade de o st ati g the 
highl  effe ti e the apeuti  i pa t of o ol ti  i othe ap  i  o i atio  ith i u e he kpoi t 

lo kade.  
I  this p oje t, e ge e ated the o el i us XVi -N- -aPD-L , a YB-  depe de t o ol ti  

ade o i us o tai i g a t a sge e fo  a  a ti-PD-L  a ti od  hi h o i es XVi -N-  ith a PD-L  
spe ifi  i u e he kpoi t lo kade. XVi -N- -aPD-L  sho ed effi ie t epli atio  a d ell l sis i  
the hu a  ladde  a e  ell li e UMUC . Fu the  o , e de o st ated the t a sge e e p essio , 
a ti od  s thesis a d se etio  a d the spe ifi  i di g of the a ti od  to its a tige .  

I  o de  to a al ze the the apeuti  effe t of XVi -N- -aPD-L  i  a  i u o o pete t, s ge ei  
ouse odel, e tested if the u i e MB  ells a e suita le fo  ade o i al epli atio . We e e a le 

to o e o e the lo  pe issi e ess of u i e MB  ells fo  hu a  ade o i us  use of the Md  
i hi ito  utli - a. Nutli - a led to a sig ifi a t i ease i  i al epli atio , ell killi g effe t a d 
a ti od  s thesis i  XVi -N- -aPD-L  i fe ted ells. To ide tif  the u de l i g e ha is , e 
a al zed the io he i al effe ts a d fou d that utli - a i du ed a G  a est a d do egulated pR  
a d E F  suggesti g that E F  do egulatio  suppo ts ade o i al epli atio .  

I  o de  to i estigate XVi -N-  as a e  the apeuti  app oa h fo  ladde  a e , e esta lished 
a  o thotopi , ult asou d guided e og aft ouse odel fo  ladde  a e  usi g the hu a  UMUC  
ells. This ethod is i i all  i asi e a d uses a  ult asou d- ased te h i ue fo  highl  p e ise 

tu o  ell i je tio s i to the la i a p op ia of the ladde . We fou d that ou  YB-  ased i othe ap  
is a le to sig ifi a tl  edu e tu o  g o th   % i  the o thotopi  ouse odel. Fu the o e, e 
su essfull  esta lished a s ge ei , i u o o pete t odel usi g MB  ells. This odel a  e 
used i  the futu e to e aluate the i pa t of the i u e s ste  o  the the apeuti  effe t of ou  YB-  

ased i o-i u othe ap .  
Co side i g the e e t a hie e e ts of i othe ap  i  o i atio  ith i u e he kpoi t 

lo kade, ou  fi di gs a e a  i po ta t step i  t a slati g the YB-  ased i othe ap  i to the li i  
fo  ladde  a e  the ap .  
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Zusa e fassu g  
O kol tis he Vi e  si d ei  eue  the apeutis he  A satz fü  die K e s eha dlu g, el he ei e 

selekti e L se o  Tu o zelle  i duzie e  u d dadu h das I u s ste  sti ulie e . T-Ve , ei  
ge etis h e ä de tes, GM-CSF e p i ie e des He pes si ple  Vi us, ist das e ste fü  die Beha dlu g 
o  Tu o e  zugelasse e o kol tis he Vi us. I  ei e  eue  Studie u de  he o age de E ge isse 

du h die Ko i atio  o  T-Ve  it ei e  PD-L  Blo kade e zielt. Diese Resultate de o st ie e  die 
ho heffekti e the apeutis he Wi ku g de  o kol tis he  Vi othe apie i  Ko i atio  it 
I u he kpoi t lo kade.  

I  diese  P ojekt u de das eue Vi us XVi -N- -aPD-L  ge e ie t, el hes fü  ei e  a ti-PD-L  
A tikö pe  kodie t u d so it das YB-  a hä gige o kol tis he Ade o i us XVi -N-  it ei e  PD-L  
spezifis he  I u he kpoi t lo kade ko i ie t. XVi -N- -aPD-L  zeigte effekti e Replikatio  u d 
Zelll se i  de  hu a e  Blase ka zi o zelle  UMUC . Auße de  ko te die T a sge e p essio , die 
S these u d Sek etio  des A tikö pe s so ie die spezifis he Bi du g des A tikö pe s a  das A tige  

a hge iese  e de .  
U  de  the apeutis he  Effekt o  XVi -N- -aPD-L  i  ei e  i u ko pete te  s ge e  

Maus odell zu u te su he , u de die u i e Zellli ie MB  auf ih e Eig u g fü  ade o i ale 
Replikatio  u te su ht. Die ge i ge E pfä gli hkeit o  u i e  MB  Zelle  fü  hu a e Ade o i e  
ko te du h die Ve e du g des Md  I hi ito s Nutli - a ü e u de  e de . Nutli - a füh te 
zu ei e  sig ifika t e höhte  Replikatio , Zelll se u d A tikö pe s these o  XVi -N- -aPD-L  
i fizie te  Zelle . U  de  zug u deliege de  Me ha is us zu e stehe , u de  die io he is he  
Effekte o  Nutli - a u te su ht. Da ei ko te gezeigt e de , dass Nutli - a ei e  G  A est 
i duzie t u d pR  u d E F  u te egulie t, as zu de  Ve utu g füh te, dass ei e eduzie te E F  
E p essio  ade o i ale Replikatio  u te stützt.  

U  XVi -N-  als eue  the apeutis he  A satz fü  das Blase ka zi o  zu u te su he , u de ei  
o thotopes, ult as hallgesteue tes e og aft Maus odell u te  Ve e du g de  hu a e  UMUC  
Zelle  eta lie t. Diese Methode ist i i ali asi  u d ithilfe de  ult as hall asie te  Te h ik kö e  
ho hp äzise I jektio e  i  die La i a P op ia de  Blase a d du hgefüh t e de . I  de  
o thotope  Maus odell füh te die YB-  asie te Vi othe apie zu ei e  sig ifika te  Reduzie u g des 
Tu o a hstu s u  %. Des Weite e  u de ei  s ge es, i u ko pete tes Maus odell u te  
Ve e du g de  u i e  MB  Zelle  eta lie t. Dieses Model ka  i  Zuku ft e e det e de , u  
de  Ei fluss des I u s ste s auf de  the apeutis he  Effekt u se e  YB-  asie te  Vi o-
I u the apie zu u te su he .  

Diese E ge isse si d a gesi hts de  euste  E u ge s hafte  de  Vi othe apie i  Ko i atio  
it I u he kpoi t lo kade ei  i htige  S h itt, u  die YB-  asie te Vi othe apie zu  Beha dlu g 

o  Blase k e s i  die Kli ik zu ü e t age .  
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1 I t odu tio  

Bladde  a e  is defi ed as a eoplasti  lesio  o igi ati g f o  the tissue of the u i a  ladde . 
Mo e tha   % of ladde  tu o s a ise f o  the epitheliu  a d the ajo it  of these a e u othelial 
a i o as affe ti g the u otheliu  Ta aka et al. . 

The app o al of diffe e t i u e he kpoi t i hi ito s has ope ed a e  field i  a e  the ap . 
Ta geti g the P og a ed death p otei   PD-  o  P og a ed death  liga d  PD-L  ith 
a ti odies is e o i g sta da d of a e t eat e t fo  ultiple tu o  e tities, i ludi g etastati  

ela o a, lu g, kid e  a d also ladde  a e  Sha a u d Alliso  . It u lo ks i u e 
supp essi e path a s a d i du es a o siste t a ti-tu o  i u e espo se. Ho e e , the use of PD-

/PD-L  i hi ito s lea l  sho ed that the ajo it  of patie ts  –  %  is esista t a d does ot 
e efit f o  this the ap . I e se esea h a ti it  o  this field ought light i to the e ha is s of 
esista e a d sho ed that the e p essio  of ta get ole ules o  oth tu o  ells a d i u e ells 

is u sta le ut a  e i du ed  i t i si  as ell as e t i si  fa to s Ritp ajak u d Azu a . I  
additio , it as also sho  that the p ese e of CD + T ells is a dato  Pa doll . These esults 
se e as the atio al to o i e i u e he kpoi t lo kade ICB  ith a  i u e sti ulato  
the ap  like i othe ap  Ri as et al. .  

O ol ti  i uses e e u de esti ated fo  de ades. Ho e e , the app o al of Tali oge e 
lahe pa ep e  T-Ve  de o st ates thei  i e se po e  i  a e  the ap  Reh a  et al. . 
O ol ti  i uses i du e a e  ell l sis a d the e  ause a st o g i u e sti ulato  effe t Guo 
et al. . The h pothesis of o i i g PD- /PD-L  spe ifi  i u e he kpoi t lo kade ICB  a d 
o ol ti  i othe ap  as just e e tl  p o e  ight Ri as et al. . This stud  a hie ed a  
outsta di g o je ti e espo se ate of  % ith a o plete espo se ate of  %. It de o st ated 
that o ol ti  i uses ha ge the tu o  i oe i o e t due to thei  i u e sti ulato  effe t a d 
the e  i p o e ICB Ri as et al. .  

These e eptio al fi di gs a e li i all  highl  i po ta t a d se e as a asis fo  e  a d auspi ious 
o i ato ial i o-i u othe ap -app oa hes i  a a iet  of a e s, i ludi g ladde  a e . I  this 

p oje t, e ai ed to de elop a d ha a te ize the o el o i atio  the ap  usi g YB-  ased 
i othe ap  a d a PD-L  spe ifi  i u e he kpoi t lo kade.  

 

 

1.1 Epide iolog  of ladde  a e  

Bladde  a e  is the i th ost o o  a e  o ld ide a d the se o d ost o o  
ge itou i a  a e . The e e e a  esti ated   patie ts diag osed fo  ladde  a e  a d  

 deaths f o  ladde  a e  i   Fe la  et al. . It o u s o e ofte  i  a  tha  i  o e  
o ld ide se  atio of , :  a d  % of all i ide t ases a e diag osed i  o e de eloped ou t ies 

Fe la  et al. . Risk fa to s fo  de elopi g ladde  a e  a e ai l  e i o e tal ith iga ette 
s oki g as o e of the est-esta lished fa to s. App o i atel   % of all BLCA a e asso iated ith 
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s oki g F eed a  et al. . The e is a  al ost li ea  o elatio  et ee  the isk of ladde  
a e  a d the du atio  of s oki g.  ea s of s oki g i eases the isk fo  ladde  a e  oughl  

a out  % a d  ea s of s oki g a out  % B e a  et al. . The se o d ost i po ta t 
isk fa to  fo  ladde  a e  is the e posu e to a i oge s like pol li  a o ati  h d o a o s, 

a o ati  a i es a d hlo i ated h d o a o s. These fa to s o u  ai l  i  i dust ial a eas a d a e 
asso iated ith oughl   % of all ladde  a e  ases Bu ge  et al. . The e is also a ge eti  
sus epti ilit  fo  ladde  a e . Fi st deg ee elati es to ladde  a e  patie ts ha e a t o-fold 
i eased isk of de elopi g ladde  a e  Bu ge  et al. . So e i he ited ge eti  defe ts like i  
the a i oge  deto if i g ge es N-a et lt a sfe ase-  NAT  a d glutathio e S-t a sfe ase GSTM  
a e additio al isk fa to s to the e posu e of a i oge s o  to a o fo  de elopi g ladde  a e  
Bu ge  et al. ; K o les u d Hu st . Si gle u leotide pol o phis s SNPs  lose to ge es 

like MYC, TP  o  FGFR  a e also ode ate isk fa to s fo  ladde  a e  K o les u d Hu st . 
 

 

 

1.2 Bladde  a e  stagi g a d g adi g 

Bladde  a e  stages a e defi ed  the tu o , ode a d etastasis TNM  lassifi atio  hi h 
des i es the e te t of i asio  figu e .  K o les u d Hu st ; Witjes et al. . T des i es 
the size of the tu o  a d hethe  it has i aded ea  tissue. N des i es if p o i ate l ph odes 
a e i ol ed a d M s o es dista t etastasis fo atio  Witjes et al. . Flat tu o s lo alized to the 
epitheliu  a e lassified as a i o a i  situ CIS . Stage Ta des i es o - us le i asi e ladde  
a e  hi h ake up the ajo it  of ladde  a e  at diag osis oughl   % . Stage Ta tu o s a e 

papilla  tu o s of lo  g ade, the  a e des i ed as o - us le-i asi e ladde  a e  NMIBC . 
Stage T  tu o s pe et ate the epitheliu  ut do ot i ade i to the us le la e . Tu o s of stages 
T a a d T  i ade the supe fi ial a d deep us le. T  stage tu o s al ead  pe et ate pe i esi al 
tissue a d T  tu o s a e those that i ade adja e t tissues a d o ga s. Tu o s elo gi g to stages T  
up to T  a e des i ed as us le-i asi e ladde  a e  MIBC  a d high-g ade tu o s. NMIBCs ha e 
a fi e- ea  su i al of oughl   %, the  ostl  e u  a d a el  p og ess to i asi e fo s. MIBCs 
ofte  p og ess a d de elop etastasis, the  ha e a fi e- ea  su i al of less tha   % K o les u d 
Hu st . 
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Figure 1.1: Bladder an er staging. Tis des ri es lo al epithelial d splasia. Ta i ludes o -i asi e 
tu ors. I asi e tu ors are staged fro T  to T  depe di g o  their i asi e gro th i to 
surrou di g tissue. Figure adapted fro  K o les u d Hurst . 

 

 

 

1.3 The iology of adenoviruses 

Hu a  ade o iruses are dou le stra ded, o -e eloped DNA iruses that a  i fe t a ariet  of 
hu a  tissues Ghe re edhi  . The  elo g to the fa il  of Ade o iridae a d the ge us 
Mastade o irus. A out  serot pes are k o  hi h a  e lassified i to se e  spe ies A-G . 
Ade o iruses are DNA iruses that ha e a hara teristi  i osahedral stru ture figure . . The 
i osahedral apsid o sists of a u er of i or protei s, VI, VIII, IX, IIIa, IVa  a d the three ajor 
protei s he o  II , pe to  ase III  a d a k o ed fi er IV  Russell . There are  he o s i  
o e apsid hi h a  e grouped i to four t pes, H  to H , a ordi g to their differe t e iro e t. 
The pe to  apso ere o sists of the pe to  ase a d the fi er hi h i ds o - o ale tl  to the 
pe to  ase. The fi er protei  is esse tial i  the earl  e e t of i fe tio  as it i ds to ade o iral 
re eptors o  the host ell a d ediates ell e tr  Russell 9 . The li ear, dou le stra ded ge o e 
has a size of  to  kilo ase pairs a d is o ale tl  atta hed to the ter i al protei  TP  at its ’ 
ter i i Russell . I  additio , the DNA is asso iated ith the three ore protei s V, VII a d Mu μ . 
Withi  the irio , the DNA is orga ized i  a e tral de se ore Gi erso  et al. . This ork fo uses 
o  Ade o irus spe ies C, serot pe .  
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Figure . : Ade ovirus structure. A s he ati  depi tio  of the ade o iral stru ture sho s the 
i osahedral apsid o prisi g he o  protei s, pe to  ase protei s a d fi re protei s. The 
dsDNA ithi  the ore is sta ilized  ore protei s a d the ter i al protei  Russell . 
Figure adapted fro  Russell . 

 

 

 Ade oviral i fectio , life cycle a d host tropis  

Duri g the i itial phase of i fe tio , the fi er protei  i tera ts ith the gi e  host  i di g to the 
pri ar  re eptor hi h differs a o g the su groups Shar a et al. . The ost used re eptor is 
the o sa kie a d ade o irus re eptor CAR  Russell . It elo gs to the i u oglo i  
superfa il  a d is supposed to e i ol ed i  tight ju tio  for atio  i  epithelial ells Cohe  et al. 

; Philipso  u d Pettersso  . Further ade o iral re eptors are, esides other, CD , CD /  
or siali  a id Ar erg et al. . For su essful i fe tio  of the host ell, ot o l  re eptor atta h e t 

ut also rapid i ter alizatio  is i porta t. This o urs ith i di g of the highl  o ser ed Argi i e-
Gl i e-Asparti  a id RGD  otif o  the pe to  ase to α β  or α β  i tegri s. The irus is o pletel  
i ter alized  lathri - oated esi les or e doso es Russell ; Ne ero  . To fa ilitate this 
pro ess ellular sig ali g ole ules like Rho GTPases a d phosphatid li ositol- , - iphosphate -
ki ase PI  ki ases  help to disrupt the toskeleto . Withi  the e doso e, the iral parti le reaks 
apart a d the e doso e is destro ed ia e doso al a idifi atio  hi h re eals the he o  oated ore 
i  the toplas . There, it i ds to the u lear pore NP  o  the u leus a d i je ts the DNA o tai i g 
e tral ore i to it Russell ; Gi erso  et al. . This pro ess is ediated  the asso iatio  of 

the iral ore to the ellular protei  p  Matthe s u d Russell . Withi  the u leus, the pri ar  
tra s riptio  e e ts are i itiated a d irus DNA repli atio  is a ti ated. After su essful DNA 
repli atio , the u lear e ra e is disrupted a d the iruses are released i  the toplas . 
Disi tegratio  of the plas a e ra e allo s the release of e  iruses Russell . 

Ade o irus su groups sho  differe es i  their tissue tropis s. It is thought that i itial atta h e t 
of the irus to its su group spe ifi  re eptors is o e deter i a t for tissue tropis . I  ge eral, 
ade o iruses ostl  ause ild, flue-like s pto s a d respirator  i fe tio s ut a  also ause 
gastroi testi al, kid e  a d uri ar  tra t i fe tio s. I  i u e or utritio all  o pro ised 
i di iduals, ade o iral i fe tio  a  lead to a ute respirator  i fe tio s ith life-threate i g iral 
spread Ro i so  et al. . 
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 Ade o iral ge o e regulatio  

The ge o e of the ade o i us  o p ises oughl    ase pai s. It is o ga ized i  ea l  a d 
late ge es depe di g o  thei  e p essio  efo e o  afte  i al DNA epli atio  figu e .  Saha et al. 

.  
 

 

 

Figure 1.3: A si plified o er ie  of the ild type ade o iral ge o e. The ade o i al ge o e o sists 
of ea l  ge es E  to E  a d late ge es L  to L . Ea l  ge es get a ti ated i  the fi st  
hou s afte  i fe tio , the  e ode fo  egulato  p otei s hi h a e e essa  fo  i al 
epli atio . The t a s iptio  of late ge es sta ts at the e d of the i fe tio  p o ess, the  

e ode fo  st u tu al p otei s.  
 

 

The ea l  ge es E A, E B, E , E  a d E  a e the fi st ge es t a s i ed, the  e ode fo  p otei s 
hi h a e e essa  fo  alte i g the ellula  e i o e t to e a le i al DNA epli atio  a d i us 

p odu tio . E A esse ge  RNAs RNAs  ha e ee  dete ted as ea l  as  i utes afte  i fe tio . 
The efo e, the E A ge e is defi ed as i ediate ea l  ge e Boula ge  u d Blai  . It e odes fo  
the fi e p otei s S  a i o a ids , S  a i o a ids , S  a i o a ids , S  a i o 
a ids  a d S  a i o a ids . The S a d the S p otei  pla  i po ta t oles i  ge o e 
egulatio  a d t a s iptio al o t ol Ne i s . The  sha e the t o o se ed egio s CR  a d 

CR , the CR  do ai  is u i ue to the S p otei . The E A p otei s opti ize the ellula  ilieu fo  
i al epli atio   i du i g itoti  a ti it  i  the host ell, ou te a ti g defe se e ha is s agai st 

the i us a d i du i g e p essio  of e ai i g ea l  ge es Saha et al. ; Boula ge  u d Blai  . 
The E B t a s ipt o p ises t o spli e a ia ts. The  e ode fo  t o st u tu al u elated p otei s 

ith ole ula  asses of  kDa a d  kDa, oth ediati g a ti apoptoti  effe ts. Togethe  ith 
E o f , the E B K p otei  i hi its a p  ediated ell le a est a d apoptosis, he eas E B K, a 
B ell l pho a-  B l-  ho ologue p otei , li its B l-  i du ed ell death.  

The E  ge e e odes fo  the i al DNA pol e ase, the ’ p e u so  te i al p otei  pTP  hi h 
se es as a p i e  fo  ade o i al DNA epli atio  a d the DNA i di g p otei  DBP  that u i ds the 
DNA te plate a d is i po ta t i  the o t ol of ea l  a d late ge e t a s iptio  Stui e , a  de  
Vlie t ; Ha  et al. .  
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The E  ge e odes fo  se e al p otei s that a e i ol ed i  odulati g the host i u e s ste  i  
fa ou  of i al epli atio  a d fo  p otei s i ol ed i  ell l sis Yu  et al. . Majo  E  p otei s a e 
the ade o i al death p otei  ADP  a d the E gp K p otei . ADP is i po ta t du i g host ell l sis 
a d the elease of e  i uses he eas E gp K i te fe es i  the p o ess of a tige  p ese tatio  ia 
MHC ole ules Russell . The E  RID p otei  i hi its Fas-i du ed ell l sis du i g i al epli atio  
Yu  et al. .  

The E  p otei s ha e diffe e t fu tio s du i g i fe tio , the  a e i ol ed i  i al DNA s thesis, 
i hi itio  of ellula  p otei  s thesis a d the  egulate RNA shuttli g a d ell death B aith aite 
u d Russell . As e tio ed a o e, E o f  togethe  ith E B K is k o  to i hi it p  ediated 
ell death. E o f  is i ol ed i  p otei  phosphatase A PP A  ediated apoptosis a d E o f /  

i te a ts ith E F  to sta ilize its E  p o ote  i di g a ilit  B aith aite u d Russell . 
App o i atel   hou s afte  i fe tio , the ajo  late p o ote  MLP  is full  a ti e a d allo s 

t a s iptio  of the late ge es L  to L . The  e ode fo  st u tu al p otei s, ost i po ta t o es a e 
the he o  p otei , pe to  a d fi e  p otei s Russell .  

 

 

Ta le : I po ta t ade o i al p otei s a d thei  fu tio . 

P otei  Fu tio  

E A  T a sa ti atio  of ea l  i al ge e p o ote s 

E B K I hi itio  of B l-  ediated ell death 

E B K I hi itio  of p  ediated ell le a est togethe  ith E o f  

E A, E B P o ide the epli atio  a hi e  fo  i al DNA  

E  ADP  I itiatio  of ell l sis 

E gp K I te fe e e i  MHC ediated a tige  p ese tatio  

E  RID I hi itio  of Fas i du ed ell l sis 

E o f  I du tio  of apoptosis 

E o f /  DNA s thesis 

 

 

1.3.3 Ade o i al i te fe e e i  ell le egulatio   

Vi uses a e ot auta hi . The  eed ellula  e ha is s a d p otei s fo  ge o e epli atio  a d 
a e the efo e depe de t o  ellula  esou es. To ge e ate a  ideal e i o e t fo  thei  epli atio  
a d p odu tio , i uses a ipulate p og essio  th ough the ell le a d i te fe e i  he kpoi t 
sig ali g. I  this ega d, the p  a d R  path a  a e t o u ial path a s that a e utilized  
ade o i uses Chau ushi a u d Weitz a  . 

The pR  p otei  is a ell-k o  tu o  supp esso  p otei , it i hi its ell le p og essio  a d 
i du es a est i  G  stage  i di g to E Fs D so  ; She  u d M Co i k . The E F fa il  
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o p ises se ue e-spe ifi  DNA i di g t a s iptio  fa to s hi h i du e e p essio  of ge es 
e essa  fo  S phase e t  T i a hi u d Lees . Afte  i itiatio  of the ell le a d p og essio  

to the S phase ia li  D e p essio , a ti ated CDK /  h pe phospho lates pR  E e  et al. . 
This eleases the t a s iptio  fa to  E F f o  pR  a d i du es ta get ge e t a s iptio  a d ell le 
p og essio . The ade o i al E A p otei  is k o  to ta get the E F-R  o ple  i  o de  to dis upt it. 
This f ees E F hi h a  p o ote spo ta eous S phase t a sitio  Bella hio u d Paggi .  

A othe  optio  to ediate G /S phase t a sitio  is ia p  i a ti atio . Due to the E A i du ed 
elease of E F, E F  a ti ates t a s iptio  of p /ARF, a Mouse dou le i ute  ho olog Md  
eut alizi g p otei  Be -Is ael . This auses i hi itio  of Md  fu tio  a d o se ue tl  

ele ated p  le els Zha g et al. . To ou te a t this effe t, the ade o i al p otei s E B K a d 
E o f  i du e i hi itio , u i uiti atio  a d p oteaso al deg adatio  of p  a d the e  p e e t ell 

le a est a d apoptosis of i fe ted ells Be -Is ael . E B K i ds to p  a d lo ks its 
t a s iptio al a ti atio  a d g o th supp essi e fu tio  Ma ti  u d Be k . E o f  eithe  
i te a ts di e tl  ith p  o  i ds to it i  a o ple  ith E B K a d i du es p  deg adatio  
Que ido et al. . 

 

 

1.3.3.1 The ell le i hi ito s utli - a a d PD-  

De egulatio  of the ell le a d a su se ue t u o t olled p olife atio  a e p o i e t 
o u e es i  a e  ells hi h elo g to the hall a ks of a e  Ha aha  u d Wei e g . 
Ta geti g the u guided ell le usi g s all ole ules is o e app oa h to t eat a e .  

The p otei  p  pla s a  esse tial ole i  ell le egulatio   i du i g apoptosis as ell as G  
a est Sha  . It is egulated  the o op otei  Md   ta geti g p  fo  p oteaso e ediated 
deg adatio  Walsh et al. . The spe ifi  p -Md  i te a tio  is a highl  o eted ta get fo  
i hi ito s that egulate the ell le. Nutli s a e a g oup of s all ole ules that e e fou d to dis upt 
the p -Md  i te a tio   i di g to the p  i di g do ai  i  the N te i al egio  of Md  
Vassile  et al. . The e , p  is eleased f o  its egati e egulato  a d a  a ti ate path a s 

that ediate ell le a est a d apoptosis. Nutli - a is the ost pote t a d a ti e e e  of this 
g oup a d its p -a ti ati g fu tio  has ee  p oofed i  a ious a e  ell li es e p essi g ild t pe 
p  Walsh et al. . I  this o te t it has ee  sho  that p  hi h is up egulated  p  is 
i po ta t i  ediati g ell death D akos et al. . I  additio , utli - a do egulates E F  a d 
total R  le els  ai l  affe ti g h pophospho lated R  i  p  ild t pe ells Walsh et al. . It 
has ee  epo ted that utli - a has p o isi g effe ts i  p  ild t pe tu o s Vassile  et al. . 
Ho e e , a out  % of all tu o  e tities e p ess utated p . I  these alig a ies, the the apeuti  
effe t of utli - a is p  i depe de t, it up egulates E F   i hi iti g the i di g of Md  to E F  
A osi i et al. . The efo e, utli - a ep ese ts a p o isi g ole ule fo  ta geted the ap  that 

is u e tl  tested i  a ious li i al t ials as o othe ap  a d also i  o i ato ial app oa hes Walsh 
et al. . 

Besides this, CDKs a e a othe  ta get to stop u o t olled ell p olife atio . I hi itio  of CDKs a  
p e e t R  phospho latio , ep ess the elease of E F a d lo k S phase e t . PD-  is 
epo ted to e a CDK /  i hi ito  hi h has ee  tested i  p e- li i al odels fo  a ious tu o  



    I trodu tio  

-  - 
 

e tities i ludi g east, lu g, p ostate a d ladde  a e . These data p o ide e ide e that CDK /  
i hi itio  usi g PD-  is a pote tial the apeuti  app oa h fo  R  positi e ladde  a e  he eas 
R  utated ladde  a e  ells a e esista t to PD-  t eat e t Sathe et al. . Its 

e ha is  of a tio  is ased o  the i du tio  of a G /G  a est  i hi iti g R  ediated G -S phase 
t a sitio  i  R  ild t pe ells Asgha  et al. .  

 

 

1.4 O ol ti  i uses fo  a e  the ap   

O ol ti  i othe ap  OVT  is a the apeuti  app oa h fo  a e  t eat e t that uses ati e o  
ge eti all  odified i uses hi h sele ti el  epli ate i  a e  ells. The p i iple ehi d this e  
the apeuti  lass of i u othe ap  is ased o  t o effe ts, the sele ti e tu o  ell killi g a d the 
i du tio  of a lo al a d s ste i  a ti-tu o  i u e espo se Kauf a  et al. . OVT as o  i  
the egi i g of the th e tu  a d the e e e fi st data pu lished i  the th Moo e . 
Ho e e , the fi st phase III stud  usi g a i al- ased the ap  fo  ela o a has o l  just ee  pu lished 
A dt a ka et al. . The i te est i  i othe ap  has i eased d a ati all  i  the last de ade, ith 

a esea h fo us o  tu o  i u olog , i us iolog  a d o i atio  the apies Kauf a  et al. . 
Up to o , po i uses, HSV- , o sa kie i uses, polio i uses, easles i uses a d ade o i uses ha e 
e te ed li i al t ials Kauf a  et al. . 

 

 

 

1.4.1 The o ept of o ol ti  i othe ap  

The o ept of OVT as a the ap  agai st a e  s it hed f o  a i othe apeuti  to a  
i u ologi al app oa h Guo et al. . O igi all , it as thought that the e lusi e effe t of 
i othe ap  is a sele ti e tu o  ell l sis Ki  . The t e e dous esea h i te sit  o  this field 

sho ed that the e is also a  i u ologi al aspe t of i othe ap  hi h as sho  to e esse tial fo  
the the apeuti  effe ti e ess So ol et al. ; Diaz et al. ; P est i h et al. . Thus, the 
u e t o ept of OVT i ludes t o ajo  effe ts: the di e t i fe tio  a d sele ti e l sis of a e  
ells a d the sti ulatio  of a  a ti-tu o  a d a ti- i al  i u e espo se figu e .  Guo et al. 

.  
Afte  i fe tio  of oth health  tissue a d tu o  tissue, the i us epli ates sele ti el  a d 

e lusi el  i  tu o  ells. Whe  the i al life le ithi  the host ell is o pleted, i al p otei s 
ediate ell l sis to elease e l  p odu ed i uses. This is ai l  ediated  the E  ADP p otei  

Yu  et al. . U like othe  E  p otei s, ADP is solel  e p essed i  the late phase of i al i fe tio  
Tollefso  et al. . It i du es ell death a d the e  eleases e l  p odu ed i uses hi h sp ead 
ithi  the tu o  a d i fe t ea  tu o  ells sta de  effe t  Tollefso  et al. . The 

dest u tio  of tu o  ells  the i us is the fi st ajo  effe t of i othe ap , follo ed  a o se ue t 
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i u e sti ulato  effe t hi h is the se o d ai  effe t of i othe ap  Wolle  et al. . The 
i u e sti ulato  effe t is, a o g othe  e ha is s, a o se ue e of the i us i du ed 
i u oge i  ell death ICD  hi h does ot sha e the lassi al e ha is  of apoptosis o  e osis. 
Apoptosis is o e fo  of p og a ed ell death that is defi ed  o phologi al ha ges like 
h o ati  o de satio , sh i kage of the toplas , u lea  f ag e tatio  a d fo atio  of 

apoptoti  odies Tes ie e et al. . Apoptoti  odies a e apidl  e o ed  phago ti  ells to 
a oid a lo al i u e ea tio . Ne osis is a fu the  fo  of p og a ed ell death ut is o side ed 
to e i u oge i , as the s elli g of the toplas a leads to a  u o t olled elease of da aged ell 
o ga elles a d ell de is Tes ie e et al. . I  o t ast to these t o fo s of ell death, disti ti e 
featu es fo  ICD a e ha ges i  the ell su fa e o positio  as ell as the elease of solu le 
i u oge i  ediato s K oe e  et al. . A  e doplas i  eti ulu  ER  st ess espo se a d the 
p odu tio  of ea ti e o ge  spe ies ROS  a e e essa  fo  these ellula  p o esses Adki s et al. 

. D i g ells t a spo t al eti uli  CRT  a d heat sho k p otei   a d  to thei  oute  ell 
e a e to sho  i u oge i it . I  additio , the  elease tu o  asso iated a tige s TAAs  as ell 

as da ge  asso iated ole ula  patte s DAMPs  like high- o ilit  g oup o   HMGB  a d 
ade osi e t iphosphate ATP . HMGB , ATP a d CRT i d to toll-like e epto   TLR , P X 
pu i o e epto   P RX  a d luste  of diffe e tiatio  CD , espe ti el , a d sti ulate i atu e 
a tige  p ese ti g ells APCs  fo  a tige  uptake a d p ese tatio . Mo eo e , ole ules like ATP a t 
as fi d- e  sig als a d i du e i u e ell e uit e t. The oss p ese tatio  of TAAs to T ells 
leads to i te leuki - β IL- β  a d i te leuki -  IL-  elease, a  a ti atio  of  T ells a d toto i  
CD + T l pho tes CTLs  a d a  i te fe o   IFN  ediated pote t i u e espo se spe ifi all  
agai st tu o  ells K oe e  et al. . 
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Figu e . : The o ept of i othe ap  fo  a e  t eat e t. Afte  i fe tio  of tu o  ells, the i us 
epli ates ithi  the ell. This i du es ell l sis a d a  i u oge i  ell death. Withi  this 

p o ess, e  i uses as ell as DAMPS a d TAAs a e eleased a d a  sti ulate APCs. 
Matu e APCs a ti ate i u e ells a d elease a ti ati g toki es. Sti ulated i u e 
ells fo  a  a ti-tu o  i u e espo se ediated  toki es. Figu e odified f o  
K oe e  et al. . 

 

 

1.4.2 O e ie  of u e t li i al t ials usi g i othe ap   

At the o e t o e tha   li i al t ials a e usi g o ol ti  i uses fo  a e  the ap  li i al 
t ials i othe ap , . The eakth ough i  the a ea of i othe ap  as the app o al of T-Ve  i  , 
the fi st o ol ti  i us to t eat a e . T-Ve  is a ge eti all  odified a d g a ulo te- a ophage 
olo -sti ulati g fa to  GM-CSF  a ed he pes si ple  i us HSV  fo  the t eat e t of ela o a. 

It is also tested i  se e al othe  tu o  e tities as a si gle the ap  o  i  o i atio  ith adiothe ap , 
he othe ap  o  i u e he kpoi t lo kade Kohlhapp et al. . Ta le  gi es a  o e ie  o e  

the latest a d ost ele a t o ol ti  i uses i  li i al t ials. The listed i uses a e i  diffe e t phases 
of li i al t ials a d the  a e tested as si gle the ap  o  i  o i ato ial app oa hes fo  safet  a d 
effi a , sp eadi g a d i u e sti ulati g effe ts i  a ious tu o  e tities li i al t ials i othe ap , 

 Guo et al. .  
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Ta le : Most ele a t li i al t ials usi g i othe ap . Ta le odified f o  Guo et al.  

Vi us  Co i atio  Tu o  e tit  

He pes 
si ples 

i us  

T-Ve  Ga gi u d Zage  
 

 Pa eati  a e , ela o a 

T-Ve  Reh a  et al.  
Radiothe ap  + 
Cisplati  

U t eated stage III/IV s ua ous 
ell a i o a of head a d e k 

T-Ve  Puza o  et al.  Ipili u a  Mela o a 

Reo i us 

Reol si  Gala is et al. 
  

 

Ad a ed ela o a, p ostate 
a e , alig a t glio a, 
etastati  olo e tal a e , 
ultiple elo a, east a e  

Reol si  Noo a  et al. 
 

Pa lita el/ 
Ca oplati  

Pa eati  ade o a i o a, 
etastati  a d/o  e u e t head 

a d e k a e , lu g a e  

Ade o i us 

OAMCGT F e tag et al. 
 

 P ostate a e  

CG  Fukuha a et al. 
 

 
No - us le i asi e ladde  
a e  afte  BCG failu e 

Va i ia 
i us 

JX-  Guo et al. ; 
Fukuha a et al.  

 

Ad a ed hepato ellula  
a i o a, ela o a, lu g a e , 
e al ell a i o a, head a d 
e k a e , olo e tal a e  

 

 

1.4.3 O ol ti  ade o i uses 

Usi g i al age ts to t eat a e  eeds e tai  e ui e e ts to a hie e a the apeuti  utilit . These 
a e high sta ilit  a d effi ie t i fe tio  of host ells, the possi ilit  to a ipulate i al DNA, the 
apa ilit  to a oid dete tio  a d lea a e  the i u e s ste  a d, ost i po ta t, a sele ti e 
epli atio  a d p opagatio  o l  i  tu o  ells. I  this o te t, ade o i uses ha e a  suita le 

att i utes that e o e d thei  use Cu iel . The  a e u i uitous, ha e a lo  pathoge i it , the  
a  e easil  a ipulated a d thei  ge o e a  e deleted a d gi es spa e fo  elati el  la ge 

t a sge es. Additio all , ade o i uses a e e  sta le a d p odu tio  of high tite s is esta lished 
Vo u ge  u d Hu t .  
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1.4.3.1 E gi ee i g o ot opi  ade o i uses 

O e ajo  aspe t i  e gi ee i g o ol ti  ade o i uses is the tu o  sele ti e epli atio , also 
alled o ot opis  A e  et al. . O ot opi  p ope ties a  e a hie ed  asi all  t o 

st ategies: epli atio  spe ifi it  ased o  tu o  iolog  o  ased o  t a s iptio al o t ol Cu iel 
. Spe ifi it  ased o  e tai  tu o  iologi al utatio s o  alte atio s uses the k o ledge of 

i te a tio  et ee  i al a d ellula  p otei s, fo  e a ple i hi ito  effe ts of E B K o  p . Based 
o  this, dl  ONYX-  hi h has t o deletio s i  the E B K ge e as de eloped. It is supposed 
to epli ate o l  i  p  egati e tu o  ells Bis hoff et al. . Ho e e , latest fi di gs sho  that 
epli atio  of this i us is ot depe de t o  the p ese e of fu tio al p  Roth a  et al. . 

A othe  e a ple is the i te pla  et ee  R , E A a d E F. I  health  tissue, R  ou d to E F lo ks 
i al epli atio  hi h a  e esto ed he  E A i ds to R . AdΔ  is deleted i  the R  i di g egio  

i  E A, thus i al epli atio  o u s o l  i  a e  ells ith a o al R  le els Fue o et al. . 
Usi g t a s iptio al o t ol to a hie e o ot opis  ea s that i al p o ote s a e epla ed  

tissue-spe ifi  o  tu o  spe ifi  p o ote s Ale a  et al. . E a ples a e the use of the hu a  
telo e ase e e se t a s iptase p o ote  hTERT , the h po ia espo si e ele e t o  the E F 
p o ote  to o t ol E A ge e t a s iptio  Jou aidi et al. . 

 

 

1.4.3.2 The YB-  depe de t o ol ti  ade o i us XVi -N-  

XVi -N-  is a YB-  depe de t o ol ti  ade o i us that as de eloped i  ou  la  Ma t ill et al. 
. It is deleted i  the CR  egio  of the E A S ge e a d has fu the  deletio s i  the E B K ge e 

a d the E  egio . I  additio , it has a  RGD otif i  the fi e  e odi g ge e to i p o e i fe tio  of 
tu o  ells that ha e poo  CAR e p essio  D it ie  et al. . 

The e ha is  of a tio  of XVi -N-  is ased upo  the ultifu tio al p otei  YB- . It elo gs to 
the fa il  of old-sho k p otei s, all of hi h i d oth DNA a d RNA ia a o se ed u lei -a id 

i di g otif Wolffe et al. ; Lasha  et al. . YB-  has di e se fu tio s, it is highl  e p essed 
i  e o i  tissue a d alig a t, eoplasti  tissue ut poo l  e p essed i  health  adult tissue 
Ba gou et al. ; Hol  et al. . I  tu o  ells, YB-  suppo ts a a iet  of the hall a ks of a e  
Lasha  et al. ; Ha aha  u d Wei e g . YB-  is i ol ed i  ai tai i g p olife ati e 

sig ali g  i du i g the t a s iptio  of a ti ato  E Fs E F , E F , E F  hile i hi iti g the 
t a s iptio  of ep esso  E Fs E F , E F . Fu the o e, it is thought to e a le epli ati e 
i o talit   ost possi l  ediati g h pe phospho latio  of R  a d o se ue tl  a elease of 
E F . It a  di e tl  i d to p  a d the e  esisti g p  ediated ell death a d g o th supp essio . 
YB-  de egulates ellula  e e geti s a d a  i du e a gioge esis  a ti ati g t a s iptio  of p o-
a gioge i  ge es u de  edu ed o ge  o ditio s a d it sti ulates i asio  a d etastasis  
t a s iptio  of ge es e essa  fo  epithelial- ese h al t a sitio  Lasha  et al. . 

I  the o te t of ade o i uses, the e p essio  a d u lea  lo alizatio  of YB-  is i dispe sa le, 
si e the E late p o ote  has th ee YB-  i di g otifs a d its a ti atio  is YB-  depe de t Hol  et 
al. . I ediatel  afte  i fe tio , ildt pe ade o i uses WtAd  a ti ate E A t a s iptio  a d 



  1  Introduction 

-  - 
 

e pressio  a d there  e a le tra s riptio  of E B K a d E orf . Both E B K a d E orf  are 
e essar  to tra slo ate YB-  i to the u leus of health  ells so that it a  i d to the E late pro oter 

a d i du e E  ge e tra s riptio  Hol  et al. . I  a er ells, YB-  is alread  i  the u leus a d 
a  E A ediated u lear tra slo atio  of YB-  is ot eeded for su essful iral repli atio  Bargou et 
al. ; Hol  et al. ; Hol  et al. . For this reaso , XVir-N-  a  sele ti el  repli ate i  

u lear YB-  positi e a er ells ut a ot repli ate i  or al ells. This is the ai  pri iple of the 
tu or sele ti it  of XVir-N-  Hol  et al. ; Rog o i et al. ; Ma t ill et al. . 

 

 

 

Figure 1.5: A si plified o er ie  of the ge o e of XVir-N-31. The o ol ti  ade o irus XVir-N-  
o tai s partial deletio s i  E A a d E B K. It is deleted i  E  a d has a  additio al RGD 
otif i  the fi er e odi g regio . XVir-N-  repli ates sele ti el  i  u lear YB-  positi e 

a er ells Ma t ill et al. ; Rog o i et al. ; . 

 

 

 Virotherapy for the treat e t of ladder a er 

Bladder a er is for se eral reaso s a pra ti al tu or e tit  for irotherap . The appli atio  of the 
irus ia the urethra, alled i tra esi al i stillatio , is eas  a d allo s dire t e posure of the tu or to 

high irus titers She  et al. . The effortless a ess to the ladder is o e ie t for repeated 
e aluatio  of treat e t effe ts a d tissue sa pli g. Additio all , the ladder is a  isolated orga  that 
is prote ted  ultiple la ers of arious tissues hi h redu es s ste i  spreadi g to a i i u  
Tagu hi et al. . Bladder a er is a highl  i u oge i  tu or a d the su ess of Ba illus 

Cal ette-Guéri  BCG  therap  has alread  proofed suita ilit  for i u otherap  Burke ; Potts 
et al. . So far, four li i al trials usi g t o differe t iruses ha e ee  arried out i  ladder a er 
patie ts. 

CG  is a GM-CSF ar ed o ol ti  ade o irus i  hi h the hu a  E F  pro oter dri es iral 
E A ge e e pressio  Ra esh et al. . The e ha is  of CG  is ased o  R  hi h is 
o o l  utated i  ladder a ers, a d its regulator  fu tio  o  E F  Ba dara u d La Tha gue 

. A phase I trial i  patie ts ith o - us le-i asi e ladder a er, ho failed BCG therap , 
sho ed a  o erall respo se rate of .  % a d .  % i  the si gle a d ultidose ohort, respe ti el . 
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Doses up to  i al pa ti les e e applied e e   da s ith th ee epetitio s o  eekl  fo  si  
epetitio s. Based o  these esults, a phase II/III a do ized o t olled t ial is u e tl  pe fo ed i  

patie ts ith o - us le-i asi e ladde  a e  ho failed BCG the ap  to o pa e CG  
t eat e t ith ito i  C, IFN, al u i i  o  ge ita i e . li i alt ials.go , NCT  
Tagu hi et al. . I  a othe  phase II t ial, patie ts ith o - us le-i asi e ladde  a e  ho 

failed BCG the ap  o  efused ste to , a e t eated ith CG  at a dose of  i al pa ti les 
eekl  fo   eeks hi h ill o ti ue fo   o ths if the  a hie e a pa tial o  o plete espo se 

afte   o ths . li i alt ials.go , NCT  Tagu hi et al. . 
Wildt pe a i ia i us as tested i  a phase I stud  i  fou  patie ts ith us le-i asi e ladde  

a e . Patie ts e ei ed th ee ti es o e  t o eeks a a i u  dose of  pa ti le fo i g u its 
PFU  p io  to ste to  Potts et al. . No se ious t eat e t- elated ad e se e e ts e e 
epo ted hi h sho s the pote tial use of a i ia ildt pe i us fo  i othe ap  Tagu hi et al. . 

 

 

1.5  I u ologi al aspe ts of ade o i us-host i te a tio  

1.5.1 I u ologi al a ie s to o ol ti  i othe ap  

I u ologi al defe se e ha is s of the host agai st ade o i uses, like a ti atio  of a  i ate 
a d adapti e i u e espo se as ell as p e-e isti g i u it , a e ajo  a ie s that li it the 
effe ti e ess of ade o i us ased i othe ap  Fausthe -Bo e do u d Ko i ge  . The i ate 
i u e espo se is a  i ediate a s e  to ade o i al i fe tio  ediated  a ophages, de d iti  
ells DC , eut ophils, atu al kille  ells NK  a d p otei s like he oki es a d toki es Liu u d 

Mu u e . Afte  ell e t  of the i us ia CAR o  i teg i  i di g, u lea  fa to  kappa-light- hai -
e ha e  of a ti ated B ells NFκB  gets a ti ated ia PI K ediated path a s a d ge e t a s iptio  
of he oki es a d toki es su h as i te leuki -  IL- , IL- , IL- , egulated o  a ti atio , o al T 
ell e p essed a d se eted RANTES  a d tu o  e osis fa to -α TNF-α  sta ts. A o g these p o-

i fla ato  fa to s, IL-  a d t pe I IFNs pla  a p edo i a t ole as the  i du e positi e feed- a k 
loops hi h p odu e additio al i fla ato  sti ulato s Fausthe -Bo e do u d Ko i ge  . 
O e the i us is i te alized, i al DNA lo ated eithe  i  the toplas  o  i  e doso es, a ts as st o g 
i u ologi al a ti ato . Withi  the e doso e, toll-like e epto   TLR  dete ts i al DNA a d 
a ti ates t a s iptio  of p o-i fla ato  ediato s ia eloid diffe e tiatio  p i a  espo se  
M D  Tha i et al. . DNA i di g ole ules like sti ulato  of i te fe o  ge es STING , eti oi  

a id i du i le ge e-I RIG- , u leotide oligo e izatio  do ai  NOD -like e epto  NLR  o  DNA-
depe de t a ti ato  of IFN- egulato  fa to s DAI  dete t a d i d toplas i  i al DNA a d RNA 
Ka ai a d Aki a, . These se so s i du e i te fe o  egulato  fa to  /  IRF /  t a slo atio  

i to the u leus a d t a s iptio al a ti atio  of po e ful a ti i al he oki es su h as t pe I IFNs a d 
i te leuki -  Ba e  . The elease of these i u ologi al fa to s se es as a he oatt a ta t to 
othe  i u e ells hi h ill ig ate to the site of i fe tio  a d fight the i us. 

http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/
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I  o t ast to the apid a d di e t i ate i u e espo se, the adapti e i u e espo se eeds 
a out o e eek to e o e effe ti e Zaiss et al. . Ma ophages a d de d iti  ells hi h ha e 
i te alized the i us, a t as a tige  p ese ti g ells a d ig ate to l ph odes he e the  p ese t 
i al a tige s to B ells a d sti ulate a ti od  p odu tio . I  ase of a p e-e isti g i u it , e-
halle gi g ith the sa e ade o i al e to  ill i du e a eut alizatio  a d eli i atio  th ough 

spe ifi  a ti odies a d e o  B ells Zaiss et al. . 
 

 

1.5.2 I u e e asio  st ategies of ade o i uses 

Ade o i uses el  o  a health  a d fu tio al host ell. Be ause i al i fe tio  of ells i du es a 
st o g i u e ea tio  that ould lead to eli i atio  of the i fe ted ell, ade o i uses da pe  host 
i u e espo se to p e e t thei  o  eli i atio  a d the da agi g o se ue es fo  the host ell. 
Ade o i uses e p ess se e al p otei s that a  ediate i u e e asio  at diffe e t le els.  

O e of the fi st ea tio s of host ells to i al i fe tio  is t pe I IFN e p essio  IFNα, IFNβ  Leo a d 
u d Se  . Bi di g of IFNs to thei  e epto s auses a ti atio  of the Ja us ki ase/sig al t a sdu e  
a d a ti ato  of t a s iptio  JAK/STAT  path a  hi h leads to t a s iptio  of a ti i al ge es. The 
ade o i al E A p otei  a  lo k the fu tio s of t pe I IFNs ia lo ki g do st ea  sig ali g of IFNs 

 i te fe i g i  the JAK/STAT path a  a d also  t a s iptio al i hi itio  of IFNα a d IFNβ e odi g 
ge es Mah  u d Goodi g .  

TNF sig ali g is a othe  path a  that is add essed  ade o i uses fo  i u e e asio . TNFs a e 
p o-i fla ato  toki es that a e se eted  a ophages a d T ells, the  i d to thei  idel  
e p essed e epto s TNFR  a d TNFR  a d i du e ell death Wohlle e  et al. . E B K, E  . k 
a d E RIDα/β a  lo k TNF ediated tol sis Wold ; Mah  u d Goodi g . E RIDα/β also 
do egulates ell su fa e e epto s of the TNF fa il , e.g. Fas, tu o  e osis fa to  elated apoptosis 
i du i g liga d TRAIL  e epto   a d  a d i hi its the e  Fas a d TRAIL ediated apoptosis 
Li hte stei  et al. .  

A thi d path a  that is ta geted  ade o i uses to i u e t a  a ti- i al i u e ea tio  is the 
p ese tatio  of a tige s o  MHC ole ules to a ti ate CD + ells. The loadi g of i al peptides o to 
the MHCI ole ule o u s ithi  the ER Ressi g et al. ; Mah  u d Goodi g . The e, the TAP 
p otei  t a spo ts the i al peptide i to the ER lu e  he e it a  i d to MHCI. This TAP ediated 
t a spo t is i hi ited  the ade o i al p otei  E gp K, he e  loadi g of MHCI a d ell su fa e 
p ese tatio  of a tige s to a ti ate CD + toto i  T ells is p e e ted Ressi g et al. ; Pu ell u d 
Elliott .  
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1.6  I u othe ap  

I u othe ap  is esides su ge , adiatio , he othe ap  a d ta get the ap  o e of the fi e 
pilla s of a e  the ap . The st ateg  of i u e e asio  a d i u e editi g a e ell k o  ut the 
k o ledge of the u de l i g e ha is  has o l  just ee  g o  i  the last ea s. I u othe ap  
uses diffe e t app oa hes to sti ulate the i u e s ste  spe ifi all  agai st the a e  ith the 
ulte io  otif of a lo g-lasti g tu o  spe ifi  e o . 

 

 

1.6.1  Diffe e t i u othe apeuti  app oa hes fo  a e  

I u othe apeuti  app oa hes o p ise the apeuti  a e  a i es, i u e ell the ap , 
i u e s ste  odulato s a d ICB Fa ko a et al. . 

The apeuti  a e  a i es sti ulate a d aug e t adapti e i u e ea tio s. The e , th ee 
ethods e ist: a hole ell a i e uses a a iet  of tu o -asso iated a tige s a d leads to a oade  

i u e espo se. Va i atio  ith p otei  a tige s uses i ta t peptides de i ed f o  tu o  
asso iated a tige s that a  di e tl  i d to MHCI ole ules. A thi d ethod is the a i atio  ith 
ex vivo a tige -pulsed patie t de i ed DCs Makkouk u d Wei e  . The idea of the a i atio  
app oa h is to i ease the p ese tatio  of tu o  spe ifi  a tige s TSAs  o  TAAs o  a tige  
p ese ti g ells to B a d T ells i  o de  to i p o e a  a ti-tu o  i u e espo se Vel heti u d 
S halpe  . 

I u e ell the ap  i ludes adopti e T ell the ap , NK ell the ap  a d the hi e i  a tige  
e epto  CAR  ethod. The atio ale ehi d i u e ell the ap  is to e i h a d i p o e T ells o  

NK ells that a e a le to e og ize the tu o  Vel heti u d S halpe  . The adopti e NK ell the ap  
as i itiall  tested i  leuke ia patie ts. Re e t studies fo us o  the i p o e e t of NK ell a ti it  

a d spe ifi it . Adopti e T ell the ap  is the ex vivo ultu i g a d e pa sio  of patie t de i ed 
l pho tes u de  e tai  g o th fa to s. A  ad a e e t is the CAR ethod. CARs a e desig ed T 
ell e epto s that o sist of a  a tige  i di g T ell e epto  TCR  e odo ai  a d the toplas ati  

TCR ζ hai . This e epto  e og izes u p o essed a tige s as ell as gl op otei s, a oh d ates a d 
ga gliosides. Afte  t a sfe tio  of T ells ith the CAR e odi g plas id, the CAR e p essi g T ells a e 
ei je ted i to the patie t Dotti et al. . So fa , li i al t ials e e ostl  disappoi ti g e ause 

of the li ited ig atio  of ei je ted T ells to the tu o  site a d the highl  i u osupp essi e ilieu 
ithi  the tu o  Vel heti u d S halpe  . 

I u e odulato s like he oki es a d toki es a e ell k o  i  thei  i u e sti ulati g 
fu tio s. The efo e, the  fi d appli atio  i  a ious i u othe apeuti  app oa hes a d also i  
o i atio  the apies. Fo  e a ple, e e s of the IL-  fa il , like IL- , IL-  o  IL-  a e i je ted 

i to a e  patie ts to a ti ate thei  i u e s ste  Si  u d Rad a i . T pe I IFNs a e also 
used i  i u othe ap  as the  a ti ate NK ells, a ophages, toto i  T ells a d ediate p o-
i fla ato  toki e p odu tio  Lee u d Ma goli  . 
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1.6.2 I u e he kpoi ts as e  the apeuti  ta gets fo  a e  the ap  

The i itial i u e a ti atio  is a ultistep p o ess. Afte  a tige  p o essi g  APCs o  de d iti  
ells, the a tige  is p ese ted o  a MHC lass II e epto  to the T ell e epto . To a hie e full T ell 

a ti atio , a se o d o-sti ulato  sig al ia CD  o  the T ell a d CD /  o  the APC is e essa . 
O l  i  the p ese e of oth sig als, a full i u e espo se agai st the p ese ted a tige  i ludi g 

toki e elease, a ti od  p odu tio  a d e uit e t of othe  i u e ells a  e ge e ated. I  
additio , i hi ito  sig als e su e i u e ho eostasis a d odulate the du atio  a d a plitude of 
i u e ea tio s. These egati e sti uli a e k o  as i hi ito  i u e he kpoi ts, p o i e t 
e a ples a e toto i  T-l pho te asso iated p otei   CTLA- , PD- , T- ell i u oglo i  a d 

u i -do ai  o tai i g-  TIM-  a d l pho te a ti atio  ge e-  LAG-  figu e .  Cogdill et 
al. . I  a ph siologi al situatio , i u e he kpoi ts a e e essa  to p e e t autoi u it  a d 
o e hel i g i u e ea tio s. 

 

Figu e . : I hi ito  i u e he kpoi t ole ules. I u e he kpoi t ole ules a e egulato s of 
the i u e s ste . The  p e e t o e hel i g i u e ea tio s a d o t ol thei  
du atio   ediati g i u osupp essi e path a s. Ca e  ells a use these he kpoi ts 
to es ape f o  i u e ea tio s agai st the tu o . CD / : luste  of diffe e tiatio , 
GAL : gale ti  , MHC: ajo  histo o pati ilit  o ple  

 

 

Ho e e , the tu o  o-opts i u e he kpoi ts to take ad a tage of its i hi ito  fu tio s. 
Ca e  ells as ell as tu o  i filt ated i u e ells o e e p ess i u e he kpoi t ole ules to 
e ade i u e e og itio  Pa doll . The se i al o se atio , that the lo kade of i u e 
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he kpoi t ole ules like CTLA-  is a le to ediate tu o  eg essio  as the i th of the e a of ICB 
fo  a e  the ap  Lea h et al. . Su se ue tl , a ious a ti odies ta geti g diffe e t i u e 
he kpoi t e epto s a d liga ds e e de eloped a d sho ed p o isi g effe ts i  diffe e t tu o  

e tities. Most p o i e t e a ples fo  app o ed i u e he kpoi t i hi ito s a d thei  appli atio  
a e listed i  ta le . 
 

 

Ta le : O e ie  of app o ed a ti odies fo  i u e he kpoi t lo kade. 

Ta get 

 

D ug a e Tu o  e tit  

CTLA-  Ipili u a  Mela o a 

PD-  

Ni olu a  
NSCLC, Lo all  ad a ed o  etastati  
u othelial a i o a 

Pe olizu a  
Mela o a, NSCLC i  o i atio  ith 
a oplati  a d pe et e ed  

PD-L  

Atezolizu a  
NSCLC, Lo all  ad a ed o  etastati  
u othelial a i o a 

Du alu a  
Lo all  ad a ed o  etastati  u othelial 
a i o a 

A elu a  Me kel ell a i o a 

 

 

1.6.3 I u othe apeuti  app oa hes fo  ladde  a e   

Bladde  a e  has ee  t eated ith BCG as a  i u othe apeuti  app oa h fo  ea l   de ades 
Fuge et al. . The e ha is  of a tio  is t a ed a k to the i u e-sti ulato  effe t of BCG. 

The e , the i fe tio  of u othelial as ell as ladde  a e  ells a d i te alizatio  of BCG leads to 
a  i ease i  a tige  p ese ti g ells as ell as a tige s. A ti ated i u e ells espo se ia toki e 
elease a d i  this p o ess, the a ui ed Th  ediated i u e espo se as ell as the i ate Th  

ediated i u e espo se a e i pli ated. The i du ed i u e ea tio  a d fi all  the esta lished 
a titu o  i u e espo se is ai l  ediated  NK ells, de d iti  ells, a ophages a d CD + as 

ell as CD + T l pho tes. The esult is i p o ed e og itio  a d su se ue t dest u tio  of tu o  
ells Fuge et al. .  

BCG is o e of the ost su essful i u othe apies e e  used. Adju a t BCG i  high g ade NMIBC 
edu es isk of e u e e   % o pa ed to t a su eth al ese tio  alo e a d i  CIS it i du es a 
o plete espo se i  -  % of all ases. BCG is the o l  i t a esi al the ap  that is k o  to edu e 

tu o  p og essio  i  i te ediate a d high- isk g oups Saluja u d Gilli g . Besides this, it is safe 
a d ell tole ated Fuge et al. . The su ess of this the ap  sho ed that the p i iple of 
i u othe ap  is o ki g fo  ladde  a e  a d it se es as a atio ale to e if  a d esta lish ICB fo  
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ladde  a e  the ap . I  additio , se e al othe  ha a te isti s of BLCA ake it a  e elle t tu o  
e tit  ith p o isi g p e e uisites fo  ICB, e.g. the i u oge i it  of ladde  a e  ith the 
p ese e of tu o  i filt ated i u e ells TILs  a d the high utatio al load esulti g i  i eased 
le els of eoa tige s Bid u  et al. ; Ka doth et al. . It has ee  sho  that eoa tige  

u de  a d eoa tige  spe ifi  T ell ea ti it  a e a a ke  fo  su essful i u othe ap  
S hu a he  u d S h ei e  . I  a stud  ith o -s all ell lu g a e  patie ts, PD-  t eat e t 

effi a  as o elated ith a highe  utatio al load i  the tu o  a d a othe  stud  ith ela o a 
patie ts sho ed that a highe  utatio al la ds ape suppo ts CTLA-  the ap  Riz i et al. ; S de  
et al. . Mis at h epai  MMR  defi ie  see s to e a fu the  a ke  fo  su essful ICB. Ca e s 

ith MMR defi ie  sho  e t e e high le els of so ati  utatio s a d these a e s a e se siti e 
to i u e he kpoi t lo kade Le et al. . Ce tai l , e p essio  of ta get i u e he kpoi t 

ole ules o  a e  ells as ell as i filt ated i u e ells a  p edi t espo de s a d effi a  of ICB 
ut the  a e ot et elia le a ke s Nishi o et al. . I  ge e al, it is k o  that PD-L  a d PD-  

e p essio  is asso iated ith high g ade tu o s, tu o  i filt atio  of o o u lea  ells a d that PD-
L  positi e tu o s ha e a edu ed o e all su i al Boo jia  et al. ; I a  et al. . A al zi g 
the PD-L /PD-  status of tu o s to sele t fo  espo de s ought o t adi to  esults. Cli i al t ials 
suggested a e efit of PD-L  positi e tu o  ells a d tu o  i filt ated i u e ells to PD-L /PD-  

lo kade o pa ed to PD-L  egati e tu o s He st et al. ; Apolo et al. ; Massa d et al. 
. Ho e e , the e a e also data sho i g that ot all PD-L  positi e tu o s espo ded to PD-L  

lo kade Ri as u d Hu-Liesko a  . The ajo  issues usi g PD-L  as a sele to  fo  espo de s a e 
the d a i  of ta get ole ule e p essio , the la k of sta da dized assa s a d the diffe e t 
i te p etatio  of PD-L  stai i g Apolo . If a d to hat e te t PD-L  e p essio  a  se e as a 
useful a d t ust o th  io a ke  fo  ICB is still a atte  of i te si e esea h.  

Up to o , fi e he kpoi t i hi ito s i olu a , atezolizu a , pe olizu a , a elu a  a d 
du alu a  de o st ated the apeuti  effi a  ith o je ti e espo se ates ORRs  a gi g f o  -

 % i  patie ts ith etastati  u othelial a e  i  a se o d-li e setti g. Atezolizu a  a d 
pe olizu a  e e also tested i  a fi st-li e setti g i  isplati  i eligi le patie ts. The FDA app o ed 
du alu a , i olu a  a d atezolizu a  fo  t eat e t of lo all  ad a ed o  etastati  u othelial 
a i o a Da a pa ah et al. .  

 

1.6.4  The PD- /PD-L  i u e he kpoi t path a  

The PD- /PD-L  path a  is a p o i e t e a ple fo  i u e he kpoi t path a s, its i hi ito  
ole as fi st pu lished i   F ee a  et al. . PD-  is a t a s e a e e epto  ith a 

toplas i  i u o e epto  t osi e- ased i hi ito  otif ITIM  a d a  i u o e epto  t osi e-
ased s it h otif ITSM . It has ee  dete ted o  T ells i  the th us, egulato  T ells, e hausted 

T ells, B ells, de d iti  ells a d NK ells.  
PD-  e p essio  is ot o stituti e ut a  e i du ed upo  a ti atio  a d its oad e p essio  o  

a ious i u e ell t pes i di ates ide- a gi g fu tio s i  di e se i u e espo ses Okazaki u d 
Ho jo . The e epto  PD-  i ds to its liga ds PD-L  a d PD-L  Li et al. . PD-L  e p essio  
is li ited to de d iti  ells a d a ophages a d see s to pla  a i o  ole i  PD-  sig ali g. The 



    I trodu tio  

-  - 
 

e p essio  of PD-L  is a u da t i  i u e ells, epithelial ells a d a e  ells hi h sig ifies a ole 
i  se o da  l phoid o ga s as ell as ta get o ga s Okazaki u d Ho jo . PD-L  e p essio  a  

e o t olled ia i t i si  a d e t i si  e ha is s. E t i si  up- egulatio  of PD-L  is st o gl  
depe de t o  TLR ediated sig ali g a d p o-i fla ato  toki es like IFN , GM-CSF, TNF-α. I  

ladde  a e  ell li es, it as sho  that TLR-  sig ali g up egulates PD-L  e p essio  hi h a  e 
atte uated  e t a ellula -sig al egulated ki ase ERK  a d -Ju  N te i al ki ases JNK  i hi ito s 
Qia  et al. . IFN-  i du es PD-L  e p essio  ia sig ali g th ough the JAK/STAT path a  a d IRF-
 Ritp ajak u d Azu a . Additio all , i oRNAs iRNAs  ha e ee  sho  to egulate post-

t a s iptio all  PD-L  t a s iptio . Fo  e a ple, iR-  i te a ts ith the -u t a slated egio  of 
PD-L  RNA hi h esults i  t a slatio al ep essio  Go g et al. . Mo eo e , also i t i si  
path a s egulate PD-L  e p essio . Ki-  e p essio  a d loss of phosphate a d te si  ho olog PTEN  
as ell as a ti ati g epide al g o th fa to  e epto  EGFR  utatio s ha e ee  o elated to PD-
L  e p essio  Ritp ajak u d Azu a . Fu the o e, a ti atio  of the itoge  a ti ated p otei  
ki ase MAPK  a d PI K/Akt path a  up egulate PD-L  e p essio  i  a e  ells Che  et al. .  

 

 

 

Figu e . : The PD- /PD-L  path a . E gage e t of PD- , e p essed o  T ells,  PD-L , e.g. 
e p essed o  tu o  ells, i itiates i u e i hi ito  sig ali g path a s. The  lead to 
edu ed toki e p odu tio  a d p otei  s thesis a d i du e lo kade of ell le 

p og essio  a d p olife atio . These effe ts fi all  ause a supp essio  of T ell a ti atio  
a d p e e t a  i u e espo se. Figu e odified f o  Chi ai et al. .  
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Afte  e epto -liga d e gage e t, PD-  e uits the S -ho olog   do ai - o tai i g 
phosphatase SHP . SHP  i hi its phospho latio  of the i t a ellula  do ai s of the T ell e epto  
as ell as dephospho lates the CD ς hai  hi h leads to the i hi itio  of a ious T ell a ti ati g 
path a s. This i ludes i hi itio  of Ras sig ali g hi h supp esses ell le p og essio  a d 
p olife atio , i hi its p o-su i al p otei s like B l- l a d lo ks the PI K/Akt path a  ausi g a 
de ease i  p otei  s thesis, p olife atio  a d toki e p odu tio  espe iall  IL- . PI K/Akt 
supp essio  leads i  additio  to the up egulatio  of Fo O  hi h i du es PD-  up egulatio . Fi all , 
PD- /PD-L  sig ali g de eases T ell e epto  sig ali g a d esults i  supp essed T ell a ti it  figu e 

.  Ni s hl u d D ake .  

 

 

 

1.7 Co i i g i othe ap  a d i u e he kpoi t lo kade 

Latest i sights i  the fields of i othe ap  a d ICB de o st ate the su sta tial ole of the i u e 
s ste  i  the fight agai st a e  Li ht  et al. . The e elle t the apeuti  su ess of T-Ve  lea l  
de o st ates the po e  of o i i g i othe ap  ith i u othe ap  a d li i al studies sho ed 
that li ited a titu o  i u it  o st ai s the effe ti e ess of i othe ap  Li ht  et al. . This 
a  e o e o e  u lo ki g i u e i hi ito  path a s like i u e he kpoi ts Za a i  et al. 

. Additio all , p i i g ith i u e sti ulati g age ts i du es highe  e p essio  of i u e 
he kpoi t ole ules i  the tu o , leadi g to i eased espo se ates to ICB. This is the leadi g 
atio ale fo  a o i atio  the ap  usi g o ol ti  i uses ith i u e he kpoi t lo kade Za a i  

et al. .  
 

 

 

1.8 Diffi ult  of e aluati g o ol ti  ade o i uses i  ouse odels  

The diffi ult  i  fi di g a  app op iate in vivo odel to test o ol ti  ade o i uses ases o  thei  
st i t spe ies spe ifi it  Russell . Hu a  ade o i uses epli ate a d p odu e i fe tious e  
pa ti les al ost e lusi el  i  hu a  ells. I  ost u i e ell li es, the  a ot effe ti el  i fe t a d 
epli ate a d o se ue tl , a s ge ei , i u o o pete t ouse odel to stud  ade o i al 
i othe ap  fo  a e  t eat e t is ot feasi le Gi s e g et al. . This is the easo  h  hu a  

tu o  e og afts e e used to stud  OVT fo  a e  t eat e t. This odel uses hu a  tu o  ells 
i pla ted i  a  i u odefi ie t ouse hi h allo s i al epli atio  i  hu a  tu o  ells ut does 

ot efle t the host s i u e s ste . The la k of a fu tio al i u e s ste  i  e og afts is a ajo  
disad a tage of this odel, espe iall  ega di g the fa t that the i u e sti ulato  effe t of OVT is 
k o  to pla  a do i a t ole i  the apeuti  effe ti e ess Zha g et al. . Although the e a e 
atte pts to sol e this p o le , e.g.  usi g the S ia  ha ste  odel, the e is still o appli a le 
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odel that fulfills the e ui e e ts of a s ge ei , i u o o pete t s ste . Re e tl , the u i e 
lu g ade o a i o a ell li e ADS-  as fou d to suppo t ade o i al epli atio , pa ti le fo atio  
a d to espo d to ade o i al o ol sis Zha g et al. . Othe  u i e ell li es like the u i e 

ladde  a e  ell li e MB  a d MBT  e e ostl  used to stud  ade o i al ge e the ap  
Su e ha es u d F a ks ; Loskog et al. ; Ho i aga et al. . The hu a ized ouse 

odel p ese ts a possi ilit  to stud  o ol ti  ade o i uses, ho e e , it is highl  halle gi g, ti e 
o su i g, a tifi ial a d li ited i  ti e due to the de elop e t of a g aft e sus host disease G HD  
Shultz et al. . This sho s the u ge t eed fo  a s ge ei , i u o o pete t ouse odel to 

stud  ade o i al i othe ap  ega di g its o ol ti  as ell as i u e sti ulato  effe ts i  a e  
the ap . 

O thotopi  a e  odels a e the est odels to ep ese t the ph siologi al situatio  i  hu a s 
a d the  a e i po ta t fo  testi g o el the apies. Fo  ladde  a e , the e e ist se e al a i al 

odels hi h a  e atego ized i to spo ta eous a d o -spo ta eous odels. Spo ta eous 
odels a e he i all  i du ed o  ge eti all  odified. These tu o s a e a e, ti e o su i g, 

o pli ated a d epeata ilit  is ot gua a teed Zha g et al. . No -spo ta eous odels 
o p ise hete otopi  a d o thotopi  e og aft odels. Hete otopi  e og aft odels a e ge e ated 

 i je ti g tu o  ells o -o thotopi  u de  the ski . This ethod is fast a d eas  i  ha dli g ut 
does ot ep ese t the o ga  spe ifi  ph siolog  a d atu al e i o e t ithi  the ouse. 
De elop e t of o thotopi  ladde  a e  odels eeds su gi al i pla tatio , i stillatio  o  
ult asou d ased i je tio  of tu o  ells Jäge  et al. . Su gi al i je tio  is e  ti e o su i g, 
isk  a d ot elia le. The i stillatio  of tu o  ells eeds p et eat e t of the ladde  a d de elops 

o l  supe fi ial tu o s. The e  ult asou d ased odel allo s p e ise i je tio s of tu o  ells i to 
the la i a p op ia a d fo s i asi e ladde  tu o s. It si ulates hu a  patholog  a d tu o  iolog  

ithi  the atu al e i o e t at its est. Additio all , it e a les st aightfo a d a d p e ise tu o  
o ito i g a d t eat e t Jäge  et al. .  

 

 

 

1.9 Ai s a d o je ti es 

OVT gai ed atte tio  ith the app o al of T-Ve  as the fi st o ol ti  i us fo  a e  the ap . The 
e o ous esea h a ti it  i  this field ought e  i sights i  the p i iple effe ts of i othe ap  a d 
sho ed the i po ta e a d e essit  of its i u e sti ulato  effe t. Ho e e , the tu o  has highl  
effe ti e e ha is s to lo k the i u e a ti ati g effe t of i othe ap  a d li its the e  its 
effe ti e ess. The i u e he kpoi ts, su h as the PD-L /PD-  path a , a e a p o i e t e a ple fo  
i u e e asio  e ha is s that ep ess i u e sti ulatio . This leads to the atio ale fo  
o i i g o ol ti  i uses ith i u e he kpoi t lo kade to esto e the full po e  of i othe ap .  

The ai  of this o k as to stud  a e  the apeuti  app oa h fo  ladde  a e  that o i es 
OVT a d PD-L  spe ifi  i u e he kpoi t lo kade. This p oje t i luded the de elop e t a d 
p odu tio  of a o el o ol ti  ade o i us e odi g fo  a  a ti-PD-L  spe ifi  a ti od , a ed XVi -
N- -aPD-L . Fu the  o , e i te ded to ha a te ize the e  i us in vitro ega di g its epli atio  
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eha io , its ell killi g effe t a d its t a sge e e p essio . I  additio , e a ted to a al ze the 
the apeuti  effe t of XVi -N- -aPD-L  i  a ouse odel. The efo e, e ai ed to esta lish a  
o thotopi , i asi e ouse odel fo  ladde  a e . 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 i  a u i e, i u o o pete t ouse odel.  
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2 Mate ial a d ethods  

2.1 Mate ial 

2.1.1 Multiple use e uip e t  

Multiple use e uip e t Sou e 

M du apo e su gi al tape M, Sai t Paul, MN, USA  
A al ti al ala e AT  Mettle , Toledo, GIesse , Ge a  

A al ti al ala e Sa to iu   Sa to ius, Goetti ge , Ge a  

Auto la e S ste  DX-  S ste  G H, Li de , Ge a  

Auto ati  fil  p o esso  Cu ti  CP  Agfa Health a e, Mo tsel, Belgiu  

Bag seale  Folio FS  Se e i  Elekt oge äte G H, Su de , Ge a  

BD FACS Cali u  Flo  C to et  S ste  DB Bios ie e, Sa  Lose, CA, USA 

Biologi al safet  a i et He asafe KS  The o S ie tifi , Waltha , MA, USA 

BVC p ofessio al la o ato  fluid aspi ato  Va uu a d G H, We thei , Ge a  

Ce t ifuge R Eppe do f G H, Ha u g, Ge a  

Ce t ifuge ROTINA R Hetti h, Tuttli ge , Ge a  

Che ido  XRS I agi g S ste  BioRad, He ules, CA, USA 

CO  i u ato  HERA Cell  The o S ie tifi , Waltha , MA, USA 

CO  i u ato  HERA Cell i The o S ie tifi , Waltha , MA, USA 

C oge i  F eezi g Co tai e , ° C Nalge e, Ro heste , NY, USA 

Ele t opho esis Po e  Suppl  EPS  
A e sha  Pha a ia Biote h., Uppsala, 
S ede  

E eddi g e te  Lei a EG  Lei a Mi os ste s G H, Wetzla , Ge a  

Glas a e S hott AG, Mai z, Ge a  

Heati g a d d i g o e  He aeus Fu tio  Li e 
B  

The o S ie tifi , Waltha , MA, USA 

Heati g a d d i g o e  He aeus Fu tio  Li e 
UT  

The o S ie tifi , Waltha , MA, USA 

Heati g lo k the ostat BT  Klei feld La o te h ik, Geh de , Ge a  

I e Ma hi e Ma ito i  Ma ito i  I e, Ma ito i , WI, USA 

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

I telli i e  RM- L 
El i Ltd. La o ato  E uip e t, Cala asas, CA, 
USA 

Isofluran evaporator Uno, Netherlands 

Mag eti  Sti e  
Heidolph I st u e ts G H, S h a a h, 
Ge a  
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Multiple use e uip e t Sou e 

Mi o e t ifuge R Eppe do f G H, Ha u g, Ge a  

Mi o e t ifuge Qi kSpi  QS  pe so al Ed a ds I st u e ts CO., Na ella  NSW, 
Aust alia 

Mi opipettes PIPETMAN P , P , P , P , 
P  

Gilso  I ., Middleto , WI, USA 

Mi oplate eade  V a  Ki eti  Mole ula  De i es, Su ale, CA, USA 

Mi os ope A io Ve t.  Ca l Zeiss, O e ko he , Ge a  

Mi os ope A io Ve t.A  Ca l Zeiss, O e ko he , Ge a  

Mi os ope a e a A io Ca  ER  s Ca l Zeiss, O e ko he , Ge a  

Mi i P otea  S ste  BioRad, He ules, CA, USA 

Mi i T a s- lot ell t a sfe  s ste  BioRad, He ules, CA, USA 

Mi i-P otea  Tet a Cell gel s ste  BioRad, He ules, CA, USA 

Mi ishake  IKA MS  IKA Wo ks I ., Staufe , Ge a  

Multila el plate eade  VICTOR X  Pe ki  El e , Waltha , MA, USA 

Neu aue  ha e  LO La o optik, La i g, E gla d 

O ital shake  K  Ed u d Buehle  G H, He hi ge , Ge a  

Pe fe t Blue Gels ste  Mi i M 
PEQLAB Biote h ologie G H, E la ge , 
Deuts hla d 

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 Disposa le e uip e t  

Disposa le e uip e t Sou e 

A e sha  h o d-P PVDF-Me a e GE-Health a e, Bu ki gha shi e, E gla d 

Cell ultu e plates  ell,   
TPP, Te h o Plasti  P odu ts AG, T asadi ge , 
S h eiz 

Cell ultu e plates  ell,  ell,  ell,  
ell,   

Co i g I opo ated, Co i g, NY, USA 

Ch o atog aph  pape  What a  GE Health a e, Bu ki gha shi e, E gla d 

Co i al otto  pol st e e tu es Elka , Ha pshi e, U ited Ki gdo  

Co i al tu es l, l Fal o   G ei e  G H, F i ke hause , Ge a  

C oge i  ials .  l Nu  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Desalti g sephade  PD-  olu s GE Health a e, Bu ki gha shi e, E gla d 

E eddi g assettes Rotila o Ca l Roth, Ka ls uhe, Ge a  

Ha d-Shell PCR Plates - ell BioRad, He ules, CA, USA 

Le s lea i g pape  The Tiffe  o pa , Hauppauge, NY, USA 

Mi os ope o e slips  The o S ie tifi  Waltha , MA, USA 

Mi os ope slides Supe f ost plus The o S ie tifi  Waltha , MA, USA 

Needles  Gauge BD Bios ie es, Sa  Jose, CA, USA 

Needles  Gauge, ¾  Mo oje t Medt o i , MA, USA 

PCR ea tio  tu e .  l Bioz  S ie tifi , Olde do f, Ge a  

PCR seale s Mi oseal B  Fil  BioRad, He ules, CA, USA 

Pipette tips ith a d ithout filte  Sa stedt, Nue e ht, Ge a  

Rea tio  tu es . l, . l, l Sa stedt, Nue e ht, Ge a  

Rou d otto  pol st e de tu es C o i g I o po ated, Co i g, NY, USA 

Se ologi al pipettes 
G ei e  Bio-O e I te atio al AG, 
K e s ue ste , Aust ia 

Sili o e sheet, .  thi k Sahl e g G H&Co., KG, Mu i h, Ge a  

Ste ile filte  Nalge e . µ , . µ  The o S ie tifi , Waltha , MA, USA 

S i ges l O ifi  B. B au  Melsu ge  AG, Melsu ge , Ge a  

Ult a e t ifugatio  tu e Ult a-Clea    Be k a &Coulte  G H, K efeld, Ge a  

X- a  fil  CEA RP Ne   Agfa Health a e, Mo tsel, Belgiu  
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2.1.3 Che i als a d eage ts  

Che i als a d eage ts  Sou e 

- e aptoetha ol  Sig a-Ald i h Che ie G H, Mu i h, 

-A i oa ti o i  The o S ie tifi , Waltha , MA, USA 

% Etha ol Otto Fis he  G H, Saa ü ke , Ge a  

A eti  a id Me k Che i als G H, Hesse , Ge a  

Aga ose Ult apu e The o S ie tifi , Waltha , MA, USA 

A o iu  pe sulfate APS  
Sig a-Ald i h Che ie, G H, Mu i h, 
Ge a  

A pi illi  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Bio oll sepa ati g solutio  Bio h o , Be li , Ge a  

Bo i  a id Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Bo i e se u  al u i  BSA  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

B o ophe ol lue 
Se a Ele t opho esis G H, Heidel e g, 
Ge a  

Caesiu  hlo ide CsCl  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

CD  Media The o S ie tifi , Waltha , MA, USA 

Chlo opho  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Colo  P estai ed P otei  Sta da d, B oad Ra ge Ne  E gla d Biola s, Ips i h, MA, USA 

C esol Red Sig a-Ald i h Che ie G H, Mu i h, Ge a  

DAB-Ch o oge  a d Su st ate uffe  Agile t, Sa ta Cla a, CA, USA 

DAKO REAL a ti od  dilue t Dako, Ha u g, Ge a  

Deo u leotide t i-phosphate dNTPs  The o S ie tifi , Waltha , MA, USA 

De elopi g a d fi atio  solutio s Visio  X GV  
Roe tge  e de  G H&Co. KG, Bade -Bade , 
Ge a  

Di eth l sulfo ide DMSO  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Dithioth eitol DTT  Cell-Sig ali g, Ca idge, E gla d 

DNA ladde  p, k  The o S ie tifi , Waltha , MA, USA 

DNA loadi g uffe   The o S ie tifi , Waltha , MA, USA 

Dul e o s Modified Eagle s Mediu  DMEM  Bio h o , Be li , Ge a  

E. oli, DH B 
PD Pe  So e Hol , E pe i e tal U olog , 
Kli iku  e hts de  Isa , TUM 

ECM f o  E gel e t-Hol  – S a  u i e 
sa o a 

Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Etha ol a solut Me k Che i als G H, Hesse , Ge a  

Ethidiu o ide,  g/ l Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Eth le edia i etet aa eti  a id EDTA , ,  M AppliChe , Da stadt, Ge a  

Fetal Bo i e Se u  Bio h o , Be li , Ge a  

Fuge e HD P o ega, Madiso , WI, USA 
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Che i als a d eage ts  Sou e 

Gl i e Sig a-Ald i h Che ie G H, Mu i h, Ge a  

GoTa  G ee  PCR aste  i  P o ega, Madiso , WI, USA 

GoTa  PCR aste  i  P o ega, Madiso , WI, USA 

Hae ato li  solutio , Ma e s 
K a ke hausapotheke, Kli iku  e hts de  Isa , 
Mu i h, Ge a  

H d oge  hlo ide HCl  Me k Che i als G H, Hesse , Ge a  

H d oge  pe o ide Me k Che i als G H, Hesse , Ge a  

I o ilized P otei  A Plus The o S ie tifi , Waltha , MA, USA 

I te leuki   Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Iso it ate o oh d ate Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Isop opa ol Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Ka a i  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

L-Gluta i  M Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Lipofe ta i   I it oge , Ca ls ad, CA, USA 

Lipopol sa ha ide  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Mag esiu  Chlo ide MgCl  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Metha ol Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Mou ti g ediu  E tella - e  Me k Che i als G H, Hesse , Ge a  

No -esse tial a i o a ids NEAA ,  Bio h o , Be li , Ge a  

Opti-MEM Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Opti-MEM Media The o S ie tifi , Waltha , MA, USA 

Pa afo aldeh de solutio  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

p-Cou e i  a id Sig a-Ald i h Che ie G H, Mu i h, Ge a  

PEI-Mag  
A ki d gift f o  Ch istia  Pla k T esil ised et 
al.  

Pe i illi /St epto i  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Phe ol:Chlo opho :Isoa lal ohol Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Phosphate uffe ed sali e PBS , ,   Bio h o , Be li , Ge a  

P e isio  Plus P otei  Sta da d Bio-Rad, He ules, CA, USA 

Rest i tio  e z e uffe s 
The o S ie tifi , Waltha , MA, USA;  
Ne  E gla d Biola s, Ips i h, MA, USA 

Ros ell Pa k Me o ial I stitute ediu  RPMI  Bio h o , Be li , Ge a  

Rotipho ese gel  Ca l Roth, Ka ls uhe, Ge a  

Sele t aga  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Ski ed ilk po de  Nestle, Ve e , S itze la d 

Sodiu  a etate Me k, Da stadt, Ge a  

Sodiu  azide Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Sodiu  hlo ide NaCl  Me k Che i als G H, Hesse , Ge a  

Sodiu  dode l sulfate Sig a-Ald i h Che ie G H, Mu i h, Ge a  
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Che i als a d eage ts  Sou e 

Sodiu  o tho a adate Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Sulfo hoda i  B SRB  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

Tet a eth leth le edia i e TEMED  Ca l Roth, Ka ls uhe, Ge a  

T i hlo oa eti  a id Sig a-Ald i h Che ie G H, Mu i h, Ge a  

T is h d o eth l -a i o etha e Me k, Da stadt, Ge a  

T ito -X-  Sig a-Ald i h Che ie G H, Mu i h, Ge a  

T pa  lue, , % Bio h o , Be li , Ge a  

T psi /EDTA Bio h o , Be li , Ge a  

T pto e Sig a-Ald i h Che ie G H, Mu i h, Ge a  

T ee -  
Se a Ele t opho esis G H, Heidel e g, 
Ge a  

Vi us l sis uffe  Bio h o , Be li , Ge a  

Vi us sto age uffe  Bio h o , Be li , Ge a  

Yeast E t a t Sig a-Ald i h Che ie G H, Mu i h, Ge a  

 
 

2.1.4 E z es  

E z es Sou e 

Ba HI The o S ie tifi , Waltha , MA, USA  
Be zo ase Sig a-Ald i h Che ie G H, Mu i h, Ge a  

BGlII Ne  E gla d Biola s, Ips i h, MA, USA  
Co plete i i-p otease i hi ito  Ro he, Basel, S itze la d 

E oRV Ne  E gla d Biola s, Ips i h, MA, USA 

FastAP phosphatase The o S ie tifi , Waltha , MA, USA 

NdeI The o S ie tifi , Waltha , MA, USA 

Pa I Ne  E gla d Biola s, Ips i h, MA, USA  

Phosphatase i hi ito  i  II Se a Ele t opho esis G H, Heidel e g, 
Ge a  

P eI Ne  E gla d Biola s, Ips i h, MA, USA  
P otei ase K Sig a-Ald i h Che ie G H, Mu i h, Ge a  

SpeI Ne  E gla d Biola s, Ips i h, MA, USA  
T  DNA ligase The o S ie tifi , Waltha , MA, USA 

T  DNA pol e ase The o S ie tifi , Waltha , MA, USA 

Ta  DNA pol e ase The o S ie tifi , Waltha , MA, USA 

XhoI  The o S ie tifi , Waltha , MA, USA 
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2.1.5 Buffe s a d solutio s  

Buffe  Co po e ts 

.  % CaCl  .  M CaCl  i  dH O 

.  % W/V  SRB stai i g solutio  .  % SRB i  % a eti  a id 

 % BSA   % BSA i  PBS 

 % SDS P otei  l sis uffe  

 M T is/HCl, pH .  

 % SDS 

 M Na o tho a adate 

Add o e Co plete Mi i-P otease I hi ito  
ta let a d  µl phosphatase i hi ito  pe   

l of p otei  l sis uffe  

 % TCA 
.  M TCA  

,  l dH O 

 SDS u i g uffe  

 M T is 

 M Gl i e 

.  % /  SDS 

pH .  

 TBE 

 M T is 

 M Bo i  a id 

.  M EDTA 

 TBS .  M T is/HCl, pH .  

 T a sfe  uffe  
 M T is 

 M Gl i e 

 T a sfe  uffe  
 %  T a sfe  uffe  

 % Metha ol 

 P otei  loadi g uffe  

.  M T is/HCl, pH .  

 % SDS 

.  % B o ophe ol lue 

 % Gl i e 

Add  µl of  M DTT to  µl of p otei  
loadi g uffe  p io  to use 

Che ilu i es e e eage t A 

.  M T is/HCl, pH .  

.  M Lu i ol 

.  M p-Cou e i  a id 

Che ilu i es e e eage t B 
.  M T is/HCl, pH .  

.  % H O  

CsCl hea  solutio  p= .  g/  .  g/L CsCl i   MT is pH .  

CsCl light solutio  p= .  g/  .  g/L CsCl i   M T is pH .  

DNA L sis uffe  

 M T is/HCl pH   
 M NaCl 

 M EDTA pH  

.  % SDS 
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Buffe  Co po e ts 

DNA p e ipitatio  solutio  
 M NH C H O   
 % Etha ol 

I u o lotti g a ti od  dilutio  uffe   % BSA i  TBS-T ith .  % Sodiu  azide 

I u o lotti g lo ki g uffe   % o -fat ilk po de  i  TBS-T 

IP elutio  uffe : 
 

.  M NaCl 

.  M T is/HCl 
 % T ito  X-  

 M EDTA 

 p otei  loadi g uffe  

IP p otei  l sis uffe  

.  M NaCl 

.  M T is/HCl 
 % T ito  X-  

 M EDTA 

LB aga  
LB Mediu  

.  % sele t aga  

LB ediu  

.  % T pto e 

.  % Yeast e t a t 

.  % NaCl 

PCR uffe  

Ta  Puffe  NH SO  

 % Gl e ol 
 M MgCl  

 M dNTPs  
C esol Red 

RIPA p otei  l sis uffe  

.  M NaCl 

.  M T is/HCl 
 % T ito  X-  

.  % SDS 

 M EDTA 

Sepa ati g gel uffe  .  M T is/HCl, pH .  

SRB solu ilizi g solutio   M T is, pH  

Sta ki g gel uffe  .  M T is/HCl, pH .  

TBS-T 
 TBS 

.  % T ee -  

Vi us sto age uffe  

20 mM NaCl 

25 mM Tris 

2.5 % Glycerol 
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2.1.6 Co e ial kits  

Co e ial kits Sou e 

HiSpeed Plas id Midi Kit Qiage , Hilde, Ge a  

Pie e BCA P otei  Assa  The o S ie tifi , Waltha , MA, USA 

QIA ui k gel e t a tio  kit Qiage , Hilde, Ge a  

QIAp ep Spi  Mi ip ep Kit Qiage , Hilde, Ge a  

IFN  ELISA  BioLege d, Sa  Diego, CA, USA 

 
 

2.1.7 A ti odies a d peptides 

Ta get p otei ,  
Clo   Appli atio  Dilutio  Sou e 

A ti  A  WB :  
Sig a-Ald i h Che ie G H, 
Mu i h, Ge a  

CAR, R B FACS :  
Me k Che i als G H, Da stadt, 
Ge a   

E A, M  IF :  
Sa ta C uz Biote h olog , INC., 
Dallas, TX, USA  

E F  WB :  
Sa ta C uz Biote h olog , INC., 
Dallas, TX, USA  

GAPDH  WB :  CST, Be e l , MA, USA 

h PD-L , E L N WB :  CST, Be e l , MA, USA 

He o  AB  WB :  
Me k Che i als G H, Da stadt, 
Ge a  

He o , G  IHC :  a , Ri h o d, BC, Ca ada 

 PD-L ,  WB  µg/ l R&D 

P , C  WB :  CST, Be e l , MA, USA 

PD-L , MIH  
Fu tio al 
assa  

 The o S ietifi , Waltha , MA, USA 

pR  Se , D B  WB :  CST, Be e l , MA, USA 

R ,  WB  µg/ l BD Bios ie e, Sa  Jose, CA, USA 
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Ta get p otei ,  
Clo   Appli atio  Dilutio  Sou e 

YB-  WB, IF : , :  
Eu oge te  G H, Köl , 
Deuts hla d V o i Gi i ge   

Ale a  o jugated goat-
a ti- a it IgG,   IF :  CST, Be e l , MA, USA 

FITC o jugated a it-a ti 
ouse IgG, F  

FACS µg/µl Agile t, Sa ta Cla a, CA, USA 

C  o jugated goat-a ti-
ouse IgG, A  

IF µg/µl The o S ietifi , Waltha , MA, USA 

FITC o jugated s i e-a ti-
a it IgG, F  

IF :  Agile t, Sa ta Cla a, CA, USA 

Pe o idase o jugated a ti-
a it IgG, - -  

WB :   Dia o a G H, Ha u g, Ge a  

Pe o idase o jugated a ti-
ouse IgG, - -  

WB :   Dia o a G H, Ha u g, Ge a  

Pe o idase o jugated 
goat-a ti- ouse IgG, 
P  

IHC :  Agile t, Sa ta Cla a, CA, USA 

Mouse ga a glo uli  
Isot pe o t ol FACS :  Dia o a G H, Ha u g, Ge a  

Mu i e F  lo k: a ti-
ouse CD /  

FACS :  
The o S ie tifi , Waltha , MA, 
USA 

Hu a  F  lo k FACS 
.  µg/  
ells 

Dia o a G H, Ha u g, Ge a  

 
 
 
 

2.1.8 P i e  se ue es 

All p i e s e e s thesized  Life Te h ologies o  Meta io  a d dissol ed i  H O to a fi al sto k 
o e t atio  of  µM.  

Ta get ge e Fo a d p i e  Re e se p i e   

E k CGTGAGAGTTGGTGGGCGT CTTCGCTCCATTTATCCT 

E  GTTAATGTCAGGTCGCCTAAGTCG GTGTGTTGCCCGCGACCATT 

RGD CTGCCGCGGAGACTGTTTC CTGCAATTGAAAAATAAACACG 

E A ACGGTTGCAGGTCTTGTC TTTACACCTTATGGCCTGGGGC 

E A s GGCATGTTTGTCTACAGTAAG GCCATGCAAGTTAAACATTATC 

E  ADP  ATGTCAGCATCTGACTTTG CTCGAGGAATCATGTCTC 

PD-L -F  AAGGTGGAAATCAAGAGAGG CCAGTTGAACTTGACCTCAG 

E  GAACAATTCAAGCAACTCTAC GCAGTCTACTTCGATGTGAG 
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Ta get ge e Fo a d p i e  Re e se p i e   

Fi e  AAGCTAGCCCTGCAAACATCA CCCAAGCTACCAGTGGCAGTA 

Hu a  a ti  AAAGTGCAAAGAAC CGGCTAAG TAAGTAGGTGCACAGTAGGTCTGA 

Hu a  GAPDH TGGCATGGACTGTGGTCATGAG ACTGGCGTCTTCACCACCATGG 

Mu i e a ti  CTGCTCTGGCTCCTAGCAC TGAATGGTGAGCTCTCTGGGT 

Mu i e GAPDH  TTTGGCATTGTGGAAGGGCT ACCCCTCTACCCAAAAGGGA  
 
 

2.1.9 Plas ids  

Plas id Sou e 

p DNA . -IgG  Ki d gift f o  PD Mela ie Las hi ge  

pShuttle Clo te h D aO-WtE  Clo ed  Klaus Ma t ill 
pMK-RQ-a-PD-L   The o S ie tifi , Waltha , MA, USA 

pUC -XVi -E -RGD Clo ed  Klaus Ma t ill 
pXVi -N-  Clo ed  Klaus Ma t ill 

 
 

2.1.10 Vi uses 

The ild t pe ade o i us AdWT se ot pe  spe ies C is ell ha a te ized a d se ed as positi e 
o t ol fo  epli atio , ell l sis a d pa ti le fo atio  i  this o k. All o ol ti  ade o i uses used i  

this o k a e de i ed f o  AdWT.  
dl  has a .  k  deletio  i  the E  egio  a d is epli atio  i o pete t Bett et al. . It 

se ed as a egati e o t ol i  this thesis.  
The o ol ti  ade o i us XVi -N-  has a   p deletio  i  the E A-CR  egio , a pa tial deletio  

i  the E B K ge e a d a deletio  i  the E  egio . It has a  additio al RGD otif i  the fi e  e odi g 
ge e Rog o i et al. ; Ma t ill et al. .  

The o ol ti  i us XVi -N- /E F  is utated i  its E F  i di g sites i  the E  ea l  p o ote . 
This utatio  as i teg ated i to the a k o e of XVi -N- .  
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2.1.11 Cell ultu e 

2.1.11.1 Cell li es 

Cell li e Sou e 

HEK  A e i a  t pe ultu e olle tio , Ma assas, VA, USA 

J  A e i a  t pe ultu e olle tio , Ma assas, VA, USA 

MB  A ki d gift f o  D  B eul f o  the U ikli iku  Esse   
MBT  A ki d gift f o  D  B eul f o  the U ikli iku  Esse   
T  A e i a  t pe ultu e olle tio , Ma assas, VA, USA 

UMUC  A e i a  t pe ultu e olle tio , Ma assas, VA, USA 

 

 

2.1.11.2 Cell ultu e edia 

Mediu  Fo ulatio  

G o th ediu  fo  ells at  % CO  

RPMI 
 % FBS 

 % NEAA 

 % Pe i illi /St epto i  

G o th ediu  fo  ells at  % CO  

DMEM 

 % FBS 

 % Pe i illi /St epto i  

G o th ediu  fo  HEK  suspe sio  ells 
CD   

 % L-Gluta i e 

F eezi g ediu  DMEM 

 % g o th ediu  DMEM 

 % FBS 

 % DMSO 

F eezi g ediu  RPMI 
 % g o th ediu  RPMI 
 % FBS 

 % DMSO 

I fe tio  ediu  DMEM DMEM 

I fe tio  Mediu  RPMI  RPMI 
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2.1.12 Mi e  

Mouse st ai  Sou e 

Fo u/ u Cha les Ri e  

C BL/  Cha les Ri e  

 
 

2.1.13 Soft a e 

Soft a e Co pa   

Flo Jo Flo Jo LLC, Ashla d, OR, USA 

Ze  Lite  Ca l Zeiss, O e ko he , Ge a  

Ve o LAB  FUJIFILM Visual So i s, I . To o to, ON, Ca ada 
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2.2 Methods 

2.2.1 Mole ula  iolog  te h i ues  

2.2.1.1 P epa atio  of o pete t a te ia  

E.coli DH B  e e ultu ed i  l LB ediu  i  a shake  at ° C o e ight. The e t da ,  l 
LB ediu  e e i o ulated ith the sta te  ultu e a d i u ated at °C. As soo  as ells ea hed 
the e po e tial g o th phase, a te ia e e put o  i e fo   i utes. Cells e e e t ifuged fo   

i utes at °C ith g a d pellet as esuspe ded i   l p e- ooled .  M CaCl . Resuspe ded 
ells e e i u ated agai  o  i e fo   i utes a d e t ifuged fo   i utes at °C ith  g. 

The , pellet as esuspe ded i  .  M p e- ooled CaCl  +  % Gl e ol. Co pete t a te ia e e 
ali uoted i  p e- ooled tu es a d sto ed at - °C.  
 

 

2.2.1.2 Pu ifi atio  of plas id DNA  

LB Mediu  o tai i g sele ti e a ti ioti  µg/ l a pi illi , µg/ l ka a i  as 
i o ulated ith si gle olo ies of the plas id o tai i g a te ia a d ultu ed o e ight i  a shake  at 

°C.  µl a te ial ultu e as i ed ith µl gl e ol:LB i tu e atio :  as a gl e ol sto k. 
Ba te ia e e ha ested  e t ifugatio  at g fo   i utes i  a p e- ooled e t ifuge. Pelleted 

a te ia e e l sed a o di g to the QIAp ep Spi  Mi ip ep Kit a ual. Plas id DNA as isolated 
eithe   usi g QIAp ep Spi  Mi ip ep olu s o   DNA p e ipitatio  usi g isop opa ol. Isolatio  of 
DNA usi g olu s as pe fo ed a o di g to the i st u tio  a ual. Fo  isop opa ol p e ipitatio  
of DNA, l sed a te ia e e e t ifuged fo   i utes at full speed i  a p e- ooled e t ifuge. DNA 
o tai i g supe ata t as t a sfe ed to a e  tu e, ,   olu e of isop opa ol a d o e d op of 

gl oge  e e added a d DNA as p e ipitated  a efull  i e ti g the tu e  to  ti es. 
P e ipitated DNA as e t ifuged at full speed fo   i utes at ° C. Pelleted DNA as ashed t i e 

ith  µl of  % etha ol a d agai  e t ifuged. Ai  d ied DNA pellet as dissol ed i   to  µl 
ate  at ° C fo   to  hou s o  at ° o e ight. DNA o e t atio  as easu ed usi g the Na oD op 

. Plas id DNA as sto ed at °C. Plas id ide tit  as o fi ed  se ue i g hi h as 
pe fo ed  GATC Biote h AG, Co sta e, Ge a . 

 

 

2.2.1.3 Isolatio  of DNA f o  tu o  ells  

Fo  isolatio  of ellula  a d i al DNA i   ell plates, i fe ted ells e e ashed o e ith PBS a d 
l sed ith  µl of DNA l sis uffe . The l sate as t a sfe ed i to a .  l tu e,  µl of p otei ase K 

e e added a d the l sate as digested at ° C u de  igo ous shaki g fo   to  hou s. Fo  
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pu ifi atio ,  µl Phe ol:Chlo pho :Isoa lal ohol as added a d i ed  o te i g fo   
se o ds. The l sate as i u ated o  i e fo   i utes a d e t ifuged at  g fo   i utes at ° 
C. The uppe  phase  µl  as t a sfe ed to a e  tu e,  µl hlo opho  a d  µl esol ed 

e e added a d the sa ple as i ed  o te i g fo   se o ds. Afte  i u atio  o  i e fo   
i utes, sa ples e e e t ifuged at  g fo   i utes at ° C. The uppe  phase µl  as agai  

t a sfe ed to a e  tu e a d DNA as p e ipitated  addi g  µl DNA p e ipitatio  solutio  a d 
e t ifugatio  at  g fo   i utes at ° C. Pelleted DNA as ashed ith  µl of  % etha ol. 

Afte  i u atio  fo   i utes, DNA as e t ifuged at  g fo   i utes at oo  te pe atu e. 
DNA as d ied a d dissol ed i   to  µl . TE uffe  at ° C fo   to  hou s.  

 

 

2.2.1.4 Rest i tio  digestio  

Fo  a al sis a d digestio  of plas ids, a  app op iate a ou t of DNA as digested ith the 
e ui ed e z e fo   hou  o  o e ight at ° C. If eeded, the est i tio  e z e as heat 

i a ti ated a o di g to the a ufa tu e s p oto ol. Digested DNA as a al zed  aga ose gel 
ele t opho esis.  

 

 

2.2.1.5 Aga ose gel ele t opho esis a d gel e t a tio  of DNA  

.  to .  % aga ose gels e e p epa ed usi g TBE uffe  a d .  µg/ l ethidiu  o ide. DNA 
as loaded usi g  loadi g uffe . Gels e e u  i  TBE uffe  at  to  V u til a ds e e 

sepa ated as eeded. The a ds e e isualized i  a UV t a sillu i atio  a d the a al sis as 
do u e ted  the Che ido  XRS s ste . 

 

 

2.2.1.6 Dephospho latio , ligatio  a d t a sfo atio  of o pete t 
a te ia  

Dephospho latio  of digested e to s as pe fo ed a o di g to the a ufa tu e s a ual at 
° C fo   to  hou s. The phosphatase as heat i a ti ated at ° C fo   i utes. Ve to  a d i se t 

e e ligated i  atios a i g f o  :  to :  usi g T  DNA ligase  i u ati g at oo  te pe atu e 
fo   hou . Fo  t a sfo atio , o pete t a te ia e e tha ed o  i e.  µl of ligatio  i tu e as 
added to a te ia, i u ated o  i e fo   i utes, follo ed  a s heat sho k at °C a d a -

i ute i u ated o  i e. Ba te ial ells e e esuspe ded i  p e- a ed LB ediu  a d i u ated 
fo   hou  at °C. Va ious a ou ts of the t a sfo ed a te ia e e st eaked o to LB aga  plates a d 
i u ated at ° C fo   to  hou s.  
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2.2.1.7 Colo  pol e ase hai  ea tio  PCR  to s ee  lo es 

Si gle olo ies e e pi ked usi g a ste ile pipette tip to i o ulate  µl LB ediu . I fe ted 
ediu  as i u ated at ° C fo   to  hou s. Ba te ial ells e e pelleted, esuspe ded i   µl 

PCR aste  i  a d l sed at ° C fo   i utes. Cell de is as pelleted  e t ifugatio  a d  µl 
of plas id DNA o tai i g supe ata t as used fo  the PCR. PCR o ditio s a e listed i  ta leTa le . 
P i e  o i atio  a d thei  appli atio  i  a ious lo i g steps a e listed i  ta le . 

 

 

Ta le : P i e  o i atio s fo  olo  PCR. 

Clo i g step 
P i e  
o i atio  

P i e  i di g site 
P odu t 
size 

Ligatio  of t a sge e i to 
shuttle plas ids 

,  
: i  aPD-L  f ag e t 

: i  F -f ag e t 
 p 

Ligatio  of t a sge e i to 
pShuttle Clo te h 

,  
: i  pShuttle a k o e 

: i  F -f ag e t 
 p 

I teg atio  of t a sge e 
i to pXVi -N-  

,  
:  of Ba HI est i tio  site at p   
:  of Ba HI est i tio  site at p  

 p 

 

 

2.2.1.8 Ide tit  PCR to e if  i us ide tit  

Pu ified i al DNA as diluted ith ate  to a o e t atio  of .  to  g/µl, pu ified i us as 
heat i a ti ated at ° C fo   i utes a d diluted :  ith u lease-f ee ate . The PCR ea tio  

i  fo  o e sa ple i ludes .  µl PCR aste  i , .  µl fo a d p i e  a d .  µl e e se p i e  
fi al p i e  o e t atio  .  pM  a d .  µl Ta  pol e ase.  µl PCR ea tio  i  as dispe sed 

i to .  l PCR ea tio  tu es p io  to the additio  of  µl i al DNA o  i a ti ated i us. P i e  
o i atio s fo  the ide tit  PCR a e listed i  ta le .  

The PCR li g o ditio s a e sho  i  Ta le . The PCR as a al zed  aga ose gel 
ele t opho esis. 
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Ta le : P i e  o i atio s fo  ide tit  PCR. 

PCR u e  Ge e Fo a d p i e  Re e se p i e  
   P odu t size  
  XVi           WT 

 E A H  H   p  p 

 
E A S 
deletio  

H  H    p 

 
E B k 
deletio  

H  H   p  p 

 E  deletio  H  H  
No 
a pli o  

 p 

 E  ADP H  H  
No 
a pli o  

 p 

 RGD H  H   p 
No 
a pli o  

 
aPD-L  

F  

H  

H  

H  

H  

 p 

 p 

No 
a pli o  

 

 

 

Ta le : PCR li g o ditio s. 

Step Ti e, Te pe atu e 

I itial de atu atio   i , ° C 

A eali g  les  

 se , ° C 

 se , ° C 

se , ° C 

Fi al e te sio   i , ° C 

Hold ∞, ° C 

 

 

2.2.1.9 Fi e  PCR to ua tif  i al epli atio  

To ua tif  i al DNA,  µl of  g/µl pu ified DNA e e used i  a fi e  PCR. PCR i  as p epa ed 
usi g the GoTa  G ee  PCR aste  i  a o di g to a ufa tu e s p oto ol, usi g  M of fo a d 
a d e e se p i e s fo  fi e , u i e a d hu a  a ti  as ell as u i e GAPDH. P i e s agai st 
hu a  GAPDH e e used at a o e t atio  of  M. Fo  ea h PCR ea tio ,  µl PCR aste  i  

e e used. 
The PCR li g o ditio s a e sho  i  Ta le . 
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Ta le : C li g o ditio s fo  fi e  PCR. 

Step Ti e, Te pe atu e 

I itial de atu atio   i , ° C 

A eali g  les  

 se , ° C 

 se , ° C 

 se , ° C 

Fi al e te sio   i , ° C 

Melt u e 

 i , °C 

 se , °C  
 i , °C 

 

 

To ua tif  i al fi e  DNA, the ΔΔCt ethod as used. Fo  the elati e ua tifi atio  of i al fi e  
DNA, a ti  a d GAPDH e e used as efe e e ge es. The  hou  fi e  alue se ed as o t ol a d as 
used fo  o alizatio  Li ak a d S h ittge , .  

 

ΔCt = Ct efe e e ge e -Ct fi e  ge e  

ΔΔCt = ΔCt sa ple  – ΔCt o t ol sa ple  

No alized ge e e p essio  =  – ΔΔCt 

 

 

2.2.2 Cell ultu e  

2.2.2.1 Culti atio  of ell li es  

Cells e e ultu ed u de  ste ile o ditio s at °C u de  satu ated hu idit  i  a la i a  flo  
iologi al safet  a i et. All ell li es e e used i  ea l  passages a d passaged at  % o flue . 

Fo  all e pe i e ts, edia a d t psi  e e p e- a ed to ° C. Fo  passagi g, ells e e ashed 
ith PBS- % .  M EDTA a d i u ated ith t psi  u til the  deta hed. T psi  as i a ti ated usi g 

f esh ediu  a d ells e e e t ifuged at  RCF fo   i utes at oo  te pe atu e. The pelleted 
ells e e esuspe ded i   l f esh ediu  a d a f a tio  as t a sfe ed o to a e  ell ultu e 

dish fo  ultu i g the su se ue t passage. UMUC , HEK , MB  e e ai tai ed at  % CO , hile 
T , J  a d MBT  e e ai tai ed at  % CO .  
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2.2.2.2 Cou ti g of ells 

Cell solutio  as diluted :  i  .  % t pa  lue solutio  a d ou ted i  a Neu aue  ha e . 
U stai ed ells e e o side ed to e ia le. 

 

 

2.2.2.3 Tha i g a d f eezi g of ells  

Fo  tha i g ells, the o ial as tha ed i  the ate  ath a d the  i ediatel  t a sfe ed to a 
tu e o tai i g f esh edia. Afte  e t ifugatio , ells e e esuspe ded i  ediu  a d ultu ed as 
des i ed i  . . . . Fo  op ese atio , ells at -  % o flue  e e pellet as des i ed i  

. . . . Cell pellet as esuspe ded i   l of f eezi g edia, t a sfe ed i to t o o ials a d ials 
e e sto ed i  a f eezi g o tai e  at - ° C fo   to  hou s a d the  t a sfe ed to li uid it oge . 

 

 

2.2.3 I  vitro e pe i e ts 

2.2.3.1 T eat e t ith i hi ito s 

Nutli - a as dissol ed i  DMSO a d sto ed as a  M sto k solutio  at - ° C. Cells e e seeded 
 hou s efo e t eat e t. Wo ki g dilutio s e e p epa ed f esh usi g p e- a ed ediu . The 

highest DMSO o e t atio  as used as a o t ol.  
 

 

2.2.3.2 Dose espo se assa  

 ells pe  ell e e seeded o  a  ell plate.  hou s afte  seedi g, ells e e t eated ith 
a ious o e t atio s of the i hi ito  as des i ed i  . . . . The ells e e fi ed th ee da s afte  

t eat e t a d the assa  as o ti ued as des i ed i  . . . . 
 

 

2.2.3.3 Cell le a al sis  flo  to et   

 ells pe  ell e e seeded o  a  ell plate.  hou s afte  seedi g, ells e e t eated ith 
i hi ito s o  i fe ted ith i us. Fo  ha esti g, the ells e e t psi ized, t a sfe ed i to FACS tu es 
a d spu  do . The , ells e e ashed  ti es ith PBS a d fi ed ith % i e old etha ol at °C 
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fo   hou s o  at - °C fo   hou s. Afte  fi atio , ells e e ashed ith PBS-  % BSA a d total DNA 
as stai ed ith  µg/ l -AAD.  e e ts e e e o ded o  the flo  to ete  usi g a lo  speed. 

Data e e a al zed usi g the Flo Jo soft a e.  
 

 

2.2.4 Vi us ge e atio  a d p odu tio  

2.2.4.1 T a sfe tio  of li ea ized, i al plas ids  

To ge e ate i us, ,  a d  HEK  ells e e seeded o   ell a d  ell plates, 
espe ti el . Afte   hou s, ells e e t a sfe ted ith li ea ized i al plas id DNA usi g FuGe e®. 

The efo e, a FuGe e® to DNA atio of :  ith a total DNA a ou t of  µg as used.  µl o   µl of 
the t a sfe tio  i tu e e e added to the ells o   ell o   ell plates, espe ti el , a d ediu  

as ha ged afte   hou s.  
 

 

2.2.4.2 Ge e atio  of ude i us sto ks  

Afte  su essful t a sfe tio , a topathi  effe t CPE  e a e isi le o  da   to . Cells a d 
supe ata t e e ha ested a d applied to  f eeze a d tha  les efo e e t ifuged at  g fo   

i utes. Vi us o tai i g supe ata t as t a sfe ed i to a e  tu e.  µl e e used fo  ei fe tio  
of HEK  o  o e   ell ultu e plate, esidual supe ata t as i ed ith  µl gl e i , 
ali uoted a d sto ed as G  sto k at - ° C. As soo  as the ei fe ted ells sho ed a CPE, ells a d 
supe ata t e e ha ested. Afte  th ee f eeze a d tha  les, ells a d supe ata t e e 
e t ifuged at  g fo   i utes. The supe ata t as i ed ith  µl gl e ol, ali uoted a d 

sto ed as G  sto k at - ° C.  
 

 

2.2.4.3 Vi us p odu tio  

Fo  i us p odu tio , HEK  ells e e f eshl  tha ed. HEK  ells e e p epa ed at a o flue  
of  % o    ell ultu e plates. Fo  i fe tio ,  MOI of the G  sto k diluted i   l DMEM 
i fe tio  ediu  pe  ell ultu e dish e e used. Afte  o e hou  of i fe tio ,  l DMEM g o th 

ediu  e e added o  e e  plate. -  hou s afte  i fe tio , ells e e a efull  i sed of the ell 
ultu e plate. Vi us o tai i g ells e e pelleted at  g fo   i utes a d supe ata t as 
ithd a . Cell pellets e e esuspe ded i   l l sis uffe  a d sto ed at - ° C u til aesiu  hlo ide 

pu ifi atio . 
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2.2.4.4 Vi us pu ifi atio  usi g aesiu  hlo ide de sit  g adie t 

To elease the i us f o  the ells, the HEK  ell pellet see . . .  as epeatedl  f oze  a d 
tha ed fo  th ee ti es to dest o  the ells. The solutio  as e t ifuged at  g fo   i utes to 
sepa ate the i us f o  the ell de is. The i us o tai i g supe ata t as t a sfe ed i to a e  
tu e a d i u ated ith .  U/ l Be zo ase a d  M MgCl  fo   hou s at oo  te pe atu e to 
digest the e ai i g ellula  DNA. Afte a ds, the i us as pu ified i  a aesiu  hlo ide de sit  
g adie t. The efo e, the g adie t as uilt i  a  ult a e t ifugatio  tu e usi g  l of .  g/ l 
aesiu  hlo ide solutio  a d  l of .  g/ l aesiu  hlo ide solutio . The i us solutio  as 
a efull  added o  top of the g adie t a d tu es e e e t ifuged i  a  ult a e t ifuge at   g fo  
 h at °C. The i us a d as take  off usi g a s i ge a d applied to a se o d aesiu  hlo ide 

de sit  g adie t fo  fu the  pu ifi atio . The efo e, the g adie t as e t ifuged fo   h. Fi all , the 
pu ified i us a d as take  off, finally desalted using disposable PD-10 desalting columns. Viruses 

were obtained in virus storage buffer a d ali uots e e sto ed at - ° C.  
 
 

2.2.5 I  vitro assa s usi g i us 

2.2.5.1 I fe tio  of ells ith i us  

 hou s efo e i us i fe tio , ells e e seeded at o e t atio s of , , ,  
ells o   ell,  ell,  ell a d   dish, espe ti el . Vi uses e e tha ed o  i e a d 

app op iate o ki g dilutio s e e p epa ed f eshl  usi g i fe tio  ediu . Fo  i fe tio , g o th 
ediu  as aspi ed a d ells e e i fe ted i  edu ed olu e of i fe tio  ediu  o tai i g the 

diluted i us. Cells o   ell,  ell,  ell o    dish e e i fe ted ith µl, µl, µl, l, 
espe ti el . Cells e e s a ed e e   i utes fo  o e hou  a d i fe tio  as te i ated  addi g 

g o th ediu  to the ells.  
Fo  i fe tio  ith ag eti  a opa ti les,  ells e e seeded o  a  ell plate i   l g o th 

ediu   hou s efo e t eat e t. Fo  oati g of i al pa ti les, a atio of  fg ag eti  a opa ti les 
PEI-Mag  pe  i al pa ti le as used. The efo e, the i us as diluted to a  app op iate o e t atio  

usi g DMEM a d the a opa ti les e e diluted i  ste ile deio ized ate .  µl of diluted i us as 
added to  µl of ag eti  a opa ti les, a efull  i ed  pipetti g up a d do  a d i u ated at 
oo  te pe atu e fo   i utes. The , a ag eti  field as applied  positio i g the ell ultu e 

plate o  a  ell ag eti  plate. The oated i us as added to the ells a d i u ated fo   i utes. 
Fi all , ell ultu e plates e e put a k i  the i u ato .  
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2.2.5.2 Pote  assa  

 ells e e seeded o  a  ell plate.  hou s afte  seedi g, ells e e t eated as desi ed. 
Fou  da s afte  i fe tio , the ediu  as aspi ed, ells e e ashed th ee ti es ith PBS a d fi ed 
fo   i utes at ° C usi g  l i e old  % TCA. The  TCA as e o ed a d ell la e s e e ashed 
fou  ti es ith tap ate . Cells e e stai ed ith  l of .  % SRB solutio  fo   i utes. U ou d 
SRB as e o ed  ashi g fi e ti es ith  % a eti  a id a d plates e e ai  d ied. D ied plates 

e e s a ed a d ou d SRB as solu ilized i   l  M T is ase a d diluted :  ith PBS i  a 
 ell plate. Fi all , SRB a so a e as easu ed at   usi g the plate eade  p oto ol SRB-

a so a e   .  s.  
 

 

2.2.5.3 A al sis of i al epli atio  

Fo  a al sis of i al epli atio ,  ells e e seeded o  a  ell ell ultu e dish a d i fe ted 
the e t da  ith a ious MOIs as des i ed i  . . . . , ,  a d  hou s afte  i fe tio , ells e e 

ashed ith PBS a d DNA l sates e e p epa ed as des i ed i  . . . . Fi e  DNA as ua tified  
pe fo i g a fi e  PCR . . . .  

 

 

2.2.5.4 Qui k tite  test 

To a al ze the tite  of the G  sto k,  HEK  ells e e seeded o  t o  ell ell ultu e plates. 
 hou s afte  seedi g, ells e e i fe ted ith , , , , , , ,  a d  µl of :  diluted 

G  sto k. U i fe ted ells se ed as o t ol. Cells e e o se ed u de  the i os ope dail . As soo  
as  % CPE as isi le i  o e of the i fe ted ells, the tite  as al ulated a o di g to the used 
i fe tio  olu e.  

 

 

2.2.5.5 Vi al pa ti le fo atio   

 MB  ells e e seeded o  a  ell plate a d  hou s late , the ells e e t eated ith 
i hi ito  o  left u t eated as des i ed i  . . . . Afte  a othe   hou s, the ells e e i fe ted ith 

 MOI of i di ated i uses. At  hou s afte  i fe tio , ells a d supe ata t e e ha ested, a d 
i uses e e eleased f o  ells  th ee tha -f eeze i les. Fi all , sa ples e e e t ifuged fo   
i utes at  g a d fo atio  of i al pa ti les as ua tified  pe fo i g a d he o  tite  test as 

des i ed i  . . . .  
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2.2.5.6 He o  tite  test 

Lo  passage HEK  ells e e seeded o  a  ell plate at a o e t atio  of  ells pe  ell 
i   µl. Pu ified i us as added to HEK  i  dilutio s a gi g f o  -  to -  i  olu es of  µl 
a d  µl. Afte   to  hou s, HEK  ells e e fi ed a d stai ed a o di g to the AdEas  Vi al Tite  
Kit i st u tio  a ual Agile t Te h ologies, .  
 

 

2.2.5.7 IFNγ- o ultu e assa   

PBMCs e e isolated f o  hole lood  Fi oll de sit  g adie t sepa atio . PBMCs e e ou ted 
a d ultu ed o    dishes fo   da s u de  IL  sti ulatio   U/ l . O  the thi d da , PBMCs 

e e e t ifuged, esuspe ded i  f esh ediu  a d ultu ed fo  a othe   da s. O  the sa e da ,  
 UMUC  ells pe  ell e e plated o  a  ell plate. Afte   hou s, UMUC  ells e e i fe ted 

ith a ious doses of diffe e t i uses, t eated ith  g/ l LPS o  left u t eated. O  da  si , UMUC  
ells e e t eated ith  µg/ l aPD-L  a ti od  o  left u t eated a d  illio  PBMCs e e added 

to ea h ell. UMUC  ells a d PBMCs e e o ultu ed fo   hou s. The , the ell f ee supe ata t 
as a al zed fo  the IFN  o te t usi g a  IFN  ELISA. The ELISA as pe fo ed a o di g to the 

BioLege d IFN  Kit i st u tio  a ual.  
 
 

2.2.6 P otei  io he i al ethods 

2.2.6.1 P epa atio  of ellula  p otei  l sates 

The e ti e p o edu e as st i tl  a ied out o  i e. Cells e e ashed  ti es ith i e old PBS 
a d l sed usi g old p otei  l sis uffe  o tai i g phosphatase a d p otease i hi ito s.  µl a d 

 µl l sis uffe  e e used fo    a d  ell plates, espe ti el . Cells e e ha ested usi g ell 
s ape s a d the l sate as t a sfe ed to a i o e t ifuge tu e. Whe  usi g RIPA p otei  l sis uffe  
o  IP p otei  l sis uffe , sa ples e e i u ated i  a otato  at ° C fo   i utes. Whe  usi g SDS 
p otei  l sis uffe , sa ples e e shea ed to dis upt DNA p otei  o ple es usi g a -gauge eedle 
u til o is osit  as o se ed. L sates e e e t ifuged at   g fo   i utes at ° C i  a p e-
ooled e t ifuge. Supe ata t as t a sfe ed i to a f esh tu e a d used eithe  i ediatel  o  sto ed 

at - ° C.  
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2.2.6.2 I u op e ipitatio  

The e ti e p o edu e as st i tl  a ied out o  i e. Fo  i u op e ipitatio  agai st hPD-L ,  µl 
esi  pe  sa ple e e used. Resi  as ashed th ee ti es ith IP l sis uffe . Afte  the thi d ashi g 

step, eads e e esuspe ded i   l IP l sis uffe  a d i u ated ith ,  µg of aPD-L -a ti od  pe  
sa ple i  a otato  at ° C fo   hou s o  o e ight. U ou d a ti od  as e o ed  ashi g  
ti es ith IP l sis uffe  a d eads e e esuspe ded i   µl IP l sis uffe  pe  sa ple. Cellula  
p otei  l sates e e p epa ed usi g IP l sis uffe  as des i ed i  . . . . a d  µg l sed p otei  i  
a total olu e of  µl e e used fo  i u op e ipitatio  o e ight at ° C. U ou d p otei  as 
e o ed  ashi g  ti es ith PBS. Bou d p otei  as eluted  addi g  µl of IP elutio  uffe  

a d heati g up the sa ples to °C fo   i . Fi all , eads e e pelleted a d l sate as used 
i ediatel  fo  sodiu  dode l sulfate pol a la ide gel ele t opho esis SDS-PAGE . 

 

 

2.2.6.3 Qua tifi atio  of p otei  o e t atio  a d sa ple p epa atio  

P otei  o e t atio  as ua tified usi g the BCA assa  a o di g to a ufa tu e s p oto ol i  
a  ell fo at. Fo  the easu e e t, all sa ples e e p epa ed i  dupli ates a d i u ated ithi  
the o ki g eage t fo   i utes at ° C.  µl of the p otei  l sate i ed ith  µl of  loadi g 

uffe  a d DTT e e used fo  ea h SDS-PAGE. Sa ples e e de atu ed at ° C fo   i utes a d 
e e eithe  used i ediatel  o  sto ed at - ° C.  

 

 

2.2.6.4 I u o lotti g 

2.2.6.4.1 Sodiu  dode l sulfate pol a la ide gel ele t opho esis SDS-
PAGE  

Fo  p otei  sepa atio , pol a la ide gels e e ha d ast usi g gel asti g ha e s. ,  o   % 
sepa ati g gels a d sta ki g gels e e p epa ed as des i ed i  Ta le  a d . The sepa ati g gel as 
o e ed ith  l isop opa ol du i g pol e izatio  to e su e a sha k de a atio . O e the 

sepa ati g gel as pol e ized, the isop opa ol as e o ed, the sta ki g gel as pou ed a d a o  
as i se ted. Afte  o plete pol e izatio , gels e e fi ed i to the ele t opho esis asse l  a d 

loaded ith  µl of p otei  sa ple pe  ell. Ele t opho esis as a ied out at  V u til p otei s 
e te ed the sepa ati g gel. Ele t opho esis as o ti ued u til loadi g f o t as u i g out at  V.  
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Ta le : Co positio  of sepa atio  gel. 

I g edie t % % % 

H O [ l] .  .  .  

. M T is pH . [ l] .  .  .  

% a la ide/Bis-a la ide solutio  [ l] .  .   

% APS [µl]    

TEMED [µl]    

Total l l l 
 

 

Ta le : Co positio  of sta ki g gel.  

I g edie t Volu e 

H O [ l] .  

. M T is pH .  [ l] .  

% a la ide/Bis-a la ide solutio  [ l] .  

% APS [µl]  

TEMED [µl]  

Total  

 

2.2.6.4.2 T a sfe  a d lo ki g 

Follo i g ele t opho esis, p otei s e e t a sfe ed o to a PVDF e a e that as a ti ated i  
a etha ol ath fo   i utes. Spo ges a d lotti g pape  e e i u ated i  lotti g uffe . The gel 
a d the e a e e e asse led i  et ee  t o la e s of lotti g pape  a d spo ges. P otei s 

e e t a sfe ed fo   to  hou s at  V usi g old lotti g uffe . Follo i g the t a sfe , e a es 
e e lo ked fo  o spe ifi  i di g i  lo ki g uffe  fo   hou  at oo  te pe atu e. 

 

 

2.2.6.4.3 I u odete tio  

P i a  a ti odies e e diluted as e ui ed i  a ti od  dilutio  uffe . Me a es e e i u ated 
i  p i a  a ti od  solutio  o e ight at ° C o  fo   hou  at oo  te pe atu e. Afte  ashi g  to  
ti es ith TBS-T, e a es e e i u ated ith se o da  a ti od  diluted i  lo ki g solutio  fo  
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 i utes at oo  te pe atu e. Afte   to  fu the  ashi g steps ith TBS-T, p otei s e e dete ted 
usi g the ECL ea tio  a d he ilu i es e t sig al as isualized usi g auto adiog aph  fil s. 

 

 

2.2.7 I u ofluo es e e stai i g  

Co e slips e e pla ed i   ell plates, o e ed ith etha ol fo   i utes a d ashed ith ste ile 
PBS. The ells e e seeded at the desi ed de sit  a gi g f o   to  ells/ ell  o to the 
o e slips. Afte   hou s, ells e e i fe ted ith desi ed MOIs of a ious i uses o  left u i fe ted. 

Afte   to  hou s of t eat e t, ells e e fi ed. The efo e, the ediu  as aspi ed a d ells e e 
ge tl  ashed ith PBS. Cells e e fi ed ith i e old etha ol:a eto  :  fi ati e solutio  fo   

i utes at - ° C. The fi ati e solutio  as aspi ed a d ells e e ai  d ied fo   i utes. To lo k 
u spe ifi  i di g sites, ells e e i u ated ith  µl lo ki g solutio  pe  ell fo   i utes at 
oo  te pe atu e. Afte  th ee ashi g steps ith PBS, stai i g ith the p i a  a ti od  as 

pe fo ed i   µl lo ki g solutio  fo   hou  at oo  te pe atu e. U ou d a ti od  as e o ed 
 ashi g th ee ti es ith PBS. Stai i g ith the se o da  a ti od  as also do e i   µl lo ki g 

solutio  fo  a i u   hou  at oo  te pe atu e i  the da k. Afte   ashi g steps ith PBS, DNA 
as stai ed ith DAPI a d ells e e agai  ashed ith PBS fo   ti es. Fi all , o e  slips e e fi ed 

o  glass slides usi g ate  ased ou ti g edia. I u ofluo es e e stai i g as i ediatel  
a al zed u de  the i os ope o  sto ed at °C.  

 

 

2.2.8 I  vivo e pe i e ts  

- eek old ath i  Fo u/ u i e a d C BL  e e pu hased f o  Cha les Ri e  a d kept at the 
a i al fa ilit  of the Te h i al U i e sit  of Mu i h. Mi e e e kept i  IVCs i  g oups of a i u   
a i als pe  age fo  o e eek to adjust to the e i o e t efo e the e pe i e t as sta ted. All 
a i al e pe i e ts e e pe fo ed i  a o da e ith the Ge a  la . The p oto ol as app o ed 

 the Dist i t Go e e t of uppe  Ba a ia.  
 

 

2.2.8.1 O thotopi , i t a u al i je tio  of tu o  ells i to the ladde   

I je tio s e e pe fo ed a o di g to the pu lished p oto ol f o  Jäge  et al. . I  ief,  % 
o flue t ells e e passaged :  to :  o e da  efo e in vivo i je tio s. Fo  i je tio s, ells e e 

ha ested a d ou ted as des i ed i  . . . . Desi ed a ou ts of ells e e t a sfe ed i to a e  
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tu e, e t ifuged a d esuspe ded i  a PBS-Mat igel i tu e :  atio  i  o de  to ea h the desi ed 
ell o e t atio . The follo i g ell u e s e e used:  

 

 

Mouse odel Cell u e  

UMUC , Fo N u/ u  ells i  µl Mat igel:PBS 

MB , C BL   ells i  µl Mat igel:PBS 

MB , C BL   ells i  µl Mat igel:PBS 

 

 

The i je tio  olu e of tu o  ell suspe sio  as  µl pe  ouse. Cells, s i ges a d eedles 
e e kept o  i e to a oid Mat igel pol e izatio .  

Mi e e e a esthetized ith edeto idi e- idazola -fe ta l i tu e MMF, edeto idi e: 
.  g/kg, idazola :  g/kg, fe ta l: .  g/kg , p ope  a esthetizatio  as o fi ed  toe 

pi hi g. Mi e e e ou ted o  the i agi g ta le, a ladde  sta ilizatio  st ap a d ult asou d gel 
e e applied a d the ladde  as isualized usi g the ult asou d. Fo  the sepa atio  of the ladde  
all la e s, a .  l s i ge filled ith PBS a d o e ted to a  gauge, ¾  eedle as used. Whe  

the eedle as i  the o e t positio  et ee  us le la e  a d u osa, ste ile PBS as i je ted to 
eate a  a tifi ial spa e. The eedle as ithd a  a d the s i ge filled ith the tu o  ell 

suspe sio  atta hed to a e   gauge, ¾  eedle as put i to the s i ge la p a d i je ted i to 
the ouse i  o de  to i je t tu o  ells i to the a tifi iall  ge e ated spa e. Afte  su essful i je tio , 

ouse as dis ou ted f o  the i agi g ta le, a d kept i  a a  e i o e t u de  o ti uous 
o se atio . Whe  full  e o e ed f o  the a estheti , i e e e pla ed a k i  the ho e age.  

 

 

2.2.8.2 Mo ito i g of tu o  g o th  ult asou d 

Mo ito i g of tu o  g o th as pe fo ed at least t o ti es pe  eek. The efo e, i e e e 
a esthetized ith a .  % isoflu a e-o ge  i tu e a d p ope  a esthetizatio  as o fi ed  toe 
pi hi g. The ouse as ou ted o  the i agi g ta le, a ladde  sta ilizatio  st ap a d ult asou d 
gel e e applied a d the ladde  as isualized usi g the ult asou d. A D ult asou d as pe fo ed 

ith s a i g the hole ladde  i  .   steps. The tu o  olu e as dete i ed usi g the 
Visual So i s i agi g soft a e  a al zi g e e  fifth pi tu e a o di g to the a ufa tu e s a ual. 
Afte  su essful i agi g, ouse as dis ou ted f o  the i agi g ta le, a d kept i  a a  
e i o e t u de  o ti uous o se atio . Whe  full  e o e ed f o  the a estheti , i e e e 
pla ed a k i  the ho e age.  

Fo  tu o  olu e as easu ed usi g the Visual So i s i agi g soft a e  a al zi g e e  fifth 
pi tu e a o di g to the use  a ual Jäge  et al. .  
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2.2.8.3 I t atu o al i us i je tio  

Whe  tu o s ea hed a  a e age size of  , i e e e t eated ith i us o  PBS e e  fou th 
da  fo  a total of  ti es. Fo  t eat e t of the tu o  ith i us o  PBS, i e e e a esthetized ith a 

.  % isoflu a e-o ge  i tu e a d p ope  a esthetizatio  as o fi ed  toe pi hi g. The ouse 
as ou ted o  the i agi g ta le, a ladde  sta ilizatio  st ap a d ult asou d gel e e applied a d 

the ladde  as isualized usi g the ult asou d. A .  l s i ge filled ith i us o  PBS a d o e ted 
to a  gauge, ¾ eedle. The eedle as i je ted i  the iddle of the tu o  a d PBS o  i us as 
i je ted e  slo l  u de  o ti uous et a ti g of the eedle.  i al pa ti les of XVi -N-  i  a 
olu e of  to µl o  a  e ual olu e of PBS e e used fo  t eat e t. 

Afte  su essful i je tio , ouse as dis ou ted f o  the i agi g ta le a d kept i  a a  
e i o e t u de  o ti uous o se atio . Whe  full  e o e ed f o  the a estheti , i e e e 
pla ed a k i  the ho e age. 
 

 

2.2.9 Tissue p o essi g a d hae ato li  & eosi  stai i g  

Tissue as fi ed i  pa afo aldeh de fo   to  hou s at °C, follo ed  deh d atio  i  the tissue 
p o esso  a d e eddi g i  pa affi . .  µ  thi k se tio s e e ut usi g a i oto e a d pla ed 
o to slides. Fo  hae ato li  & eosi  H&E  stai i g, the p oto ol as des i ed i  Ta le  as used.  

 

Ta le : P oto ol fo  H&E stai i g. 

Ti e Solutio  Step 

-  i  X lol 

Depa affi izatio  

 i  Isop opa ol 
 i  % Etha ol 
 i  % Etha ol 
 i  Bidest H O ELGA  

 i  Hä alau  

Stai i g 

 i  Tap ate  

 i  ELGA ate  

 se  % Etha ol +HCl -  d ops  

 i  Eosi  +  d ops a eti  a id/  l Eosi  

 se  % Etha ol 

Reh d atio  
 se  % Etha ol 
 se  Isop opa ol 

 i  X lol 
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2.2.10 Statisti al o pa iso . 

G aphs e e plotted usi g a ith eti  ea  ± sta da d de iatio  S.D.  o  sta da d e o  S.E. . A -
tailed Stude t s t-test as used fo  statisti al a al sis a d p ≤ .  as o side ed to e statisti al 
sig ifi a t. 
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3 Results  

Based o  the o ol ti  apa it  of i othe ap  a d the the apeuti  ele a e of ICB, e ai ed to 
esta lish a e  the apeuti  app oa h fo  ladde  a e   o i i g the YB-  depe de t o ol ti  
i othe ap  ith a PD-L  spe ifi  ICB. He e, e ega   lo i g a d ge e ati g a o el i us 

e odi g fo  a  a ti PD-L  a ti od .  
 

 

3.1 Co st u tio  of the e o i a t ade o i us XVi -N- -aPD-L  

3.1.1 De elop e t of a lo i g st ateg  a d lo i g of the i al plas id  

We sta ted  lo i g the plas id e odi g fo  the o el i us XVi -N- -aPD-L  hi h o tai s a  
a ti-PD-L  e odi g t a sge e i  its E  egio . The efo e, e fi st de eloped the t a sge e a d eated 
a lo i g st ateg .  

The t a sge e e i teg ated o sists of t o pa ts, the epitope i di g Fa  f ag e t a d the F  
pa t of the a ti od  figu e . . The F  pa t f o  the hu a  IgG  as p o ided  PD Las hi ge  

ithi  a plas id. The Fa  f ag e t as e l  desig ed. Its ai  pa t o sists of the a ia le light 
hai  a d the a ia le hea  hai  o e ted  a gl i e-se i e li ke  Gl Se  li ke . The se ue e 

fo  this f ag e t as used f o  the pate t US  A  I i g et al. .  to the epitope 
i di g pa t, the e is the Kozak se ue e GCC ACC hi h is i po ta t fo  t a slatio  effi a  Kozak 

. The se ue e is follo ed  the sta t odo  ATG a d the Igκ leade  se ue e ATG GAG ACA 
GAC ACA CTC CTG CTA TGG GTA CTG CTG CTC TGG GTT CCA GGT TCC ACT GGT GAC  that is eeded fo  
a ti e p otei  se etio . I  additio , the e is a se ue e e odi g fo  the HA tag  of the a ia le light 
hai . The HA tag as used fo  dete ti g the a ti od .  

Afte  desig i g the se ue e fo  the Fa  f ag e t, it as s thesized life te h ologies ®  a d 
p o ided ithi  a plas id. 
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Figu e . : St u tu e of the a ti PD-L  t a sge e. A The a ti-PD-L  t a sge e is o posed of a do ai  

e odi g the a tige  i di g Fa  f ag e t hi h o sists of the a ia le light hai , the 
Gl Se  li ke  a d the a ia le hea  hai , a d a do ai  e odi g fo  the F  f ag e t 

of the a ti od . At the  e d, the t a sge e has a Kozak se ue e, the sta t odo , a  IgK 
leade  se ue e a d a  HA tag. B A s he ati  depi tio  of the e oded p otei  se ue e. 
The p otei  a  e dete ted ia its N-te i al HA tag. 

 

 

The , e sta ted to lo e the plas id e odi g fo  the o el i us XVi -N- -aPD-L . The efo e, e 
fi st ligated the  e d of the Fa  f ag e t to the  e d of the F  pa t Figu e . . The o plete 
t a sge e as the  lo ed i to a s all, p o tai i g se tio  of the Wt E  egio . The Wt E  pa t 
o tai i g the t a sge e as the  su se ue tl  i teg ated i to the o plete Wt E  egio . Fi all , 

the  p la ge WtAd E  egio  i ludi g the a ti-PD-L  e odi g t a sge e as ligated i to the 
E  egio  of the plas id e odi g fo  XVi -N- .  
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Figu e . : Clo i g st ateg  fo  pXVi -N- -aPD-L . The Fa  aPD-L  e odi g t a sge e as ligated to 
the F  pa t of the hu a  IgG  ithi  the plas id p DNA . . Via se e al lo i g steps the 
t a sge e as fi all  i teg ated i to the WtE  egio  of pXVi -N- .  

 

 

 

T o diffe e t plas ids e e lo ed, pXVi -N- -FL-aPD-L  e odi g fo  a full le gth FL  a ti PD-L  
a ti od  a d pXVi -N- -s F -aPD-L  e odi g fo  a si gle hai  a ia le f ag e t s F  a ti PD-L  
a ti od  Figu e . . This i us a ose due to a shift i  the eadi g f a e of the t a sge e hi h led to 
a stop odo  i  the hi ge egio  of the F  pa t. I  additio , a plas id e odi g fo  a o t ol i us that 
e p esses o l  the F  pa t of the hu a  IgG  as o st u ted.  

Fo  si plifi atio , the te  XVi -N- -aPD-L  is f o  o  o  used he  efe i g to XVi -N- -
FLaPD-L  a d XVi -N- -s F aPD-L .  
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Figu e . : Ge o e of XVi -N- -aPD-L  a d esulti g a ti odies. The ge o i  st u tu e of XVi -N-
 a d the a ti-PD-L  t a sge e. T o i uses diffe i g o l  i   ase pai s i  the hi ge 

egio  of the t a sge e e e i teg ated i to the E  egio . The  e ode fo  a s F aPD-L  
a d a FLaPD-L  a ti od . 

 

 

3.1.2 P odu tio  of XVi -N- -aPD-L  i  HEK   

Afte  lo i g of the i al plas ids, the i uses XVi -N- -FLaPD-L , XVi -N- -F  a d XVi -N- -
s F aPD-L  e e ge e ated i  HEK  ells figu e .  A . The efo e, the plas ids e e li ea ized  
Pa I digestio  a d HEK  ells e e t a sfe ted ith li ea ized plas ids. Pla ues e e dete ta le  
to  da s afte  t a sfe tio  a d ells sho ed a t pi al CPE. To p odu e the i al ude sto ks, ells a d 
supe ata t e e ha ested a d p o essed as des i ed i  . . . . Fo  la ge s ale p odu tio  of the 
i us, HEK  ells e e i fe ted ith  to  MOI of the G  ude sto k. At  to  hou s post 

i fe tio , the ells sho ed a CPE a d e e ha ested  e t ifugatio  figu e .  B .  
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Figu e . : Vi us p odu tio  i  HEK  ells. A Rep ese tati e pi tu e of pla ues afte  t a sfe tio  of 
HEK  ells ith i al plas ids. B P odu tio  of the i us i  HEK  ells.  to  hou s 
afte  i fe tio , ells sho ed a CPE a d e e ha ested fo  isolatio  a d pu ifi atio  of the 
i us.  

 

 

Su se ue tl , the i uses e e isolated f o  the ells  epeated f eeze tha  les a d pu ified usi g 
CsCl de sit  g adie t e t ifugatio . Afte a ds, the i al tite s e e easu ed. The he o  tite  test 
e ealed tite s of .    pfu/ l fo  XVi -N- -s F aPD-L , .    pfu/ l fo  XVi -N- -FLaPD-L  

a d .    pfu/ l fo  XVi -N- -F . A al sis of i al pa ti les pe  l a d the atio of i al pa ti les 
to i fe tious pa ti les P:I atio  a e su a ized i  ta le .  

 

 

Ta le : Tite s, i al pa ti les pe  l a d P:I atios of the ge e ated i uses. 

Vi us Tite  [pfu/ l] Vp/ l P:I atio 

XVi -N- -s F aPD-L  .     .   

XVi -N- -FLaPD-L  .    .   

XVi -N- -F  .    .   

 

 

 

O e e had p odu ed the i uses a d e ified thei  tite s e p oofed thei  ide tit . The efo e, a 
spe ifi  PCR as de eloped that ta gets egio s of XVi -N-  diffe i g f o  the WtAd ge o e Figu e 

. . The PCR p o ed the o e t ide tit  of the e l  ge e ated i uses. I  detail, it ould e sho  
that all tested i uses ha e the E A egio   p a d , ut o l  the WtAd has the E A S egio  

 p  a d . The deleted E B K egio  WtAd:  p a d, XVi -N- :  p  as dete ta le o l  
i  the XVi -N-  ased i uses. The p ese e of E  ADP p a d  as o fi ed i  XVi -N- -aPD-
L  a d XVi -N- -F  hi h a e ot deleted i  E . The RGD otif  p  as p o e  i  all XVi -N-  

ased i uses. The p ese e of the a ti-PD-L  t a sge e  p  a d the F  t a sge e  p  as 
also sho . This PCR ea tio  a  ide tif  oth XVi -N- -FLaPD-L  a d XVi -N- s F aPD-L , ho e e , 
due to the diffe e e of o l   p, it a ot disti guish the t o i uses.  
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Figu e . : PCR to test the ide tit  of the ge e ated i uses. Gel ele t opho esis of PCR a plified 
p odu ts. CsCl pu ified i uses e e heat de atu ed   i utes i u atio  at ° C a d 

 µl e e used as te plate DNA. The e l  ge e ated i uses e e tested fo  E A, the 
deletio  i  E A S a d E B K, fo  E  ADP a d the deletio  i  E  as ell as the RGD otif 
a d the p ese e of the t a sge e. P: XVi -N- s F aPD-L , F: XVi -N- -F , X: XVi -N- , 
W: WtAd This is a ep ese tati e esult, data fo  XVi -N- -FLaPD-L  a e ot sho .  

 

 

3.2 i  vitro ha a te izatio  of XVi -N- -aPD-L   

Afte  su essful lo i g a d p odu tio  of XVi -N- -s F aPD-L  a d XVi -N- -FLaPD-L , e 
ha a te ized the i uses i  a ious in vitro assa s. We sta ted  e aluati g the YB-  status of the th ee 
ladde  a e  ell li es UMUC , T  a d J  i  o de  to hoose the est ell li e fo  the a al sis of 

XVi -N-  ased i uses. I u ofluo es e e stai i g e ealed that all th ee ell li es sho  a 
toplas ati , pe i u lea  lo alizatio  of YB-  figu e . . To i estigate the su ellula  lo alizatio  of 

YB-  upo  i fe tio  ith XVi -N- , e stai ed the ells fo  ade o i al E A a d YB-  a d ould o se e 
a disti t t a slo atio  of YB-  i to the u leus i  E A positi e ells. Based o  the do i a t 
t a slo atio  of YB-  i to the u leus a d the high sus epti ilit  fo  ade o i al i fe tio , e hoose 
the ell li e UMUC  fo  the in vitro a al sis of oth XVi -N- -s F aPD-L  a d XVi -N- -FLaPD-L .  
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Figu e . : Su ellula  lo alizatio  of YB-  i  ladde  a e  ell li es. UMUC , T  a d J  ells e e 
seeded a d i fe ted ith ,  a d  MOI of XVi -N- . At  hou s afte  i fe tio , ells 

e e fi ed a d stai ed fo  YB-  a d ade o i al E A. S ale a  o espo ds to  µ .  

 

 

3.2.1 A al sis of epli atio  of XVi -N- -aPD-L   

Vi al epli atio  i  UMUC  ells as a al zed  ua tif i g fi e  DNA at ,  a d  hou s afte  
i fe tio  figu e . . The PCR esults sho ed that oth XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-
L  epli ate i  the hu a  ladde  a e  ell li e a d that thei  epli ati e apa it  is o pa a le. At 

 hou s afte  i fe tio , WtAd sho ed the highest epli atio  alues hi h i eased a out -fold 
afte   hou s. Repli atio  of all XVi -N-  ased i uses as oughl  -fold lo e  tha  WtAd at  
hou s afte  i fe tio  a d oughl  -fold lo e  at  hou s afte  i fe tio .  
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Figu e . : XVi -N- -aPD-L  epli ates i  the hu a  ladde  a e  ell li e UMUC . UMUC  ells 

e e i fe ted ith  MOI of i di ated i uses. At ,  a d  hou s afte  i fe tio , ells 
e e l sed a d DNA as pu ified. Fi e  DNA as ua tified  PCR a d o alized to the 
 hou s alue. GAPDH a d a ti  se ed as efe e e ge es.  

 

 

3.2.2 I estigatio  of the o ol ti  a ti it  of XVi -N- -aPD-L  

Ne t, e i estigated the ell killi g apa it  of XVi -N- -aPD-L  i  UMUC  ells figu e .  A a d B . 
A pote  assa  sho ed that oth XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-L  a e o ol ti . 
I fe tio  of ells ith XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-L  usi g MOIs et ee   a d  
i du ed o ol sis i   % of the ells a d a o plete ell l sis as see  upo  i fe tio  ith  MOI. 
The IC  alue of XVi -N-  as  MOI a d i us o e t atio s of  MOI i du ed o ol sis i  all 
ells sho i g a st o g o ol ti  effe t of XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-L  i  the ladde  
a e  ell li e UMUC . Additio all , these esults sho ed a slightl  highe  pote  of oth XVi -N- -

FLaPD-L  a d XVi -N- -s F aPD-L  o pa ed to XVi -N-  hi h ight ha e ee  aused  i o  
a iatio s i  i al tite s.  
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Figu e . : XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-L  ha e o ol ti  a ti it  i  UMUC  ells. A 
To a al ze the i al ell killi g apa it , UMUC  ells e e i fe ted ith a ious MOIs of 
i di ated i uses. At  hou s afte  i fe tio , ells e e fi ed a d ell killi g as easu ed 

 SRB stai i g. B A ep ese tati e pi tu e sho i g SRB stai ed ells at  hou s afte  
i fe tio  ith XVi -N- -s F aPD-L . 

 

 

3.2.3 Ve ifi atio  of s thesis, se etio  a d fu tio alit  of the s F aPD-L  

a ti od   

Fu the o e, e i estigated the s thesis a d se etio  of the s F -aPD-L  a ti od  i  UMUC  ells 
figu e . . The de atu ed s F aPD-L  a ti od  had a size of  kDa. It as dete ta le i  the ellula  

l sate as ea l  as  hou s afte  i fe tio  a d a ti od  s thesis ea hed its a i u  afte  a othe  
 hou s. Se etio  as fi st dete ta le at  hou s afte  i fe tio  a d i eased st o gl  at  hou s 

afte  i fe tio .  
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Figu e . : S thesis a d se etio  of the s F aPD-L  a ti od  i  UMUC  ells. UMUC  ells e e 
i fe ted ith  MOI of XVi -N- -s F aPD-L . Afte  i di ated ti e poi ts ells e e 
ha ested a d the supe ata t as used fo  p otei  p e ipitatio . E p essio  of the HA 
tagged a ti od  as a al zed  i u o lotti g.  

 

 

 

The spe ifi  i di g of the s F aPD-L  a ti od  to PD-L  as a al zed  i u op e ipitatio . 
The efo e, e fi st sho ed that oth i fe ted a d u i fe ted UMUC  ells e p ess PD-L  i  a si ila  

a e  figu e .  B . Additio all , i u o lotti g agai st the HA tagged a ti od  o fi ed a 
suita le a ti od  p odu tio  i  i fe ted UMUC  ells figu e .  C . The p e ipitatio  of s F aPD-L  
agai st ellula  PD-L  a d the su se ue t i u o lotti g lea l  sho ed the spe ifi  e og itio  a d 

i di g of s F aPD-L  to its a tige  PD-L  figu e .  A .  
 

 
Figu e . : The s F aPD-L  a ti od  spe ifi all  i ds to ellula  PD-L . A Fo  i u op e ipitatio , 

UMUC  ells e e i fe ted ith i di ated i uses o  left u i fe ted. L sates e e 
p e ipitated agai st PD-L  a d su se ue tl  a al zed fo  the HA tagged a ti od   
i u o lotti g. Beads+aPD-L , eads alo e a d aPD-L  alo e e e a al zed as o t ols. 
B Cellula  l sates of i fe ted a d u i fe ted ells e e a al zed fo  PD-L  e p essio  a d 
a ti od  p odu tio  C   i u o lotti g. D The s F aPD-L  a ti od  a d a o e ial 
aPD-L  a ti od  e e used to dete t PD-L  i  UMUC , HEK  a d RT  ells. 
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Fu the  o , e ould sho  that the s F aPD-L  a ti od  is also usea le as a dete tio  a ti od  i  
i u o lotti g figu e .  D . Both the o e ial a ti od  a d the s F aPD-L  a ti od  sho ed a 
spe ifi  a d at  kDa. The s F aPD-L  a ti od  e ealed a st o g e p essio  of PD-L  i  the tested 
ell li es he eas the o e ial a ti od  dete ted o PD-L  e p essio  i  HEK  ells a d a lo  

e p essio  le el i  UMUC  ells. Al eit the sig al i te sit  et ee  the t o a ti odies as diffe e t 
i  the th ee tested ell li es, e o luded that s F -aPD-L  a  dete t de atu ed PD-L . 
 

 

 

3.2.4 A  atte pt to de elop a  i  vitro assa  to e if  the fu tio al 

lo ki g of PD-L   

I  additio  to the spe ifi  i di g to a d the dete tio  of PD-L , e a ted to i estigate if the 
s F aPD-L  a ti od  is a le to fu tio all  lo k PD-L . The efo e, e de eloped a  in vitro o ultu e 
assa  as des i ed i  . . . . The p i iple of this assa  is ased o  the i u e sti ulato  effe t of 
ade o i uses. It is k o  that ade o i al i fe tio s i du e the p odu tio  of a ious toki es, 
he oki es a d i u e sti ulato  p otei s like IFN  S hage  et al. . Fu the  o , it has ee  

sho  that IFN  i du es PD-L  e p essio  Bla k et al. . He e, e h pothesized that i fe ted 
UMUC  ells i du e IFN  e p essio  i  PBMCs a d that this effe t a  e e ha ed  lo ki g the 
PD- /PD-L  he kpoi t. Thus, e t ied to use the IFN  p odu tio  fo  easu i g the fu tio alit  of 
s F aPD-L . 

We pe fo ed u e ous assa s a d t ied diffe e t setti gs. Ne e theless, e had p o le s to 
ep odu e ou  esults hi h as ost likel  due to a ious fa to s, e.g. o e t atio  of the i uses, 

PBMC do o s, i u atio  pe iod fo  the PBMCs-UMUC  o ultu e a d effe to  ell to ta get ell atio. 
Th ee ep ese tati e esults a e depi ted i  figu e . . I  ge e al, e ould see that oth WtAd a d 
XVi -N-  i du e IFN  p odu tio  a d that this effe t ould e i eased  addi g a  a ti-PD-L  
a ti od . We also o se ed IFN  p odu tio  upo  i fe tio  ith XVi -N- -s F aPD-L  hi h ould e 
fu the  ele ated  addi g a  additio al a ti-PD-L  a ti od . Ho e e , e e e ot a le to 
sta da dize the p oto ol i  o de  to o tai  elia le a d ep odu i le esults. Thus, a fi al o lusio  
ould ot e ade.  
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Figu e . : IFN  espo se to ade o i uses a d PD-L  lo kade. A, B a d C sho  th ee i depe de t 
e pe i e ts. To easu e IFN  espo se, UMUC  ells e e i fe ted ith a ious MOIs of 
i di ated i uses o  left u i fe ted. At  hou s post i fe tio , PBMCs e e added to 
UMUC  ells i  a  E:T atio  of . : . Afte   hou s of o ultu e, IFN  o e t atio s i  
the ell f ee supe ata t e e dete i ed  ELISA.  

 

 

3.3 I estigatio  of the u i e ell li e MB  fo  ade o i al esea h 

A ajo  p o le  of ade o i al esea h is the diffi ult  of p ope  a i al odels fo  in vivo studies. So 
fa , the hu a ized ouse odel is the o l  possi ilit  to a al ze o ol ti  ade o i uses i  a hu a  

a kg ou d Shultz et al. . Ho e e , this odel is diffi ult to esta lish, e t e el  ti e i te si e, 
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o pli ated a d isk . To i u e t the hu a ized ouse odel, e i estigated if the u i e 
ladde  a e  ell li e MB  allo s ade o i al epli atio  a d thus ould e used i  a s ge ei  
ouse odel fo  ade o i al in vivo studies Solo a  .  

 

 

3.3.1 A al sis of i al epli atio  i  the u i e ladde  a e  ell li e MB  

To e if  if the u i e ell li e MB  allo s ade o i al epli atio , e fi st e aluated the YB-  
e p essio  figu e .  A . I u o lotti g sho ed that oth i fe ted a d u i fe ted MB  ells 
e p ess YB-  a d that the e p essio  le els e e o pa a le to UMUC  ells. A al sis of i al 
epli atio  sho ed that the used i uses did ot epli ate ithi  the fi st  hou s afte  i fe tio . At 

 hou s post i fe tio , o l  WtAd sta ted to epli ate. 
 

 

 

Figu e . : Repli atio  apa it  of WtAd a d XVi -N-  ased i uses i  MB  ells. A I fe ted I  
a d u i fe ted C  MB  ells e e a al zed fo  YB-  e p essio   i u o lotti g a d 
o pa ed to UMUC  ells. B MB  ells e e i fe ted ith  MOI of i di ated i uses. 

At , ,  hou s a d C at , ,  a d  hou s afte  i fe tio , ells e e ha ested, 
DNA as isolated a d pu ified. Fi e  DNA o te t as ua tified  PCR a d o alized 
to the  hou s alue. A ti  a d GAPDH se ed as efe e e ge es.  
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Additio all , epli atio  a al sis at  a d  hou s afte  i fe tio  sho ed a ti e depe de t de ease 
of fi e  DNA o te t fo  XVi -N-  ased i uses he eas fi e  DNA lea l  i eased upo  i fe tio  

ith WtAd figu e .  C . This o fi ed the epli atio  defi ie  of XVi -N-  ased i uses i  MB  
ells o pa ed to WtAd.  

 

 

 

Figu e . : CAR e p essio  of MB  ells. A HEK , UMUC  a d MB  ells e e a al zed fo  CAR 
e p essio . Stai i g ith the FITC la eled se o da  a ti od  se ed as o t ol. B 
Repli atio  a al sis of i di ated i uses i  MBT  a d MB  ells usi g o al i fe tio  a d 

ag etofe tio . Fo  ag etofe tio , the i us as oated ith ag eti  a opa ti les a d 
ells e e i fe ted usi g a ag eti  field. At  hou s afte  i fe tio , fi e  DNA o te t as 
ua tified a d o alized to the  hou s alue. C Fold i ease of i fe tio  ate usi g 
ag etofe tio  efe ed to o al i fe tio . I fe tio  ate as easu ed  ua tifi atio  

of fi e  DNA o te t at  hou s afte  i fe tio . GAPDH a d a ti  e e used as efe e e 
ge es. *p≤ . , ***p< . .  
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I  o de  to i estigate if the la k of epli atio  of XVi -N-  as due to lo  i fe tio  ates, e 
a al zed the CAR e p essio  figu e .  A . A FACS a al sis sho ed that MB  ells e e egati e fo  
CAR o pa ed to the CAR positi e HEK  a d UMUC  ells Sa i hi et al. . This esult i di ated 
that the lo  epli atio  apa it  of WtAd as possi l  due to edu ed i fe tio  ates a d that the 
epli atio  defi it of XVi -N-  ased i uses is CAR i depe de t. To e if  if ade o i al epli atio  is 

i  p i ipal possi le, e i fe ted MB  a d MBT  ells usi g ag etofe tio  a d easu ed i al 
epli atio  figu e .  B . He e, e ould sho  that epli atio  of WtAd as i eased up to -fold 

i  oth ell li es he  usi g ag etofe tio  o pa ed to o al i fe tio  at  hou s afte  i fe tio . 
Repli atio  of XVi -N-  as slightl  i eased upo  ag etofe tio  i  MBT  ells, ut ot i  MB  
ells. Fu the  o , e e e i te ested i  the i fe tio  ates of oth i fe tio  ethods a d the efo e e 
ua tified the fi e  DNA o te t at  hou s afte  i fe tio . Mag etofe tio  lea l  i p o ed i fe tio  

of oth i uses. I  detail, i fe tio  ith WtAd as i eased -fold to -fold i  MB  a d MBT  ells, 
espe ti el  a d i fe tio  ith XVi -N-  as i eased up to oughl  -fold i  oth ell li es figu e 
.  C . 

 

 

 

3.3.2 E aluatio  of o ol ti  a ti it  i  MB  ells  

Although the epli atio  a al sis sho ed e  li ited epli ati e apa it  of ade o i uses i  MB  
ells, e e e i te ested i  the i du tio  of ell death afte  i fe tio  ith XVi -N-  ased i uses 
figu e .  A a d B . The efo e, e i fe ted MB  ells ith XVi -N- - ased i uses a d ould sho  

a  MOI depe de t i du tio  of ell death ith IC  alues a gi g f o   to  MOIs. We also 
o se ed a p o i e t ha ge i  ellula  o pholog  figu e .  C . The e o ous s elli g a d 
aggluti atio  of the ells as see  as soo  as  hou s afte  i fe tio . We assu ed that the ell killi g 
effe t as aused  a toto i  effe t due to e t e el  high i us o e t atio s athe  tha  i du ed 

 the o ol ti  a ti it  of XVi -N-  i  MB .   
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Figure .1 : XVir-N- 1 ased viruses i du e ell death i  MB 9. A MB  ells ere i fe ted ith 
arious MOIs of i di ated iruses. At 6 hours after i fe tio , ells ere fi ed a d ell 

killi g as easured  SRB stai i g. B A represe tati e pi ture of SRB stai ed ells 
i fe ted ith XVir-N- -s F aPD-L . C MB  ells sho ed oti ea le ha es i  ellular 

orpholog  upo  iral i fe tio . S ale ar orrespo ds to  µ .  
 

 

 

3.4 Co i i g XVir-N- 1 a d utli - a i  MB 9 ells to i prove 
virotherapeuti  effe ts  

Our e peri e ts learl  de o strated that uri e MB  ells are er  li ited i  their per issi e ess 
for YB-  depe de t ade o iral repli atio . To use this ell li e i  a s ge ei  ouse odel, it is 

e essar  to i pro e ade o iral repli atio . U pu lished data fro  our la  i di ated that 
irotherapeuti  effe ts here dra ati all  e ha ed upo  o i atio  ith the Md  i hi itor 
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utli - a i  hu a  ell li es. Therefore, e ere i terested if e a  o er o e the lo  per issi e ess 
of uri e MB  ells for YB-  ased ade o iral repli atio . 
 

 

 Bio he i al effe ts of utli - a i  MB 9  

I  order to a al ze io he i al effe ts, e first deter i ed the orki g o e tratio  of utli - a. 
Here, e also i luded the CDK /  i hi itor PD-  figure . . A . Based o  results of a dose 
respo se assa , e set the orki g o e tratio  of utli - a as a si gle i hi itor to  µM hi h had 
a  % effe t o  ell ia ilit . The tested o e tratio s of PD-  had o l  i or effe ts o  ell 
ia ilit . For the o i atio  treat e t, e used  µM utli - a o i ed ith  µM PD-  
hi h had a  % effe t o  ell ia ilit . Ne t, e ere i terested i  the io he i al effe ts of utli -
a figure .  B . At  a d  hours after treat e t, utli - a i du ed a sta ilizatio  of p . This as 

a o pa ied  a lear de rease of E F  at  hours a d a o plete do regulatio  at  hours upo  
o e tratio s of  µM a d higher. We also o ser ed a redu tio  of pR  le els at o e tratio s of 

 µM a d higher at  hours a d  hours after treat e t. I  additio , total R  le els ere learl  
do regulated at  hours after treat e t. The io he i al effe ts of PD-  ere i estigated 
as part of a other proje t i  our la  a d sho ed o para le effe ts u pu lished data, data are ot 
sho . 

 

Figure . : Nutli - a i du es E F  dow regulatio  a d sta ilizes p  i  MB 9 ells. A To deter i e 
opti al orki g o e tratio s, MB  ells ere treated ith arious o e tratio s of 

utli - a a d PD- . At  hours after treat e t, ells ere fi ed a d assa ed  SRB 
stai i g. B MB  ells ere treated ith arious o e tratio s of utli - a a d the effe ts 
of treat e t o  E F , R , pR  a d p  ere a al zed  i u o lotti g.  
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Figure .16: Nutlin- a induces a G1 arrest in MB 9 cells. A MB  ells ere treated ith i di ated 
o e tratio s of utli - a a d PD-  a d i fe ted ith  MOI of XVir-N-  or left 

u i fe ted. At  a d  hours after treat e t or i fe tio , the ells ere fi ed a d DNA 
as stai ed ith -a i oa ti o i  -AAD  for ell le a al sis. B A ta ular su er  

of the per e tage of ells i  G /G  phase.  

 

 

 

Additio all , e e aluated the effe ts of utli - a a d PD-  o  the ell le figure . . A 
FACS a al sis sho ed the i du tio  of a G  arrest at  hours after utli - a treat e t hi h e a e 



    Results 

-  - 
 

o e do i a t at  hou s. T eat e t ith µM PD-  had o effe ts o  the ell le. Ho e e , 
a o i atio  of oth i hi ito s i du ed a G  a est at  hou s a d  hou s afte  t eat e t. Fu the  
o , e e e i te ested if this G  a est ould e e e sed upo  i us i fe tio  a d fou d that XVi -N-

 did ot a ogate the G  a est i  utli - a a d PD-  t eated ells. Ho e e ,  hou s afte  
i fe tio , XVi -N-  as a le to i du e a shift to a ds G /M phase i  the o i atio  t eat e t. 

 

 

3.4.2 A al sis of i othe apeuti  effe ts i  o i atio  ith utli - a a d 

PD-  

Afte  o fi i g the io he i al effe ts of utli - a a d PD- , e a al zed if XVi -N- - ased 
i othe ap  a  e i p o ed he  o i ed ith utli - a o  PD-  figu e . . We 

pe fo ed SRB assa s to easu e the ell killi g apa it  of XVi -N-  alo e a d i  o i atio  ith 
utli - a a d PD-  figu e .  A . I fe tio  of u t eated ells ith  a d  MOI of XVi -N-

 had a  % a d  % ell killi g effe t, espe ti el , he eas i fe tio  ith  MOI i du ed o ell 
l sis. Si gle t eat e t ith  µM utli - a a d  µM PD-  had o l  i o  additio al effe ts o  
ell killi g a d the st o g l ti  effe t upo  o i atio  of  µM utli - a a d  µM PD-  o  

i fe ted ells ould e as i ed to i hi ito  i du ed effe ts. Ho e e , i fe tio  of ells t eated ith  
µM utli - a i du ed a sig ifi a tl  i eased l ti  effe t o pa ed to u t eated ells. I  detail, 
p et eat e t of MB  ith  µM utli - a esulted i  a  additio al ell killi g effe t of  %,  % 
a d  % he  ells e e i fe ted ith  MOI,  MOI a d  MOI of XVi -N- , espe ti el .  

Ne t, e a al zed the i al epli atio  upo  i hi ito  t eat e t figu e .  B . Qua tifi atio  of 
i al fi e  DNA e ealed a  i p o ed i al epli atio  of XVi -N-  a d WtAd upo  i hi ito  t eat e t. 

XVi -N-  epli atio  as sig ifi a tl  i p o ed upo  t eat e t ith  µM utli - a, µM PD-
 a d a o i atio  of oth o pa ed to u t eated o t ol. Repli atio  of WtAd as also 

i eased upo  i hi ito  t eat e t, et ot sig ifi a tl . Ne t, e e e i te ested i  t a sge e 
e p essio  a d i al pa ti le fo atio  upo  i hi ito  t eat e t. He e, e fo used o  the effe ts of 

utli - a a d fou d that utli - a t eat e t lea l  i eased the e p essio  of the HA-tagged 
s F aPD-L  a ti od  at  hou s a d  hou s afte  i fe tio  figu e .  C . Ho e e , utli - a had 

o effe t o  i al pa ti le fo atio  figu e .  D . 
These esults e eal that utli - a i du es a e ha is  hi h i p o es ade o i al epli atio , 

p otei  e p essio  a d ell l sis i  MB  ells.  
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Figu e . : Nutli - a i p o es i othe apeuti  effe ts of YB-  ased ade o i uses i  MB  ells. A 
Cells e e p et eated ith i di ated o e t atio s of i hi ito s a d i fe ted ith a ious 
MOIs of XVi -N-  at  hou s afte  t eat e t. At  hou s afte  i fe tio , ells e e fi ed 
a d stai ed ith SRB a d the ell killi g effe t as easu ed  SRB a so a e. B Fo  

ua tifi atio  of i al epli atio , p et eated a d u t eated MB  ells e e i fe ted ith 
 MOI of XVi -N- . At ,  a d  hou s afte  i fe tio  the fi e  DNA o te t as 

ua tified  PCR a d o alized to the  hou  alue. A ti  a d GAPDH se ed as 
efe e e ge es. C P et eated a d u t eated MB  ells e e i fe ted ith  MOI of 

XVi -N- -s F aPD-L . At  a d  hou s afte  i fe tio , ells e e l sed a d e p essio  
of the s F aPD-L  a ti od  as a al zed  i u o lotti g. D Nutli - a t eated o  
u t eated ells e e i fe ted ith  MOI of i di ated i uses. At  hou s afte  i fe tio , 
ells a d supe ata t e e a al zed fo  i al pa ti le fo atio   pe fo i g a he o  

tite  test *p≤ . , **p< . , ***p< . . I fe ted, t eated alues e e a al zed agai st 
o espo di g i fe ted, u t eated sa ples.  
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Withi  a othe  p oje t i  ou  la , the effe ts of utli - a i  o i atio  ith XVi -N-  i  hu a  
ladde  a e  ell li es e e i estigated. It as fou d that utli - a ould i p o e i al epli atio  

a d that the utli - a i du ed E F  a d pR  do egulatio  e e i ol ed i  the u de l i g 
e ha is . Fu the  e pe i e ts ithi  this p oje t sho ed that the epli atio  of XVi -N- /E F  
hi h is utated i  oth E F  i di g sites of its E ea l  p o ote  as i p o ed o pa ed to XVi -

N-  a d that this ould e fu the  i eased upo  E F  do egulatio . This fi di g i di ated that 
E F  ight ha e a ep essi e ole o  the ade o i al E ea l  p o ote  hi h o t asts ith the 
o o  ie  of E F  as a  a ti ato  of the E ea l  p o ote . The efo e, e i estigated if this is also 

t ue fo  the u i e MB  ells. Ho e e , ua tifi atio  of i al epli atio  sho ed that XVi -N-
/E F  epli ates e e  less tha  XVi -N-  although utli - a t eat e t i p o ed the epli atio  of 

oth i uses figu e . . Based o  this esult, a fi al o lusio  a out the u de l i g e ha is  is 
ot possi le a d fu the  e pe i e ts a e eeded. 

 

 

Figu e . : XVi -N- /E F  a el  epli ates i  MB  ells. MB  ells e e t eated ith  µM 
utli - a o  left u t eated. At  hou s afte  t eat e t, ells e e i fe ted ith  MOI 

of i di ated i uses. Cells e e ha ested at  a d  hou s afte  i fe tio . The fi e  DNA 
o te t as ua tified  PCR a d o alized to the -hou  alue. A ti  a d GAPDH 

se ed as efe e e ge es. *p≤ . . I fe ted, t eated alues e e a al zed agai st 
o espo di g i fe ted, u t eated sa ples. 

 

 

3.5 The ult asou d guided o thotopi  ouse odel fo  ladde  a e   

I  o de  to e te t ou  in vitro data, e esta lished the ult asou d guided o thotopi  ouse odel fo  
ladde  a e . This odel as de eloped at the P ostate Ca e  Ce te  i  Va ou e , Ca ada. It allo s 

i je tio  of tu o  ells i to the la i a p op ia of the ladde  ithout su gi al i pla tatio  a d fo s 
i asi e ladde  tu o s Jäge  et al. .  
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3.5.1 Esta lish e t of a s ge ei  a d a e og aft o thotopi  ouse odel 

fo  ladde  a e  

The o thotopi  ouse odel fo  ladde  a e  is ge e ated  i je ti g a e  ells i to the la i a 
p op ia of the ladde  hi h is alled i t a u al i je tio . We esta lished a s ge ei , 
i u o o pete t odel a d a e og aft odel. The e og aft odel a  e used to a al ze the 
o ol ti  effe t of i othe ap  he eas the s ge ei  ouse odel additio all  allo s the a al sis of 
the i u e sti ulato  effe t. 

To pe fo  the i t a u al i je tio s, e ge e ated a  a tifi ial spa e  i je ti g PBS i to the .  
 ladde  all figu e .  A - . The , the tu o  ells e e i je ted i to the p o i al pa t of the 

a tifi ial spa e. The efo e, the eedle as e ha ged  a eedle filled ith tu o  ells esuspe ded 
i  a Mat igel : PBS i tu e. The eedle as i se ted i to the ge e ated spa e a d  µl of the ell 
suspe sio  o tai i g the desi ed ell u e  e e i je ted figu e .  A , . Fi all , the eedle 

as eje ted, a d the ouse as e o e ed. Fo  the hole p o edu e i ludi g a esthesia, oughl   
to  i utes pe  ouse e e eeded.  

To esta lish the s ge ei  ouse odel i  C BL/ , e fi st dete i ed the ideal ell u e  of 
MB  ells fo  tu o  ell i je tio s figu e .  B, C, D . Usi g   MB  ells esulted i  tu o  
olu es of o e tha    at da   afte  i je tio . Si e e o se ed a e  agg essi e a d fast 

tu o  g o th hi h as ot suita le fo  t eat e t studies e tested lo e  ell u e s. I je tio  of 
  ells ea hed a tu o  olu e of  to   a d i je tio  of   ells esulted i  tu o  

olu es of  to   at da   afte  i je tio . I  ge e al, e had  % tu o  uptake a d e e a le 
to sho  the agg essi e ess a d the e t e e apid g o th eha io  of MB  hi h ade this odel 
e  diffi ult.  

Fo  esta lishi g the i u odefi ie t e og aft ouse odel, e used UMUC  ells i  Fo u/ u 
i e figu e .  E .   UMUC  ells e e i je ted hi h led to a  a e age tu o  olu e of  

 at da   afte  i je tio . The tu o  uptake ate as  % although o e tu o  did ot e eed 
the size of  . I  ge e al, the used ell u e  esulted i  tu o s ith app op iate g o th 

eha io  to appl  i t atu o al t eat e t.  
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Figu e . : The o thotopi , ult asou d guided ouse odel fo  ladde  a e . A The p o edu e fo  
the i t a u al i je tio s:  isualize the ladde  o  the ult asou d s ee ,  isualize 
the eedle a d i se t the eedle i to the ouse,  i je tio  of PBS to ge e ate a  
a tifi ial spa e,  i se t the eedle filled ith tu o  ells i  the a it , -  i je t ell 
suspe sio  i  the p o i al pa t of the PBS filled spa e. B Tu o  olu es of  i e ea i g 
s ge ei  tu o s at da   afte  i je tio  of   MB  ells. Tu o  g o th afte  
i je tio  of C   MB  ells a d D   MB  ells i  the s ge ei  ouse odel. 
E G o th of e og aft tu o s usi g   UMUC  ells i  i u odefi ie t i e. The 
tu o  olu e as dete i ed usi g D ult asou d easu e e t.  
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Figu e . : H&E stai ed se tio s of o thotopi  ladde  tu o s sho  i t a u al a d us le i asi e 
g o th. A Rep ese tati e se tio s of the s ge ei  tu o  odel sho ed us le i asi e 
g o th M  a d i filt atio  of i u e ells. B A ep ese tati e e og aft tu o  T  
sho ed the o e t lo atio  i  the la i a p op ia a d a slightl  h pe plasti  u otheliu  
U . C A i us t eated e og aft tu o  at da   afte  i je tio  e ealed e oti  a eas N  

as ell as us le i asi e tu o  g o th a o s a d aste isk .  
 

A 

B 

C 
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Afte  the i e e e sa ifi ed, the tu o s e e e a i ed o  H&E se tio s to de o st ate the o e t 
i t a u al i je tio  a d i asi e tu o  g o th. Figu e .  A sho s ep ese tati e se tio s of 
s ge ei , o thotopi  ladde  tu o s T  hi h g e  i  the la i a p op ia. Additio all , it sho s a 

ode ate u e  of i fla ato  ells like eut ophili  g a ulo tes, l pho tes a d a ophages 
hi h e e adja e t I  to o  i filt ati g a o  et ee  the tu o  ells T  as ell as i filt ati e 

g o th i to the tu i a us ula is M . H&E stai ed se tio s of the o thotopi all  i pla ted e og aft 
a i o a odel sho ed a  i ta t a d slightl  h pe plasti  u otheliu  U  o e i g the ladde  lu e  
L  a d tu o  ells T  lo ated i  the la i a p op ia figu e .  B . Fu the  o , e dete ted s all a eas 

of e osis N  a d apoptosis as ell as tu o  i filt atio  i  a o s  a d th ough aste isk  the tu i a 
us ula is i  a i us t eated tu o  figu e .  C .  

 

 

 

3.5.2 Ult asou d guided i othe ap  usi g XVi -N-  i  the o thotopi  

ladde  a e  odel  

Afte  i itial e pe i e ts i  hi h e defi ed a  app op iate ell u e  fo  the i je tio s, e applied 
ult asou d guided i t atu o al i othe ap  usi g XVi -N-  figu e .  A . Tu o  ea i g a i als 

e e a do ized i to t o g oups = -  pe  g oup  a d t eated ith XVi -N-  o  PBS e e  fou th 
da  fo  a total of th ee ti es. Esta lishi g this t eat e t app oa h sho ed the diffi ult  of hitti g the 
tu o  a d i je ti g e uall  i to the tu o . Majo  issues e e the i se tio  of the eedle i to the 
o pa t tu o  a d the i t atu o al positio . The e t al lo atio  of the eedle ithi  the tu o  a d 

a slo  a d a eful appli atio  e e i po ta t i  o de  to e su e a  opti al uptake of the i us  the 
tu o . Figu e .  B sho s ep ese tati e ult asou d i ages of the tu o  g o th - , the 
i t atu o al t eat e t  a d the e ai i g tu o  afte  i othe ap  . 

I  this fi st e pe i e t, e e e a le to sho  a sig ifi a t edu tio  of tu o  g o th i  the i us 
t eated g oup o pa ed to the PBS t eated o t ol g oup figu e .  C . O  da  , a i als t eated 

ith XVi -N-  sho ed a  a e age tu o  olu e of .   o pa ed to a  a e age tu o  olu e 
of .   i  PBS t eated a i als hi h is e ui ale t to a edu tio  i  tu o  size of  %. Fo  hu a  
easo s due to e essi e tu o  u de , i e out of te  a i als had to e sa ifi ed o  da   a d 
ould ot e o ito ed u til the e d of the pla ed follo -up. Ho e e , o e a i al sho ed a  al ost 
o plete espo se to XVi -N-  ased i othe ap  figu e .  D . This ouse had a tu o  size of  

 at t eat e t sta t hi h i eased up to   du i g the ap .  da s afte  the last i us 
i je tio , the tu o  size sh a k to a size of  .  
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Figu e . : Fo  figu e lege d see e t page.  
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Figu e . : Ult asou d guided i othe ap  usi g XVi -N- . A Ti e ta le fo  the in vivo e pe i e t. 
Nude i e e e i je ted ith   UMUC  ells. Tu o s e e t eated ith  i al 
pa ti les o  da  ,  a d . Mi e e e o ito ed t i e a eek u til sa ifi e. B 
Ult asou d guided i t atu o al i je tio s. : Health  ladde , - : G o th of ladde  
tu o  ,  a d  da s afte  i je tio s, : I t atu o al i us i je tio , : Re ai i g tu o  
afte  i othe ap  d . C The tu o  g o th of i us t eated a i als o pa ed to PBS 
t eated a i als = -  pe  g oup . The tu o  olu e as easu ed  D ult asou d 
i agi g. E o  a s i di ate S.E. a d *p≤ .  D Redu tio  of tu o  olu e afte  

i othe ap . E H&E stai i g of a e ai i g e og aft tu o  T  afte  i othe ap .  
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4 Dis ussio  

4.1 Ge e atio  a d p odu tio  of the o el i us XVi -N- -aPD-L   

I  ge e al, e o i a t ade o i uses a  e ge e ated  ho ologous e o i atio  o   lo i g 
usi g ultiple shuttle plas ids Cha tie  et al. ; G aha  u d P e e  . He e, e a ipulated 
the ade o i al ge o e  i teg ati g the t a sge e i to a seg e t of the WtAd E  egio  a d lo i g 
it i to the a k o e of XVi -N-  ia se e al shuttle plas ids. Withi  the ade o i al ge o e the e a e 
egio s like the E  ge e hi h a e ot e essa  fo  ade o i al epli atio  a d pa kagi g. These 
egio s a e ofte  deleted a d a e used fo  i teg atio  of la ge t a sge es. E e  u deleted WtAd a  

keep t a sge es ith a size of up to  p. This is a o di g to the o o  ule that the e is a 
o st ai t of DNA a ou t hi h is  % of the  p o p isi g WtAd ge o e that a  e pa ked 

i to i io s Suga a  B.J. et al. . Vi uses ith ge o e sizes e eedi g this li itatio  a e diffi ult 
to p odu e a d e  u sta le Bett et al. . He e, e used XVi -N-  hi h has a size of  p 
a d i teg ated the Wt E  egio  i ludi g the aPD-L  o  F  e odi g t a sge e. Altogethe , the e l  
ge e ated i uses XVi -N- s F aPD-L  a d XVi -N- -FLaPD-L  had a size of  p a d  p, 
espe ti el , a d XVi -N- -F  o p ised  p. This is i  o se sus ith the ule f o  Bett et al. 

a d should ot i flue e i us p odu tio  a d i al tite s Bett et al. . We e e a le to p odu e 
the e l  lo ed i uses usi g HEK  ells, ho e e , the i al tite s e e lo e  fo  XVi -N- -
s F aPD-L  a d XVi -N- -FLaPD-L  o pa ed to XVi -N- . It is k o  that the size of t a sge es as 

ell as the p otei  the  e ode fo  a  i flue e ade o i al pa kagi g. A d a e e t pu li atio  
sho ed that also the lo atio  of the t a sge e is i flue i g i al tite s a d that espe iall  the 
t a sge e i teg atio  i to the E  egio  a  ha e a  i flue e o  the tite  Suzuki et al. . We 
assu e that the size of the a-PD-L  t a sge e a d its lo atio  athe  tha  the p otei  it e odes aused 
a lo e  tite  of XVi -N- -FLaPD-L  a d XVi -N- -s F aPD-L  o pa ed to XVi -N- . The tite  of XVi -
N- -F  as o al hi h ight i di ate that t a sge e size is i deed u ial.  

 

 

4.2 Cha a te izatio  of XVi -N- -aPD-L  i  UMUC  

Afte  lo i g a d p odu tio  of XVi -N- -s F aPD-L  a d XVi -N- -FLaPD-L , e ha a te ized the 
i uses ega di g thei  i othe apeuti  effe ts i  UMUC  ells.  

A al sis of i al epli atio  e ealed o pa a le alues fo  XVi -N- -s F aPD-L , XVi -N- -FLaPD-
L  a d XVi -N-  sho i g that the i teg ated t a sge es did ot affe t epli ati e a ti it . I  ge e al, 
alues of XVi -N- - ased i uses e e a out -fold lo e  tha  alues of WtAd. This is ithi  ou  

i te al la  sta da ds a d a  e att i uted to the E A S deletio  of XVi -N- .  
Fu the  o , i estigatio  of the i al pote  sho ed a  o ol ti  effe t of XVi -N- -s F aPD-L  

a d XVi -N- -FLaPD-L . He e, e o se ed a slight t e d i di ati g a highe  ell killi g effe t of XVi -
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N- -s F aPD-L  a d XVi -N- -FLaPD-L  o pa ed to XVi -N- . This fi di g ight e due to the 
deletio  of ADP i  XVi -N- . ADP i du es effi ie t ell l sis i  the late stages of i fe tio  a d the e  
e su es the elease of i uses f o  i fe ted ells. I  keepi g ith these esults, it has ee  sho  

efo e that ADP deleted i uses i du e a slo e  ell l sis tha  i uses ith ild t pe ADP ithout 
affe ti g i al epli atio  Tollefso  et al. . Additio all , it is i po ta t to e tio  that slight tite  
a iatio s a  i flue e in vitro e pe i e ts a d espe iall  the ell killi g assa  is e  sus epti le i  

this poi t.  
Fu the  o , e i estigated the a ti od  s thesis of XVi -N- -s F aPD-L . We sho ed a  effi ie t 

s thesis of the HA tagged s F aPD-L  a ti od  sta ti g at  hou s afte  i fe tio  a d a su se ue t 
se etio  of the a ti od  hi h as dete ta le as ea l  as  hou s afte  i fe tio . We i teg ated the 
t a sge e i to the E  egio  a d its t a s iptio  is o t olled  the E  p o ote  hi h is k o  to 

e a ti ate a out  hou s afte  i fe tio  leadi g to dete ta le E  p otei s, e.g. ADP at  hou s afte  
i fe tio  Bauzo  et al. ; Ha ki s u d He isto  . The efo e, ou  esults a e i  a o da e 

ith the a ti it  of the E  p o ote  a d the e p essio  of E  ge e p odu ts Bauzo  et al. . 
Fu the  o , ou  data a e o pa a le ith a si ila  i o-i u othe apeuti  app oa h sho i g 
se etio  of a  a ti-CTLA-  a ti od  hi h as also i teg ated i to the E  egio  at  hou s afte  
i fe tio  Dias et al. .  

Additio all , e sho ed the e og itio  a d i di g of the s F aPD-L  a ti od  to PD-L   
i u op e ipitatio . If this auses a fu tio al lo kade of the PD-L /PD-  a is esulti g i  ele ated 
IFN  le els, IL-  p odu tio  a d a ti atio  of i u e ells has to e fu the  i estigated  ell ased 

lo ki g assa s Bla k et al. ; Pe g et al. ; Sa a ed et al. . 
Se e al in vivo a d in vitro e pe i e ts sho ed the st o g l ti  a d epli ati e pote tial of XVi -N-

 i  glio a ells Rog o i et al. ; Kosto a et al. ; Ma t ill et al. . He e, e 
de o st ated fo  the fi st ti e the i othe apeuti  effe ts of XVi -N- , XVi -N- -s F aPD-L  a d 
XVi -N- -FLaPD-L  i  the ladde  a e  ell li e UMUC . 

 

 

4.3 The atte pt to de elop a o ultu e assa  fo  easu i g fu tio al PD-L  
lo kade  

Re e t pu li atio s sho ed that lo ki g the PD- /PD-L  a is led to ele ated e p essio  of IFN  Bla k 
et al. ; Pe g et al. ; Sa a ed et al. . These fi di gs i spi ed us to de elop a  in vitro 
assa  to p oof the fu tio al lo kade of PD-L . I  all ou  e pe i e ts, i al i fe tio  led to tite  
depe de t ele atio  of IFN  le els hi h ould e e ha ed  addi g additio al a ti-PD-L  a ti od . 
Ho e e , despite a  atte pts a d diffe e t o ditio s, e e e ot a le to ge e ate a sta le 
e pe i e tal setup to elia l  ep odu e ou  esults. The e a e se e al aspe ts hi h a  e plai  ou  
o se atio s:  

I  ou  e pe i e ts, e o ultu ed PBMCs de i ed f o  olleagues ith the esta lished ladde  
a e  ell li e UMUC  dis ega di g HLA e ifi atio  a d at hi g. Fu the o e, e used e  PBMCs 

fo  e e  e pe i e t a d thus the e ight ha e ee  a iatio s i  a ti it  a d sti ulatio  status of 
these ells.  
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Mo eo e , it is k o  that ade o i uses i du e a st o g i u e ea tio  hi h is also 
ha a te ized  IFN  p odu tio  S hage  et al. . I  this poi t a  aspe ts a  i flue e the 
ead out: Fi st, the epli ati e eha io  hi h diffe s -fold et ee  XVi -N-  a d WtAd has to e 
o side ed. Se o d, the ge eti  diffe e es of XVi -N- -s F aPD-L , XVi -N-  a d WtAd a  lead to 
a iatio s i  IFN  sti ulatio  aki g a o pa iso  of these i uses diffi ult. A d thi d, taki g the IC  
alues, the epli ati e pote tial a d the ell killi g effe t of the i uses i to a ou t, e had to use 
a i g i us o e t atio s a d P:I atios hi h ight ha e additio all  i flue ed the IFN  espo se.  

To o tai  elia le esults i  the futu e, it ight e e essa  to use tu o  ells a d PBMCs f o  the 
sa e do o . Alte ati el , it ould e o th t i g to use the ell f ee supe ata t of i fe ted tu o  
ells to sti ulate PBMCs f o  patie ts a d health  do o s Dias et al. .  

 

 

4.4 T a slatio al aspe ts of i o-i u othe ap  usi g XVi -N- -aPD-L   

The e e t li i al su ess a d the ultitude of li i al t ials usi g o ol ti  the ap  de o st ate that 
i othe ap  is a out to e o e a  i teg ati e pa t of i u e the ap  fo  a e  t eat e t. Si e the 

fi st studies o  e o i a t o ol ti  i uses, li i al esea h has i eased sho i g e elle t 
tole a ilit  a d safet  of o ol ti  i uses, e e  at highest feasi le doses. Additio all , i us 
t a s issio  ausi g i al sp ead has ot et ee  see  a d i e ia afte  s ste i  i je tio  is u likel  
a d has e e  ee  epo ted hi h is e plai ed  the fast lea a e of i uses  the li e , splee  a d 
se u  fa to s Liu et al. .  

O ol ti  i uses e e i itiall  de eloped ith the ai  to i du e high i fe tio  ates a d assi e 
tu o  ell l sis to sho  the est effe t a d espo se. Latest esea h has sho  that the i u e 
sti ulato  effe t of i othe ap  as u de esti ated ut is i e ita le a d e t al fo  a s ste i  a d 
lo g lasti g i u e espo se Za a i  et al. ; A dt a ka et al. . Ho e e , i u e es ape 

e ha is s ep ese t li itatio s a d thei  e te t i flue es su ess o  failu e of o ol ti  the ap . 
ICB, e.g. agai st the PD- /PD-L  a is, ep ese ts a  i u othe apeuti  app oa h that has gai ed 

su ess i  the last ea s. Ne e theless, the espo se ates to PD-  lo kade as a si gle the ap  a e still 
li ited a d a  patie ts do ot espo d o  de elop esista e agai st it. This as see  he  patie ts 
la ked i t atu o al CD + T ells o  had lo  IFN  e p essio  a d thus sho ed edu ed PD-L /PD-  
e p essio  Ri as et al. ; Tu eh et al. ; Posto  et al. . It is h pothesized that li itatio s 
of oth the apies a  e o e o e  o i i g the t o st ategies a d the e e t the apeuti  su ess 
of i othe ap  togethe  ith a  a ti-PD-  ICB has o fi ed the pote tial of this i o-i u othe ap  
Ri as et al. ; Bou geois-Daig eault et al. . The atio al fo  this ell- o ki g o i atio  is 

the utual sti ulatio  a d the follo i g aspe ts a e i po ta t he  e plai i g i o-i u othe ap :  
It has ee  sho  that the i u e sti ulato  effe t of OVT is esse tial fo  a su essful a e  

t eat e t. Ho e e , this effe t is ofte  i hi ited  the i u e supp essi e tu o  e i o e t hi h 
a  e o e o e  elie i g T ell i hi itio   lo ki g egati e i u e he kpoi ts to e a le a 

st o g i u e a ti atio   o ol ti  i uses. Additio all , it is k o  that o ol ti  i uses ause a  
i ease i  i ulati g CD + a d CD + i u e ells, i du e IFN  e p essio  a d thus ha e the pote tial 
to e e se the li itatio s to PD- /PD-L  lo kade Ri as et al. . The e e t stud  f o  Ri as et al. 
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de o st ated that a lo al i je tio  of o ol ti  i uses o t i uted to a s ste i  a titu o  effe t 
Ri as et al. . This suppo ts the idea of a lo al ad i ist atio  of the i us di e tl  i to the tu o  

that a  affe t also dista t etastasis. Mo eo e , it has ee  sho  that o ol ti  i uses ha e the 
apa ilit  to oade  the spe t u  of eoa tige -di e ted CD + T- ell espo se o pa ed to PD-  ICB 
Wolle  et al. ; Wolle  et al. . This fi di g has to e put i  the o te t of pu li atio s sho i g 

a su i al ad a tage of patie ts ith isse se utatio s B o  et al. . A al zi g the patie ts 
f o  the stud  f o  Ri as et al. ega di g thei  eoa tige  di e ted i u e a ti it  ould i e sel  
o t i ute to a o p ehe si e u de sta di g of this p o isi g o i atio  Ri as et al. .  

A i g o ol ti  i uses ith i u e sti ulato  ole ules, e.g. IL  o  GM-CSF has ee  studied 
si e ea s ut the idea of i teg ati g a ti odies agai st i u e he kpoi ts i to the i al ge o e is 

uite e  a d the e a e o l  a fe  pu li atio s. I  , E gela d et al. pu lished a easles i us 
e odi g fo  a ti odies agai st CTLA-  a d PD-L . The  used full  i u o o pete t ouse odels 
a d sho ed that thei  i uses e e a le to i du e tu o  eg essio . Additio all , the  a al zed 
i u ologi al aspe ts a d fou d a  i ease of i filt ati g T ells a o pa ied  a edu tio  of 
egulato  T ells. Mo eo e , the  o pa ed i othe ap  ith s ste i  a ti-PD-L  the ap  a d lo al, 
i us ediated a ti-PD-L  e p essio  a d o tai ed si ila  esults E gela d et al. . Dias et al. 

pu lished a  o ol ti  ade o i us a ed ith a  a ti-CTLA-  a ti od . The  sho ed a sig ifi a t 
a titu o  a ti it  of thei  i us i  a  i u e defi ie t e og aft odel a d a i us ediated i ease 
i  IL-  a d IFN  p odu tio  i  patie t de i ed PBMCS Dias et al. .  

Ou  e  i us XVi -N- -aPD-L  as ha a te ized in vitro, ut so fa  e e e ot a le to test its 
i u ologi al effe ts in vivo. We thi k that the di e t o i atio  of PD-L  spe ifi  ICB a d o ol ti  
the ap  is a fu the  de elop e t i  the field of i o-i u othe ap . We h pothesize that the lo al 
ad i ist atio  i to the ladde  i u e ts lea a e of the i us, esults i  highe  a ti od  
o e t atio s ithi  the tu o  a d a  i p o ed a ti-tu o  espo se hile edu i g side effe ts a d 

s ste i  to i it  Az a  et al. . I  additio , e spe ulate that the diffusio  of a s F  a ti od  
ithi  the tu o  ight e ette  o pa ed to a la ge full-le gth a ti od . This uestio  as add essed 

i  a e e t pu li atio  i  hi h a FL aPD-L  a d a s F  aPD-L  a ti od  e to ized i  a a i ia i us 
e e o pa ed. Ho e e , the  ould ot see diffe e es i  the a titu o  effe ts of the t o o st u ts 

Klei pete  et al. . A fu the  i po ta t aspe t is that the PD- /PD-L  a is egulates the effe to  
phase of sti ulated T ells i  the pe iphe  a d that sig ali g is o e i po ta t i  late  phases of T 
ell a ti atio . The efo e, it is easo a le to e lusi el  i hi it PD-L  sig ali g at the side of i fe tio  
Pa doll . 

The i estigatio  of OVT fo used ai l  o  esista t patie ts o  e d stage a e  patie ts. Re e tl , 
a e  appli atio  of o ol ti  i uses as eoadju a t t eat e t has ee  pu lished a d o tai ed g eat 
esults Bou geois-Daig eault et al. . I  this stud , ouse odels ep ese ti g the highl  

agg essi e a d i u e sile t t iple- egati e east a e  e e used. The autho s sho ed that 
i othe ap  sti ulated the i u e s ste , ge e ated a tu o  spe ifi  e o  a d se sitized 
ef a to  tu o s to ICB afte  su ge . This pu li atio  de o st ates o e agai  the pe fe t at h of 
i othe ap  a d ICB a d gi es easo s to test o ol ti  i uses as a eoadju a t t eat e t optio . I  

the o te t of the p ese t o k, e a gue that testi g a eoadju a t i othe apeuti  app oa h fo  
MIBC is easo a le. Usi g o ol ti  i uses p io  to adi al ste to  ea l  i  the diag osis of MIBC 
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he  patie ts ha e a lo  disease u de  a d sta le i u e s ste  ight help to edu e elapsi g 
patie ts ith etastati  disease Bou geois-Daig eault et al. .   

 

 

4.5 Ge e ati g a s ge ei  i  vivo odel fo  ade o i al esea h  

Si e the i u e aspe t is pla i g a  i po ta t ole i  the the apeuti  espo se to o ol ti  i uses, 
the u de sta di g of i othe ap  ould e efit f o  the a aila ilit  of suita le, i u o o pete t 

ouse odels Ga l  et al. . The S ia  ha ste  odel has ee  used as a  in vivo s ste  to test 
ade o i us- ased the ap , although it allo s o l  est i ted ade o i al epli atio  a d i u ologi al 
eage ts a e li ited fo  this a i al s ste  Wold u d Toth ; Jia g et al. . O e possi ilit  to 

a al ze the o ol ti  as ell as the i u e sti ulato  effe t of ade o i us- ased the ap  is the 
hu a ized ouse odel. This odel is e  halle gi g a d o ple , its esta lish e t is ti e 
i te si e a d e pe i e ts a  a  due to diffe e es i  e g aft e t of the i u e s ste  Shultz et 
al. . S ge ei  ouse odels offe  a  alte ati e a d se e al s ste s ep ese ti g diffe e t 
tu o  e tities ade o a i o a, hepato a i o a, ladde  tu o  ha e ee  des i ed Ki  et al. 

; Dia o u et al. ; Che g et al. . To esta lish a s ge ei , o thotopi  tu o  odel fo  
ladde  a e , e tested if the u i e ladde  a e  ell li e MB  allo s ade o i al epli atio . 

 

 

4.5.1 I estigatio  of MB  ells fo  YB-  depe de t ade o i al esea h  

Ma  ouse ell li es a e o side ed defi ie t fo  ade o i al epli atio  Ga l  et al. . This fa t 
is ased o  data pu lished de ades ago hi h sho ed a li ited pe issi e ess fo  ade o i al 
epli atio  i  o al ouse tissue Gi s e g et al. ; Halldé  et al. . It is spe ulated that lo  

CAR e p essio  a d the defi ie  i  i al pa ti le fo atio  a e easo s, ut this has ot ee  lea l  
sho  To ko et al. ; You ghus a d et al. . I  o t ast, the e a e so e epo ts a out u i e 
tu o  ells, e.g. glio a ells, sho i g pe issi e ess fo  ade o i al epli atio  Jia g et al. ; 
Halldé  et al. . We i estigated if the u i e MB  ells allo  epli atio  of XVi -N-  a d fou d 
e  li ited epli atio  ates fo  oth XVi -N-  a d WtAd, he e  WtAd sho ed i  ge e al slightl  

highe  epli atio  alues. We also sho ed that MB  ells e e CAR egati e hi h is i  li e ith 
lite atu e To ko et al. . This a  e plai  the lo  epli atio  alues fo  WtAd, si e it uses CAR to 
e te  the ell. Ho e e , XVi -N-  uses its RGD otif fo  i fe tio  a d is the e  ostl  CAR 
i depe de t Rog o i et al. . Se e al a s to i p o e i al i fe tio  ates a e k o , e.g. 
pol e -e ha ed deli e , p et eat e t of i uses ith a p otei  t a sdu tio  do ai  fused to CAR 
o  ag etofe tio  Küh el et al. ; T esil ised et al. . We used ag etofe tio  to i p o e 
i fe tio  ates a d this i eased the epli atio  of WtAd ut did ot i flue e XVi -N-  epli atio  i  
MB  ells i di ati g that epli atio  of XVi -N-  see s to e i flue ed  othe  ellula  fa to s o  
sig ali g path a s. I  this o te t e also sho ed the YB-  positi it  of MB  ells.  
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To fu the  u de sta d a d e plai  these o se atio s, e looked at the o ol ti  apa it  of XVi -N-
 ased i uses i  MB  ells a d ould o se e a ell killi g effe t sta ti g at  to  MOI. I  

o te t of ou  epli atio  data, these esults see ed to e o t adi to  si e a  o ol ti  effe t is 
aused  a ti e i al epli atio . Additio all , e o se ed a e  o spi uous ha ge i  o pholog  

upo  ade o i al i fe tio  hi h as diffe e t to the k o  CPE. The efo e, e spe ulate that these 
o se atio s i di ate a to i it  i du ed ell killi g aused  too high i us o e t atio s i stead of 

ei g i du ed  a  o ol ti  effe t due to i al epli atio . All togethe  these data o fi  li ited 
a ti it  of XVi -N-  i  the u i e ladde  a e  ell li e MB  hi h ight e o ed to the st i t 
spe ies spe ifi it  of hu a  ade o i uses, the lo  i fe tio  ates a d possi l  also diffe e es i  YB-

 lo atio , egulatio  a d a ti atio  of the E  p o ote  Ro i so  et al. .  
I  o t ast to ou  fi di gs the e is a stud  sho i g i othe apeuti  a ti it  of thei  e o i a t 

ade o i us i  MB  ells. Ha  et al. ould sho  a  effi ie t e p essio  of E A a d thei  t a sge e 
although usi g uite lo  MOIs Ha  et al. . Based o  these data, it is o th testi g if the defi ie  
of XVi -N-  epli atio  i  MB  ells is due to its YB-  depe de .  

 

 

4.5.2 Co i i g o ol ti  i othe ap  a d utli - a i  MB  ells  

U pu lished data f o  ou  la  sho ed that i othe apeuti  effe ts of XVi -N-  a  e t e e dousl  
i p o ed upo  o i atio  ith ell le i hi ito s i  hu a  ladde  a e  ell li es. These fi di gs 
i lude e ha ed epli atio , ell l sis, i al pa ti le fo atio  a d p otei  e p essio . We e plai  
these fi di gs  h pothesizi g that the do egulatio  of E F  a d pR  pla  a ajo  ole i  the 
i p o ed i othe apeuti  effe ts i  hu a  ell li es. We p oposed a odel hi h as i es a ep essi e 
ole of E F  o  the E -ea l  p o ote  a ti atio  that a  e o e o e  E F  do egulatio  upo  

i hi ito  t eat e t leadi g to a full  a ti ated E  ea l  p o ote  a d a o se ue t st o g epli atio  
ate. This h pothesis ould e fu the  st e gthe ed  data sho i g a  i eased epli atio  of XVi -

N- /E F  o pa ed to XVi -N-  hi h i eased e e  o e upo  E F  do egulatio  i  hu a  
ells. 

The i te pla  et ee  E Fs, pR  a d E A is ot i  detail u de stood. E Fs a e t a s iptio  fa to s 
that a  e di ided i to a ti ati g E Fs E F  to  a d ep essi g E Fs E F  to  Att ooll et al. . 
The ade o i al E A p otei  is k o  to a ipulate the host ell le  ai tai i g ell ia ilit  a d 
i du i g S phase e t  hi h is a hie ed  i di g of E A to po ket p otei s like pR  a d p  
Ka z a ek et al. ; Seif ied et al. . It as lo g though that i di g of E A to pR  eleases 

E F  hi h tha  ediates ell ia ilit   i du i g DNA s thesis, DNA epai  a d ell p olife atio  
Heli  et al. ; Fattae  et al. . Ho e e , this e ha is  has ee  uestio ed  fi di gs 

sho i g that E A sele ti el  dis upts pR -E F  o ple es he e  lea i g pR -E F  i te a tio  sta le 
Seif ied et al. . These data halle ge the o o  k o ledge that E A eleases E F  to ediate 
ellula  ia ilit  a d the  st e gthe  ou  h pothesis that E F  has a ep essi e fu tio  o  the 

ade o i al E  ea l  p o ote  Bag hi et al. . 
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Withi  this p oje t, e a al zed if a o i ato ial app oa h usi g utli - a togethe  ith XVi -N-
 a  e a le YB-  ased ade o i al esea h i  MB  ells a d fu the  o , if the u de l i g 
e ha is  i  u i e ells is, as i  hu a  ells, E F  depe de t. We sho ed that utli - a e ha ed 

i al epli atio , t a sge e e p essio  a d also ell killi g apa it . Fu the  o , utli - a i du ed 
do egulatio  of pR  a d E F  a d aused a ell le a est i  G  hi h has ee  epo ted  a  
othe s i  a ious hu a , p  ild t pe ell li es Walsh et al. ; A osi i et al. ; Du et al. 

. I  o de  to sho  that the odel e de eloped fo  hu a  ells is also t ue i  a u i e 
a kg ou d, e easu ed the epli atio  of XVi -N- /E F  ut ould ot see a  i ease i  fi e  

DNA. This i di ated that a E F -pR  i depe de t egulatio  is espo si le fo  the up egulated 
i othe apeuti  effe ts i  MB . It is i agi a le, that YB-  pla s a e t al ole i  this ega d a d it is 

i po ta t to o side  the spe ies spe ifi it  of hu a  ade o i uses a d that the  ight eha e 
diffe e t i  u i e ells tha  i  hu a  ells. These diffe e es i  ade o i al egulatio  a  i lude 
a iatio s i  the E  ge e a ti atio  ia YB-  a d E F  a d also i  the i te pla  of E F/pR  a d E A.  

Although e e e a le to sho  a  up egulatio  i  i othe apeuti  effe ts upo  o i atio  ith 
utli - a, this effe t has to e fu the  i eased to i estigate XVi -N-  i  a s ge ei  in vivo odel. 

Highe  i fe tio  ates a e fo  su e o e fa to  that a  i p o e ade o i al epli atio . But to ause a 
t e e dous i ease i  epli atio  ates it is i e ita le to full  u de sta d the i ol ed e ha is s i  
o de  to a u atel  a ipulate the . Fu the  i hi ito s ha e to e o i ed ith XVi -N-  to 
i estigate if ou  fi di gs a e ep odu i le he  usi g diffe e t ell le i hi ito s. I  this ega d, e 

ega  to e aluate the CDK /  i hi ito  PD-  i  a o i ato ial app oa h. So fa , e sho ed 
e ha ed i al epli atio  upo  si gle t eat e t ith PD-  a d PD-  i  o i atio  

ith utli - a. The io he i al effe ts of PD-  o i ed ith utli - a ha e ee  e plo ed 
o l  o e sho i g a  e e  st o ge  i du tio  of G  a est a d E F  do egulatio  o pa ed to 
si gle t eat e t Pollut i, . The detailed effe ts a d e ha is s of this o i atio  a d thei  
ele a e i  ou  o te t e ai  to e e plo ed. 

Withi  this p oje t, it as ou  ai  to e a le ade o i al epli atio  i  a u i e ell li e i  o de  to 
ge e ate a s ge ei  ouse odel that allo s the i u ologi al ha a te izatio  of the o el i o-
i u othe ap  app oa h. With ou  in vitro fi di gs, e a e a out to u leash the li itatio s of YB-  

ased ade o i al epli atio  i  the u i e a e  ell li e MB .   
 

 

4.6 The ult asou d guided o thotopi  ladde  a e  ouse odel 

4.6.1 Esta lish e t of the ult asou d guided o thotopi  ladde  a e  

ouse odel  

I  this p oje t, e ha e esta lished the ult asou d guided o thotopi  ouse odel fo  ladde  a e . 
The efo e, a  i agi g statio  o sisti g of a  i agi g platfo  a d a highl  p e ise ou ti g fo  the 

eedle a e eeded. I itiall  e t ied to uild the eedle ou ti g o  ou  o  usi g a photo t ipod a d 
a self- ade o st u tio  to fi  the eedle. Ho e e , se e al atte pts sho ed the e o ous se siti it  



    Dis ussio  

-  - 
 

a d p e iosit  that is eeded to hit the la i a p op ia of the ladde . The self- ade o st u tio  ould 
ot ithsta d these de a ds a d thus e de ided to use the p ofessio al ou ti g statio . Whe  

esta lishi g the odel, e ealized that the isoflu a e a esthesia aused a ladde  e pt i g hi h 
had the o se ue e that the ladde  as e  o a le a d fle i le a d i t a u al i je tio s e e 

ot feasi le. The efo e, e had to athete ize e e  ladde . We figu ed out that a  MMF a esthesia 
did ot i du e a ladde  e pt i g a d e e e a le to i je t o e ouse i  oughl   i utes. We 
a e o i ed that this huge ti e fa to  a  e sig ifi a tl  de eased  i te si e p a ti i g.  

I  the o igi al pu li atio  f o  Jäge  et al. , i t a u al i je tio s e e pe fo ed u de  
isoflu a e a esthesia a d the  eeded a  a e age ti e of  to  i utes pe  ouse. He e, the lo g 
e pe ie e a d a pe fe tl  o ga ized ouse fa ilit  ha e to e o side ed he  o pa i g ith ou  
data.  

Afte  e ha e esta lished the e pe i e tal setup, e ega  to ge e ate the e og aft odel usi g 
UMUC  ells o  the o e ha d a d the s ge ei  ouse odel usi g MB  ells o  the othe  ha d. 
Fo  the s ge ei  ouse odel, e t ied a ious o e t atio s of MB  ells. We had a tu o  uptake 
of  %, ho e e , the tested ell u e s e e too high a d led to a  u o t olled a d e t e e fast 
tu o  g o th. E e  ith as little as   MB  ells, i e de eloped tu o s ith a  a e age size of 

  at da   afte  i je tio  sho i g the agg essi e ess of this ell li e. Befo e usi g the s ge ei  
odel to stud  XVi -N-  ased i othe ap  i  the futu e, a  app op iate ell u e  leadi g to 

t eata le tu o s has to e fou d. Re e tl , this s ge ei , o thotopi  ladde  a e  ouse odel 
as pu lished fo  the fi st ti e sho i g that i je tio  of   MB  ells led to a o siste t tu o  

g o th a  Hoo e  et al. . 
Fo  the e og aft ouse odel, e used   UMUC  ells fo  the i je tio s hi h led to 

dete ta le tu o s o  da   i  all a i als  % tu o  uptake  a d a  a e age tu o  size of   
o  da  . Si e the e e e a iatio s i  tu o  g o th a d tu o  olu es ea hed the e pe i e tal 
e d poi t too fast, it ight e o th testi g lo e  ell o e t atio s i  o de  to get a o t olla le 
tu o  g o th  

 

 

4.6.2 The apeuti  effe t of XVi -N-  i  the ult asou d guided, o thotopi  

ladde  a e  ouse odel  

Withi  this p oje t, e e ealed the the apeuti  pote tial of XVi -N-  usi g the ult asou d guided 
o thotopi  ouse odel fo  ladde  a e . We ould sho  that XVi -N-  as a o othe ap  
sig ifi a tl  slo ed do  tu o  g o th i  this sophisti ated tu o  odel, although e used a 
elati el  s all u e  of a i als pe  g oup. A o plete tu o  eg essio  as ot a hie ed hi h is 

i  li e ith pu lished data de o st ati g the diffi ult  to o pletel  e adi ate tu o s i  
i u odefi ie t e og aft odels i  hi h the i u e espo se agai st the tu o  is ot p ese t. 
This as o fi ed i  e pe i e ts he e the a latio  of T ells i  a  i u o o pete t ouse odel 
sig ifi a tl  edu ed the effi a  of o ol sis T so e et al., ; Kleij  et al., . I  additio , si e 

u lea  YB-  is a p e e uisite fo  i al epli atio  of XVi -N- , o i atio  t eat e ts ith 
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he othe ap  o  adiatio  the ap  hi h t a slo ate YB-  i to the u leus a e a a ted a d a  help 
to fu the  i p o e the the apeuti  a ti it  Biele  et al., . 

 

 

4.7 Outlook 

I  this p oje t, e ega  to i estigate a i o-i u othe apeuti  app oa h fo  ladde  a e . 
The efo e, e ge e ated the o el i us XVi -N- -aPD-L  a d p o ided the asis fo  fu the  in vivo 
e pe i e ts. Ho e e , the ost ele a t a d i po ta t uestio s e ai  to e a s e ed. I  the 
futu e, e a t to add ess the i u ologi al aspe ts of this the ap . He ei , e pla  to a al ze a 

oad spe t u  a gi g f o  asi  uestio s like e p essio  le els of PD-L , IFN  a d E Fs p e-a d 
post-i fe tio  till a al sis of i filt ati g i u e ells a d thei  fu tio . Mo eo e , it is i po ta t to 
i estigate if i hi iti g PD- /PD-L  sig ali g a d the o se ue t a ti atio  of the i u e s ste  
e ai s the pote  of XVi -N- -aPD-L  Dias et al. . Fu the  o , e pla  to e aluate the 

i du tio  of a s ste i  a ti-tu o  i u e espo se that a  fight also dista t etastasis. This aspe t 
is of high li i al ele a e a d the ge e atio  of a s ste i  effe t hi h e a les the fo atio  of 

e o  T ells ight e the ke  to a lo g lasti g a ti-tu o  i u e espo se. The e , deleti g T ell 
su populatio s a  help to ide tif  i po ta t i u e ells a d u de sta d the u de l i g e ha is  
of this o el the apeuti  app oa h.  

I  o de  to a al ze the a o e e tio ed i u ologi al aspe ts of i othe ap  i  a  
i u o o pete t ouse odel, e ega  to i estigate YB-  ased ade o i al esea h i  u i e 
MB  ells. He ei , e fou d that utli - a i p o ed epli atio  of XVi -N-  a d that this effe t 
see s, i  o t ast to hu a  ells, i depe de t of E F  a d pR  do egulatio . Va ious aspe ts 
should e studied i  o de  to u o e  this e ha is  i  detail. He ei , it ould e i te esti g to 
a al ze the a ti atio  of the E  late p o ote   looki g at YB-  e p essio , ellula  lo alizatio  a d 
its u lea  t a slo atio . Fu the  o , e p essio  of E F  a d its i flue e o  E ea l  p o ote  ha e to 

e studied. Additio all , ased o  the pu li atio  f o  Lasha  et al. f o  , it ould e o th 
e aluati g the egulatio  of E F   YB-  a d thei  i flue e o  ade o i us epli atio  Lasha  et al. 

. Mo eo e , it is e essa  to e plo e the io he i al effe ts of utli - a as ell as the oles of 
li s, R  a d p  i  the o te t of XVi -N-  i  o de  to o e o e the st i t spe ies spe ifi it  of 

hu a  ade o i uses.  
Altogethe , the i o-i u othe apeuti  app oa h is a o el a d i o ati e st ateg  that is a out 

to e o e a  i teg ati e pa t of a e  the ap  a d offe s hope fo  a su essful t eat e t of ladde  
a e .  
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Affidavit  
 

I he e  de la e that the disse tatio  titled  
Esta lish e t of a  o thotopi  ladde  a e  ouse odel fo  the assess e t of a o el YB-  ased 

i o-i u othe ap  in vivo  
p epa ed u de  the guida e a d supe isio  of  
PD D . Pe  So e Hol       at the Depa t e t of U olog   
a d su itted to the deg ee-a a di g i stitutio  of Medi i e at the Te h i al U i e sit  Mu i h is  
o , o igi al o k u de take  i  pa tial fulfill e t of the e ui e e ts of the do to al deg ee. I ha e 

ade o use of sou es, ate ials o  assista e othe  tha  those spe ified i  §  a d , lause .  
[ X ]  I ha e ot e plo ed the se i e of a  o ga izatio  that p o ides disse tatio  supe iso s i  etu  
fo  pa e t o  that fulfills, i  hole o  i  pa t, the o ligatio s i u e t o  e i  o e tio  ith  
disse tatio .  
[ X ] I ha e ot su itted the disse tatio , eithe  i  the p ese t o  i  a si ila  fo , as pa t of a othe  
e a i atio  p o ess.  
[   ] The o plete disse tatio  as pu lished i   
The deg ee- a a di g i stitutio   
has app o ed p io  pu li atio  of the disse tatio . 
[   ] I ha e ot et ee  a a ded the desi ed do to al deg ee o  ha e I failed the last possi le atte pt 
to o tai  the desi ed deg ee i  a p e ious do to al p og a . 
[   ] I ha e al ead  applied fo  ad issio  to a do to al p og a  at the s hool o  ollege of  
 

at u i e sit   
 su itti g the disse tatio  o  the topi   

 

ith the esult:  
I a  fa ilia  ith the pu li l  a aila le egulatio s of the A a d of Do to al Deg ees of TUM, §  
i alidatio  of do to al deg ee  a d §  e o atio  of do to al deg ee . I a  a a e of the 
o se ue es of filli g a false affida it.  

 

[ X ] I ag ee   [   ] I do ot ag ee  
That  pe so al data is sto ed i  the TUM alu i data ase.  
 

Mu i h, . .  

 


