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  ABSTRACT 
 
No ada s, liposo es pla  a  i po ta t ole i  the field of d ug deli e  si e the  a e 

io o pati le a d e satile a ie s. Thei  su fa e odifi atio  ith h d ophili  pol e s, usuall  
pol eth le e gl ol PEG , o fe s stealth  p ope ties, thus a oidi g the fast lea a e  the 
eti uloe dothelial s ste  a d the e  i easi g thei  i ulatio  half-life i  i o. I  su h a , 

passi e a u ulatio  i  the tu o  site, e ploiti g the e ha ed as ula  pe ea ilit  a d la k of 
l phati  d ai age EPR effe t [ ]  t pi all  fou d i  tu o  tissues, is fa ou ed.  
The p ese t o k ai ed at fo ulati g e  Supe  Stealth I u oliposo es SSILs , hi h should 

e oth sta le i  the loodst ea  a d a le to ea h sele ti el  the tu o  site. The e ha ed 
sta ilit  as a hie ed  usi g PEG de d o  ole ules o jugated to  o   ole ules of 
distea o lphosphatid letha ola i e DSPE  [ ]. This allo ed to i ease the h d opho i  
i te a tio s ith the phospholipid ila e  ith espe t to the lassi al PEG-si gle phospholipid 
de i ati es, thus a oidi g the pol e  deta h e t. A ti e ta geti g, i stead, as o tai ed  
o jugatio  of these PEG de d o -lipids de i ati es to a ta geti g oiet . I  this ase, the Fa ’ 
f ag e t, a tige - i di g  de i ed f o  T astuzu a  is used to ta get ith high affi it  HER-  
hu a  epide al g o th fa to  e epto  , hi h is o e e p essed o  the su fa e of e tai  

tu o  ells. Do o u i i , a  a ti eoplasti  d ug o o l  used i  the t eat e t of a ide a ge 
of a e s leukae ia, l pho a, a  t pes of a i o a a d soft tissue sa o as , as hose  
to e loaded i to these a o a ie s. Si e Do l®/Cael ®, do o u i i  stealth liposo al 
fo ulatio  o  the a ket, o tai s PEG kDa-DSPE, it as i itiall  de ided to fo ulate SSILs 
usi g as ell PEG kDa de d o -lipids de i ati es. P eli i a  i  it o a d i  i o e pe i e ts o  
supe  stealth liposo es SSL , =  o   DSPE , i ludi g eithe  % o  % ol of PEG kda- DSPE  
a d fo ulated ithout the ta geti g liga d, e ide ed a egati e t e d of sta ilit  ith the 
i ease of the h d opho i  a ho  PEG-DSPE > PEG-DSPE  > PEG-DSPE . This eha io  as 
o fi ed  i  i o pha a oki eti s si e stealth liposo es SL  p ese ted a p olo ged half-life 
t½ ~ h  o pa ed to supe  stealth liposo es SSL  t½ ~ h a d SSL  t½ ~ h , hi h e e 

eli i ated e e  faste  f o  the loodst ea  tha  aked liposo es t½ ~ h . Fo  this easo , it 
as de ided to fo ulate supe  stealth i u oliposo es usi g a highe  MW pol e , a el  

PEG kDa. PEG kDa- DSPE  a d Bo -NH-PEG kDa- DSPE  de i ati es e e su essfull  
s thesized, pu ified a d ha a te ized  H NMR spe t os op . The Fa ’ f ag e t of 
T astuzu a , hose  as ta geti g age t. Fu tio alizatio  of NH -PEG-phopsholipids de i ati es 

ith N- ß- alei idop op lo su i i ide este  BMPS  p o ided the est ields of 
o oPEG lated Fa ’- PEG kDa-DSPE, Fa ’-PEG kDa- DSPE  a d PEG kDa- DSPE , as e ide ed  

SDS-PAGE a al sis. Post-i se tio  of PEG-lipid s  de i ati es o /a d liga d- oupled PEG-lipid s  
de i ati es i to d ug-loaded p e-fo ed aked liposo es eithe  failed o  aused agg egatio  of 
the liposo al esi les. TEM a al sis e ide ed jagged a d dis o ti uous su fa es, justif i g the 
ph si al i sta ilit  of the fo ulated esi les.  
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Post-i se tio  of Fa ’-PEG de d o -lipids de i ati es o  do o u i i -loaded p e-fo ed stealth 
SL  a d supe  stealth liposo es SSL  to o tai  the o espo di g supe  stealth 

i u oliposo es SSIL  p o ided sta le a d ho oge eous SSIL  .  ± .   a d SIL 
.  ± .   ith lo  pol dispe sit  i de  PdI < . . Post-i se tio  of liga d- oupled PEG-

lipid s  de i ati es esulted i  .  µg Fa ’/µ ol HSPC fo  SIL a d .  µg Fa ’/µ ol HSPC fo  
SSIL . SSIL  fo ulatio  e ide ed p o le s of agg egatio  also ith this post-i se tio  app oa h. 
I  it o sta ilit  studies o e  ti e e ealed that afte   o ths of i u atio  at °C a d  °C all 
tested fo ulatio s e e still sta le a d ho oge eous PdI < . , p o i g the sta ilizi g effe t 
p o ided  PEG  ste i  hi d a e. At °C, i stead, all liposo al fo ulatio s sta ted to 
agg egate afte   da s, sho i g also i eased PdI > . . A o di g to d ug elease e pe i e ts 
do o u i i  as effi ie tl  e t apped i side the a o a ie  a d d ug leakage as ot o se ed 

ithi  the  h of i u atio  i  all tested fo ulatio s. P eli i a  i  it o toto i it  studies 
e e pe fo ed o  hu a  east du tal a i o a ell li e BT-  o e e p essi g HER- , 

e ide ed that SL-DXR ould ot edu e the ell ia ilit  elo  % afte  a  h-t eat e t ith 
 µM DXR, he eas oth SIL-DXR a d SSIL -DXR edu ed ell ia ilit  to a out % i  the sa e 

e pe i e tal o ditio s. P eli i a  IC  al ulatio  e ide ed that, at the tested o ditio s, all 
the do o u i i -loaded liposo al fo ulatio s possessed the sa e pote  i  i du i g ell 
death, he eas s all diffe e es e e o se ed taki g i to o side atio  the effi a  of ea h 
fo ulatio  SL-DXR < SIL-DXR < SSIL -DXR . I te esti gl , SSIL -DXR possessed the sa e effi a  
of f ee do o u i i . I  i o pha a oki eti  studies i  ats e ide ed the p olo ged half-life of 
SSIL  t½ = .  h  o pa e to SL t½ = .  h , o fi i g the sta ilizi g effe t of PEG de d o -
lipids de i ati es o e  PEG-DSPE. A o di gl , a edu tio  i  the lea a e ate of SSIL  ~ .  

l/h  as o se ed ith espe t to SL ~ .  l/h , esulti g i  i eased ioa aila ilit  AUC  a d 
dist i utio  olu e Vd , also o pa ed to all the othe  tested fo ulatio s. I  i o o ga  to i it  
e aluatio  afte  si gle dose ad i ist atio  of .  g/kg i  DXR e ide ed that the ge e 
e p essio  of the th ee p o-i fla ato  toki es i te leuki  β  IL- β , i te leuki   IL-  a d 
tu o  e osis fa to  α TNFα  as e ha ed i  ats t eated ith SL-DXR a d SIL-DXR, espe iall  
i  li e , splee  a d hea t tissues. Histologi al a al ses pe fo ed o  li e  a d splee  se tio s of 
ats t eated ith SL-DXR a d SIL-DXR sho ed e a ka le alte atio s g a ulo atous lesio s, 

apoptoti  odies, et . , he eas those t eated ith f ee DXR a d SSIL -DXR esulted ge e all  
health . Hea t, lu gs a d ai  did ’t sho  a  pathologi al alte atio  i  all the g oups of ats 
e a i ed.  
O e all, SSIL  p o ed to e the est a d safest fo ulatio  oth i  te s of pha a oki eti  
p ofile, toki es e p essio  a d histologi al a al sis of RES o ga s, thus ep ese ti g a p o isi g 
s ste  to i p o e o e tio al a e  the ap   e ha i g d ug deli e  a d a titu o  
effi a . 

 

 



 

  

 RIASSUNTO 
 

Attual e te, i liposo i i esto o u  uolo i po ta te el a po del d ug deli e  pe  la lo o 
io o pati ilità e e satilità. La odifi a della supe fi ie liposo iale o  poli e i id ofili i, 

ge e al e te polietile gli ole PEG , o fe is e p op ietà stealth  o se te do di e ita e la 
apida eli i azio e da pa te del siste a eti oloe doteliale, au e ta do osì il te po di e i ita 

i  i o. I  uesto odo,  fa o ito l’a u ulo passi o el sito tu o ale, sf utta do l’au e tata 
pe ea ilità as ola e e il idotto d e aggio li fati o effetto EPR [ ]  tipi i dei tessuti tu o ali. Il 
p ese te la o o  i ato alla fo ulazio e di uo i i u oliposo i supe  stealth SSILs  dotati 
sia di aggio e sta ilità el i olo sa guig o sia di u  ta geti g seletti o al sito tu o ale. 
L’au e tata sta ilità  stata otte uta edia te l’uso di ole ole di PEG de d o e o iugate a  
o  ole ole di distea oilfosfoeta ola i a DSPE  [ ]. Questo ha o se tito di au e ta e le 
i te azio i id ofo i he o  il doppio st ato fosfolipidi o ispetto al lassi o de i ato PEG-
fosfolipide ed e ita e il dista o del poli e o du a te il i olo e ati o. Il ta geti g atti o, i e e, 

 stato otte uto edia te o iugazio e di uesti de i ati PEG de d o e-lipidi ad u  age te di 
ta geti g. I  uesto aso, il Fa ’ f ag e t, a tige - i di g  del T astuzu a  he ha u a ele ata 
affi ità e so il e etto e HER-  hu a  epide al g o th fa to  e epto  , so aesp esso sulla 
supe fi ie di al u e ellule tu o ali. La do o u i i a, age te a ti eoplasti o o u e e te 
utilizzato el t atta e to di u a g a de a ietà di tu o i lu e ie, li fo i, a i tipi di a i o a 
e sa o i ,  stata s elta pe  esse e i apsulata all’i te o di uesti a o a ie s. Dal o e to 
he Do l®/Cael ®, fo ulazio e liposo iale stealth o te e te do o u i i a p ese te i  
o e io, o tie e PEG kDa-DSPE,  stato i izial e te de iso di fo ula e gli SSILs usa do dei 

de i ati PEG kDa-de d o e-lipidi. Studi p eli i a i i  it o e i  i o effettuati su liposo i supe  
stealth SSL , =  o  DSPE  o te e ti il % o % ol di PEG kda- DSPE  e p i i di age te di 
ta geti g, ha o e ide ziato u  t e d egati o di sta ilità all’au e ta e dell’a o aggio 
id ofo i o PEG-DSPE > PEG-DSPE  > PEG-DSPE . Questo o po ta e to  stato o fe ato 
dagli studi di fa a o i eti a i  i o poi h  i liposo i stealth SL  p ese ta a o u ’e i ita 
p olu gata t½ ~ h  ispetto ai liposo i supe  stealth SSL  t½ ~ h e SSL  t½ ~ h , i uali e i a o 
eli i ati dal i olo sa guig o a he più apida e te dei liposo i o e zio ali t½ ~ h . Pe  

uesto oti o  stato de iso di fo ula e gli i u oliposo i supe  stealth usa do u  poli e o 
a aggio  peso ole ola e PEG kDa .  
I de i ati PEG kDa- DSPE  e Bo -NH-PEG kDa- DSPE  so o stati si tetizzati, pu ifi ati e 
a atte izzati o  su esso edia te spett os opia H NMR. La fu zio alizzazio e dei de i ati 

H N-PEG-lipidi o  il oss-li ke  BMPS este e N- ß- alei idop opilossi su i i ide  ha fo ito 
ese iglio i otte e do i o oPEGhilati Fa ’-PEG kDa-DSPE, Fa ’-PEG kDa- DSPE  a d PEG kDa-
DSPE , o e di ost ato dalla a atte izzazio e edia te SDS-PAGE. La post-i se tio  dei 

de i ati PEG- DSPE  e/o Fa ’-PEG- DSPE  i  liposo i o e zio ali p efo ati o te e ti il 
fa a o o   a e uta o  su esso o ha po tato all’agg egazio e delle es i ole liposo iali.  



RIASSUNTO 
 

  

Le i agi i a uisite edia te TEM ha o e ide ziato supe fi i dis o ti ue, oti a do 
l’i sta ilità delle es i ole fo ulate. La post-i se tio  dei de i ati Fa ’-PEG de d o e-lipidi su 
liposo i stealth SL  e supe  stealth SSL  p efo ati o te e ti do o u i i a, pe  otte e e i 
o ispo de ti i u oliposo i supe  stealth SSIL , ha fo ito fo ulazio i sta ili ed o oge ee 

di SSIL  .  ± .   e SIL .  ± .   o  asso i di e di polidispe si ità PdI < . . 
La post-i se tio   isultata i  .  µg Fa ’/µ ol HSPC egli SIL e .  µg Fa ’/µ ol HSPC egli 
SSIL . La fo ulazio e SSIL  ha ipo tato p o le i di agg egazio e a he o  uest’ulti o 
app o io di post-i se tio . Studi di sta ilità i  it o a lu go te i e ha o e ide ziato he le 
tutte le fo ulazio i testate e a o sta ili ed o oge ee PdI < .  dopo  esi di i u azio e a 

°C e °C, di ost a do l’effetto sta ilizza te del PEG he p e ie e l’agg egazio e pe  i go o 
ste i o. I u a do a °C, i e e, le fo ulazio i i izia a o ad agg ega e dopo  gio i, 

ost a do a he u  au e to della polidispe si ità PdI > . . Studi di ilas io i  it o ha o 
o fe ato he tutte le fo ulazio i testate so o i  g ado di t atte e e effi a e e te la 

do o u i i a i apsulata, la uale o  ie e ilas iata du a te le  o e di i u azio e. Studi 
p eli i a i i  it o di itotossi ità, eseguiti su ellule u a e di a i o a a a io BT-  he 
so aesp i o o HER- , ha o di ost ato he SL-DXR o  so o i  g ado di idu e la italità 
ellula e al di sotto del % dopo u  t atta e to di  o e o  DXR  µM, e t e isulta idotta 

al % dopo t atta e to o  SIL-DXR e SSIL -DXR elle stesse o dizio i spe i e tali. U  al olo 
p eli i a e dell’IC  ha di ost ato he tutte le fo ulazio i liposo iali possiedo o la stessa 
pote za ell’i du e la o te ellula e, e t e i i e diffe e ze so o state osse ate 
p e de do i  o side azio e l’effi a ia di ias u a fo ulazio e SL-DXR < SIL-DXR < SSIL -DXR . 
È i te essa te ota e he SSIL -DXR di ost a o la stessa effi a ia della DXR li e a. Studi di 
fa a o i eti a i  i o ha o e ide ziato la p olu gata e i ita di SSIL  t½ = .  h , 
o fe a do l’effetto sta ilizza te dei de i ati PEG de d o e-lipidi ispetto a PEG-DSPE. Di 
o segue za, u a iduzio e della lea a e plas ati a di SSIL  ~ .  l/h   stata osse ata 
ispetto a SL ~ .  l/h , o  au e to della iodispo i ilità AUC  e del olu e di iodist i uzio e 
Vd  ispetto alle alt e fo ulazio i testate. La alutazio e della tossi ità d’o ga o i  i o dopo 

u a si gola so i ist azio e di .  g/kg i  DXR ha esso i  e ide za he l’esp essio e ge i a 
delle t e ito hi e p oi fia ato ie i te leuki a β  IL- β , i te leuki a  IL-  e tu o  e osis 
fa to  α TNFα   au e tata ei atti t attati o  SL-DXR e SIL-DXR, spe ial e te el fegato, ella 

ilza e el uo e. L’a alisi istologi a effettuata su sezio i di tessuto di fegato e ilza di atti t attati 
o  SL-DXR e SIL-DXR ha di ost ato la p ese za di ote oli alte azio i patologi he lesio i 

g a ulo atose, o pi apoptoti i, e , e t e gli o ga i dei atti t attati o  DXR e SSIL -DXR so o 
isultati o plessi a e te sa i. Nel uo e, ei pol o i e el e ello o   stata e ide ziata 

al u a alte azio e patologi a i  tutti i g uppi di a i ali esa i ati. 
I  ge e ale, SSIL  so o e e si o e la fo ulazio e iglio e e più si u a i  te i i di p ofilo 
fa a o i eti o, esp essio e di ito hi e i fia ato ie e a alisi istologi a degli o ga i del 
siste a eti olo e doteliale RES , app ese ta do pe iò u  p o ette te siste a pe  iglio a e 
il ei ola e to di fa a i a titu o ali o e zio ali. 
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.  CANCER: A WORLDWIDE BURDEN 

Ca e  o e  the ea s has e o e a g o i g o ld ide pu li  health issue a d o ada s 
a o di g to the Wo ld Health O ga izatio  WHO  it is the se o d leadi g ause of death glo all . 
I   it as espo si le fo  .  illio  deaths, % of hi h o u i g i  lo - a d iddle-
i o e ou t ies [ ]. Ca e  t eat e t has also a g eat a d i easi g e o o i  i pa t, ith a 
total a ual e o o i  ost that i   as a ou ti g to US$ .  t illio  [ ]. 
The A e i a  Ca e  So iet  esti ates . ,  e  a e  ases a d ,  a e  deaths 
fo  the U ited States i  , ai l  due to east, p ostate, lu g, sto a h a d olo e tal 

alig a ies Figu e .  [ ]. 
 
 

 
Figu e . : Te  leadi g a e  t pes fo  the esti ated e  a e  ases a d deaths  se , U ited States, . 

 
Despite these t e ds of i ide e a d o talit , a o di g to the ost e e t e ie   the 
Natio al Ca e  I stitute NCI  [ ] the o e all a e  death ate i  the U ited States has 
fo tu atel  de li ed  . - . % pe  ea  si e the ea l  s. P og ess is the efo e ei g ade 
agai st the disease, though u h o e effo t is still e ui ed i  p e e tio  a d t eat e t.  
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Ca e  is a ge e i  te  used to defi e a la ge 
g oup of diseases i ol i g a  u egulated a d 
e essi e ell g o th eoplasia, i.e. e  g o th , 

hi h pe sist a d is u oo di ated ith that of the 
o al eigh o i g tissue a d it ight ha e the 

pote tial to i ade o  sp ead to othe  pa ts of the 
od  [ ]. This p o ess a  lead to the fo atio  of a 
ass o  a lu p, alled tu o , a d it a  e 

disti guished i  e ig  o  alig a t depe di g o  
the deg ee of diffe e tiatio , g o th ate a d 
i asi e ess. I  e ig  tu o s the eoplasti  ells a e 

ell diffe e tiated ese li g the tissue of o igi , 
thei  g o th is usuall  slo  a d, the efo e, the  
e ai  lo alized to the site i  hi h the  o igi ated. 

Malig a t tu o s, i stead, a e o pletel  
u diffe e tiated, thei  g o th is ge e all  faste , 
lo all  i asi e a d the  a ui e the apa ilit  of 
sp eadi g to othe  o ga s etastasis  th ough the 

lood o  the l ph s ste , ith high p o a ilit  of 
ausi g death Figu e .  [ ]. 

 

Figu e . : The etastati  as ade: the 
se ue tial steps i ol ed i  the he atoge ous 
sp ead of a tu o . 

 

 
Ca i oge esis is thus a ultistep p o ess Figu e .  esulti g f o  the a u ulatio  of ultiple 
ge eti  alte atio s DNA utatio s , sta ti g f o  a si gle o al ell, that o i ed gi e ise to 
the t a sfo ed phe ot pe a d all its asso iated featu es k o  as a e  hall a ks :  

• self-suffi ie  i  g o th sig als; 
• i se siti it  to g o th-i hi ito  sig als; 
• alte ed ellula  eta olis ; 
• e asio  of apoptosis p og a ed ell death ; 
• li itless epli ati e pote tial i o talit ; 
• sustai ed a gioge esis p o otio  of e  lood essels eatio ; 
• i asio  a d etastasis; 
• e asio  of i u e su eilla e. 
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Figu e . : De elop e t of a e  th ough step ise a u ulatio  of o ple e ta  d i e  utatio s. 

 
 
The isk fo  de elopi g a e  st o gl  depe ds o  the i te a tio s et ee  e i o e tal 
e posu es a d ge eti  a ia ts i he ited ge eti  defe ts . I deed, - % of a e  ases a e 
due to ge eti  utatio s f o  e te al fa to s, o t i uti g also to a e - elated death, like 
to a o - % , diet a d o esit  - % , i fe tio s - % , adiatio  % , al ohol 
o su ptio , st ess, la k of ph si al a ti it  a d pollutio  [ ]. Besides, agei g is a othe  

sig ifi a t fa to  affe ti g a e  f e ue  a d o talit , ith ost a e - elated deaths 
o u i g et ee   a d  ea s of age [ ]. 
 

.  FIGHTING CANCER: STRATEGIES AND THERAPIES 

P e e tio  a d ea l  dete tio  a e the fi st fu da e tal steps to oppose the i easi g a e  
i ide e a d o talit . Good oppo tu ities fo  i te e tio  ight a ise si e a o side a l  high 
pe e tage of tu o s – %  a  e p e e ted  edu i g o  a oidi g e i o e tal isk 
fa to s pa ag aph .  a d i ple e ti g e isti g e ide e- ased p e e tio  st ategies [ , , 

]. O e a e  is diag osed, though, diffe e t t eat e t optio s a e a aila le a o di g to the 
tu o  atu e t pe, lo atio , stage a d g ade . Solid a d lo alized p i a  tu o s a  e e o ed 

 su ge , ut this app oa h alo e a  ot e esoluti e a d adiothe ap  o  he othe ap  
ight e e ui ed, espe iall  i  p ese e of etastasis. Palliati e a e t eat e t is usuall  

o i ed to elie e a e -asso iated s pto s a d side effe ts, thus i p o i g the ualit  of 
life of patie ts. U fo tu atel , despite thei  high toto i  a ti it , ost of the lassi al a ti a e  
he othe apeuti s alk lati g age ts, a ti eta olites, a titu o  a ti ioti s, et .  a e e do ed 
ith se e al li itatio s: poo  ate  solu ilit , lo  the apeuti  i de , la k of sele ti it  to a ds 

a e  ells, apid d ug eta olis  a d d ug- esista e de elop e t [ ]. The efo e, the 
effe ti e ess of he othe ap  is so fa  li ited  its to i it  to othe  tissues i  the od  hi h 
leads to ha ful side effe ts. O  top of that, o side i g the a ia ilit  a d hete oge eit  of oth 
tu o s a d patie ts it ould e i possi le to eso t to a u i e sal t eat e t, so the e essit  of 

o e sele ti e a d ta geted app oa hes is a isi g. 
No ada s esea he s a e fo used o  de elopi g ta geted a e  the apies ased o  d ugs o  
othe  su sta es hi h a e a le to i te fe e ith a d lo k the g o th of tu o s tostati  
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effe t   i te a ti g ith spe ifi  ole ules, alled ole ula  ta gets , i ol ed i  the g o th 
a d p og essio  of a e  [ ]. These e tities a e usuall  p otei s hi h a e utated o  
o e e p essed o  the su fa e of a e  ells ut ot i  o al ells, p o idi g the possi ilit  to 
dis i i ate et ee  o al tissues a d tu o s.  
The Food a d D ug Ad i ist atio  FDA  has al ead  app o ed a  ta geted a e  the apies, 

he eas othe  a e u de  li i al a d p e li i al t ials. These app oa hes i lude: 

• ho o e the ap ; 
• ge e the ap ; 
• i u othe ap ; 
• a e  a i es; 
• o i atio  the ap  [ ]; 
• use of a ti od -d ug o jugates ADCs ; 
• desig  of i o ati e d ug deli e  s ste s DDSs . 

 

.  A FOCUS ON BREAST CANCER 

B east a e  is a disease i  hi h alig a t a e  ells de elop f o  east tissue. The ost 
o o  t pes o igi ate f o  the ells of the ilk du ts du tal a i o a  a d f o  the ells of 

the lo es o  lo ules lo ula  a i o a . Sig s of east a e  a  i lude lu ps, ha ges i  
east shape, di pli g of the ski , fluid o i g f o  the ipple, a e l  i e ted ipple, o  a ed 

o  s al  pat h of ski  [ ]. I  ase of etastasis the e a  e o e pai , s olle  l ph 
odes, sho t ess of eath o  ello  ski .  

The u e  of east a e  ases o ld ide has sig ifi a tl  i eased o e  the ea s, affe ti g 
ostl  o e  ut i  a s all pe e tage less tha  % of all ases [ ]  also ales. As epo ted 
 the WHO i  the Wo ld Ca e  Repo t  [ ], east a e  is so fa  the ost f e ue tl  

diag osed t pe of a e  a d ause of a e  death a o g o e , espo si le fo  .  illio  
e  ases % of all a e s i  o e  a d .  illio  a e  deaths % of all a e  deaths 

i  o e  i  . The iggest u de  is att i uta le to high-i o e ou t ies like este  
Eu ope a d No th A e i a, he e a out % of esti ated e  ases a d % of a e  deaths 
o u ed i  . Ho e e , e ause of the o i atio  of i p o ed dete tio , ea lie  diag osis 
th ough populatio - ased s ee i g  a d o e effe ti e t eat e t egi e s, east a e  

i ide e has ee  de li i g si e the late s o e  the past de ade. Co e sel , i  de elopi g 
ou t ies the i ide e is ge e all  isi g due to i eased life e pe ta , u a izatio  a d 

adoptio  of este  lifest les, as ell as east a e - elated deaths a e isi g e ause ost of 
ases a e diag osed i  e  late stages. 

Se e al isk fa to s ha e ee  do u e ted, e e  though fo  ost o e  suffe i g f o  east 
a e  it is ot possi le to ide tif  spe ifi  isk fa to s [ ]. The isk of de elopi g east a e  

fo  lo g-te  s oke s is i eased  % to % [ ]. Al ohol a use, dieta  fa to s o e eight 
a d o esit  a d ph si al i a ti it  a e espo si le fo  % of all east a e  deaths o ld ide 
[ ]. The NCI epo ted that othe  sig ifi a t isk fa to s a  e [ ]: 
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• a fa ilia  histo  of east a e  i  a fi st-deg ee elati e othe , daughte  o  siste ; 
• a pe so al histo  of eithe  e ig  o  alig a t east disease; 
• i he ited ge e utatio s BRCA , BRCA , p , et . ; 
• e posu e of east tissue to est oge  ade  the od  e st uati g at a  ea l  age, fi st 

i th at olde  age o  e e  ha i g gi e  i th, sta ti g e opause at a late  age ; 
• ho o e the ap ; 
• adiothe ap ; 
• agi g. 

E e  though so e ge eti  odifi atio s p o ide e ha ed isk fo  de elopi g east a e  su h 
as BRCA  o  BRCA , ge eti  sus epti ilit  i.e. i he ited ge e utatio s  pla s just a i o  ole 
a d a ou ts fo  o l  - % of all ases [ ]. 

Ea l  dete tio  is the ke  fa to  to i p o e east a e  out o es a d su i al [ ]. The 
s ee i g tests e plo ed i lude li i al a d east self- e a i atio s, a og aph , ge eti  
s ee i g, iops , ult asou d a d ag eti  eso a e i agi g. So fa , a og aph  s ee i g 
is the o l  ethod that has p o ed to e effi ie t, ut is e  ostl  a d ost-effe ti e, thus less 
feasi le i  iddle- a d lo -i o e ou t ies. Ho e e , the e a e also dis o da t opi io s ased 
o  the e ide e that s ee i g led to % o e diag osis a d o e t eat e t [ ].  

O e east a e  is diag osed, it is fu da e tal to assess the est t eat e t egi e  a o di g 
to the histopatholog  i os opi  e a i atio  of the tissue , g ade appea a e of a e  ells 
o pa ed to o al tissue , stage g o th a d sp ead  a d e epto  status p ese e of e tai  
e epto s o  the su fa e, toplas  a d u leus of a e  ells  of the tu o .  

B east a e  ells a  o  a  ot e p ess o  thei  su fa e th ee i po ta t e epto s: est oge  
e epto  ER , p ogeste o e e epto  PR  a d hu a  epide al g o th fa to  t pe  e epto  
HER . Upo  the i di g of he i al esse ge s, like ho o es, to these e epto s, a e  ells 
a  u de go to ha ges that affe t tu o  g o th a d sp ead. The efo e, ased o  the e epto  

status e a  disti guish diffe e t t pes of east a e s: ho o e e epto  positi e o  egati e 
high a d lo  le els of ER/PR, espe ti el ; HER  positi e o  egati e high a d lo  le els of HER , 
espe ti el ; t iple egati e lo  le els of oth est oge , p ogeste o e a d HER / eu e epto s . 

Cu e tl , the ai  the apies a aila le fo  adju a t east a e  t eat e t:  

• ho o e- lo ki g age ts: d ugs that lo k eithe  the e epto s e.g. ta o ife  o  the 
p odu tio  of est oge  ith a  a o atase i hi ito  e.g. a ast ozole o  let ozole; should e 
gi e  o l  to post e opausal o e  [ ]; 

• he othe ap : usuall  a o i atio  of lassi al a ti a e  d ugs e.g. ethot e ate-
fluo ou a il- lophospha ide, do o u i i - lophospha ide, et .  that o ks  dest o i g 
fast-g o i g a d/o  fast- epli ati g a e  ells eithe   ausi g DNA da age upo  
epli atio  o   othe  e ha is s  ut ight also affe t fast-g o i g o al tissues hai  
at i  ke ati o tes, i testi al epitheliu , o e a o  p o idi g se ious side-effe ts; 

• o o lo al a ti odies: e tities that e og ize ith high spe ifi it  p otei s o e e p essed o  
the su fa e of tu o  ells, alled a tige s e.g. e epto s , a d upo  i di g the  e uit othe  
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o po e ts of the i u e s ste  ith the ai  of dest o i g the a tige -p ese ti g ta get. 
The est-k o  e a ple is T astuzu a  He epti ® , used to ta get HER -positi e east 
a e  [ ]; 

• d ug deli e  s ste s DDSs : fo ulatio s o  a ie  s ste s desig ed to deli e  the d ug to 
the ta get site, i p o i g its pha a ologi al a d the apeuti  p ope ties, thus o e o i g 

ost of the li itatio s a d side-effe ts o elated to lassi al a ti a e  the ap  [ ]. 
E a ples of a osize DDSs app o ed  FDA a e liposo al fo ulatio s e.g. Do il®/Caeli ®, 
M o et®  a d a ti od -d ug o jugates e.g. T astuzu a  e ta si e . 

 

.  DRUG DELIVERY SYSTEMS DDSS  

The de elop e t of e  a ti a e  d ugs is ti e- o su i g a d highl  e pe si e. I  additio , 
o l  a e  s all pe e tage of those e  ole ules that a age to e te  the li i al t ials 
a tuall  ea h the a ket. Fo  this easo , o side a le o k has ee  do e to eate e  
he i al e tities ith i p o ed featu es. 

A d ug deli e  s ste  DDS  is defi ed as «a fo ulatio  o  a de i e that e a les the i t odu tio  
of a the apeuti  su sta e i  the od  a d i p o es its effi a  a d safet   o t olli g the ate, 
ti e, a d pla e of elease of the d ug i  the od . This p o ess i ludes the ad i ist atio  of the 
the apeuti  p odu t, the elease of the a ti e i g edie ts  the p odu t, a d the su se ue t 
t a spo t of the a ti e i g edie ts a oss the iologi al e a es to the site of a tio » [ ]. 
The pu pose is to o e o e the ultiple p o le s a d li itatio s o e ted to the use of 
t aditio al a ti a e  d ugs  e ploiti g the u e ous ad a tages p o ided  DDSs [ , ]: 

• i eased sta ilit  a d ate  solu ilit  of h d opho i  d ugs; 
• de eased to i it ; 
• p ote tio  f o  he i al a d e z ati  deg adatio ; 
• i eased half-life the highe  h d od a i  olu e edu es e al e etio ; 
• edu ed i u oge i it  a d a tige i it ; 
• sele ti e d ug a u ulatio  at the tu o  site passi e o  a ti e ta geti g ; 
• i p o ed i t a ellula  pe et atio  e ploiti g e do tosis e ha is s .  

 
G eat i flue e o  d ug deli e  esea h de i es f o  a ote h olog , leadi g to the 
de elop e t of s ste s o  the a o-s ale le ghth -  , thus e do ed ith su h u i ue 
p ope ties. These a osize a ie s usuall  -  , efe ed to as a o a ie s, a e ade of 

atu al o  s theti  ate ials a d o p ise diffe e t su lasses: io o jugates, pol e i  
a opa ti les a d a o apsules, liposo es, i elles, de d i e s, a otu es, a ogels a d 
a o stals Figu e . . It as esti ated that i   o e tha   o pa ies e e pe sui g 
a o edi i e de elop e t a d  a othe h olog -e a led p odu ts ea hed the a ket, ith 

a total sales a ou ti g at $ .  illio  [ ]. I   a o p ehe si e a al sis [ ] of the 
o ld ide state of i estigatio al a d app o ed a o edi i e p odu ts has ide tified  
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o e ialized a ode i es a d  a keted a othe apeuti s. A total of  de i es a d  
the apeuti s u e tl  i  de elop e t a ou ted fo   o goi g li i al t ials. 

 

 

Figu e . : E a ples of a o a ie s fo  ta geti g a e . 

 

 

A  ideal a o a ie  should [ , , ]: 

• e io o pati le, o -to i , o -i u oge i ; 
• e iodeg ada le th ough e z ati  o  h d ol ti  path a s o  eli i ated  e al e etio ; 
• ho oge eous lo  pol dispe sit ; 
• e eithe  solu le o  olloidal u de  a ueous o ditio s fo  i eased effe ti e ess; 
• e hi it sig ifi a t diffe e tial uptake effi ie  i  the ta get ells o e  o al ells; 
• i p o e i t a ellula  pe et atio ; 
• ha e p olo ged half-life, lo  agg egatio  ates a d a lo g shelf-life;  
• pe it fu tio alizatio  fo  ell-spe ifi  ta geti g oieties; 
• e e o o i  a d a aila le o  la ge s ale. 
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.  LIPOSOMES 

The te  liposo e  de i es f o  the G eek 
o ds lipo  fat  a d so a  od , 

defi i g a st u tu e ai l  o posed  
phospholipids. Liposo es e e fi st 
dis o e ed a d des i ed  Ba gha  i  

, hile addi g a egati e stai  to d  
phospholipids to test a e  ele t o  

i os ope [ ]. He oti ed the fo atio  
of a ila e  lipid st u tu e, highl  ese li g 
the plas ale a, thus p o idi g the fi st 
e ide e fo  the ell e a e ei g a lipid 

ila e . Fo  this easo , liposo es 
o ada s a e la gel  e plo ed as i  it o 
odels to stud  the p ope ties of iologi  
e a es.  

 
Figu e . : S he ati  ep ese tatio  of phospholipids 
self-asse l  i ol ed i  liposo e fo atio . 
Liposo es a e fo ed he  the edge e e g  fi st 
e eeds the e di g e e g  A . The elati e ki eti s 
of ila e  foldi g due to h d od a i  fo es a d 

ila e  sepa atio  u de  h d atio  fo es di tates the 
size a d la ella it  of esi les fo ed B . 

 

 
The e ha is  of liposo e fo atio  is a ell-k o  a d des i ed the od a i  p o ess 
figu e .  [ - ]. Phospholipids a e a phiphili  ole ules p ese ti g a pola  head a 

phospho i  g oup hi h ight e su stituted ith se e al o ga i  g oups, p o idi g diffe e t 
ha ge p ope ties  a d t o o -pola  aliphati  hai s, joi t togethe   a gl e ol oiet . I  

p ese e of a ueous edia, the  self-asse le fo i g highl  o de ed st u tu es alled ila e s 
sheets, hi h a e the od a i all  u fa o a le a d te d to lose, fo i g sphe i al esi les 
la ellae  ith a  e pt  a ueous h d ophili  o e i side figu e . . This featu e is the 

dis i i a t fa to  et ee  liposo es a d i elles figu e . , hi h i stead a e ade of 
edge-shaped phospholipids ea i g o l  o e a l tail a d upo  self-asse li g the  fo  

sphe i al st u tu es ith a filled h d opho i  o e a d a h d ophili  su fa e. 
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Figu e . : S he ati  ep ese tatio  of a i elle a , a lipid ila e  sheet  a d a liposo e . 

 

A o di g to the size a d u e  of la ellae fo ed upo  self-asse l  i  a ueous edia, 
liposo es a  e lassified i  t o ai  atego ies: Multi-La ella  Vesi les MLVs  a d U ila ella  
Vesi les UVs . MLVs o p ise liposo es ith a dia ete  a gi g f o    to  µ  a d 
fo ed  se e al o e t i  esi les o io -like st u tu e  sepa ated  a ueous edia, thus 
pe itti g high pa load of lipid-solu le ole ules. So eti es the ultiple ila e s a e ot 
o e t i  a d a ulti esi ula  st u tu e is eated. MLVs a e the liposo es of hoi e he  a 

slo  o  sustai ed elease of the d ug is desi ed. O  the othe  ha d, UVs a e liposo es fo ed  
a si gle lipid ila e  a d a  e fu the  su di ided, depe di g o  thei  di e sio s, i : S all 
U ila ella  Vesi les SUVs , if the dia ete  is up to  ; La ge U ila ella  Vesi les LUVs , 
a gi g f o   to  ; Gia t U ila ella  Vesi les GUVs  if the ea  size e eeds  µ  
Figu e .  [ ]. GUVs a e highl  hete oge eous ut pe it high pa load of ate -solu le 

ole ules, he eas SUVs a e o e ho oge eous, ut thei  loadi g effi ie  is st o gl  
de eased. 

 

  

Figu e . : Liposo e lassifi atio  a o di g to thei  o phologi al a d st u tu al featu es. 

 

G eat i te est has ee  a isi g fo  liposo es as a o a ie s as the  a e io o pati le a d 
iodeg ada le s ste s sa e atu e of iologi  e a es , ut also e  e satile si e the  
a  e used fo  a la ge u e  of appli atio s. I  fa t, the  a e e te si el  e plo ed i  os eti  
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a d pha a euti al i dust ies a d, additio all , the  ha e ee  studied  food a d fa i g 
i dust ies to g o  deli e  s ste s a le to e t ap u sta le o pou ds e.g. a ti i o ials, 
a tio ida ts, fla o s a d ioa ti e ele e ts  a d shield thei  fu tio alit . 

The g eat ad a tage ith espe t to the othe  DDSs is the a ilit  to t ap oth h d opho i  a d 
h d ophili  o pou ds, espe ti el  ithi  the ila e  a d i  the i e  a ueous o e, ut also 
a phiphili  d ugs ith i te edia  logP  hi h pa titio  et ee  the a ueous o e a d lipid 

ila e . Besides, it is also possi le to e ploit atio i  liposo es i.e. ith a positi el  ha ged 
su fa e de i ed f o  the use of phospholipids ith a atio i  pola  head g oup  to a  a io i  

ole ules, e.g. u lei  a ids,  ea s of fo atio  of a sta le eut al o ple . 

Ma  othe  ad a tages a e [ ]:  

• ei g o -to i  a d o -i u oge i ; 
• i p o ed solu ilit  of lipophili  a d a phiphili  ole ules; 
• e ha ed pe et atio  of d ugs i to tissues  adso ptio , fusio , e do tosis o  e ha ge of 

ila e  o po e ts et ee  liposo es a d ells ;  
• i p o ed effi a  a d the apeuti  i de  of e apsulated d ugs shieldi g thei  to i it  to a ds 

se siti e tissues, thus edu i g o elated side-effe ts ; 
• i eased sta ilit  of the e t apped ole ule p ote tio  f o  deg adatio ; 
• possi ilit  i  a e  the ap  to a hie e spe ifi  deli e  to the tu o  site  ea s of passi e 

a u ulatio  passi e ta geti g  e ploiti g the EPR effe t e ha ed pe eatio  a d ete tio  
effe t  [ ] see pa ag aph . . ; 

• possi ilit  of oupli g ith site-spe ifi  liga ds e.g. a ti odies, peptides, u lei  a ids, 
apta e s, a oh d ates  to a hie e a ti e ta geti g i  a e  the ap ,  add essi g o l  
tu o  ells o e e p essi g the a tige  [ ]; 

• possi ilit  to desig  eithe  lo al o  s ste i  sustai ed- elease s ste s. 

Ne e theless, liposo es also p ese t so e d a a ks [ ]. The ajo  p o le  is ep ese ted  
i  it o i sta ilit , hi h a  e i du ed  se e al fa to s. Fi st, the possi ilit  of o idatio  a d 
h d ol sis-like ea tio s of so e phospholipids, fa o ed  the e posu e to o ge , light, high pH 
a d etal io s. This p o le  is easil  sol ed  addi g to the fo ulatio  sta ilizi g age ts e.g. 
a tio ida ts a d helato s; holeste ol p e e ts h d ol sis  phospholipase . The , the i t i si  
te de  to agg egate, hi h ight e sol ed eithe   usi g ha ged phospholipids o   oati g 
liposo e su fa e ith h d ophili  pol e s.  A othe  atte  of i sta ilit  is gi e   the leakage 
of the loaded d ug, so eti es happe i g ight afte  the e apsulatio  p o ess. L ophilizatio  a  

e a good st ateg  to p e e t this i o e ie t, othe ise s theti  phospholipids e.g. 
dia eth le i  phospholipids, a le to fo  he i al o ds et ee  the a l hai s, thus i easi g 
the ila e  igidit  a  e e ploited.  
Fi all , a othe  g eat i o e ie t of liposo e fo ulatio  is the diffi ult  of s ale-up a d high 
osts p odu tio . 
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So fa , se e al liposo al fo ulatio s ha e ee  i t odu ed o  the a ket a d e ei ed FDA o  
elated fo eig  age  app o al fo  li i al use fo  a ide a ge of appli atio s, as epo ted i  

Ta le .  [ ]. 

 

Ta le . : List of app o ed liposo al d ugs as of . 
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. .  First-Generation Liposomes 

Co e tio al o  lassi al liposo es, also defi ed fi st-ge e atio  liposo es, o sist o l  of 
atu al phospholipids a d e e tuall  so e odulati g age ts e.g. holeste ol  o  a tio ida ts 
e.g. to ophe ols . A o g the o e tio al liposo al fo ulatio s o  the a ket e e all, fo  

e a ple, A Biso e®, Dau oXo e®, Ma i o® epo ted i  Ta le . . O i g to thei  
o positio  o e tio al liposo es suffe  f o  se e al li itatio s, a o e all the ph si o-
he i al i sta ilit  see pa ag aph .  a d the fast lea a e f o  the loodst ea  upo  

i je tio . Phago tosis, i deed, o sisti g i  the apid uptake  the o o u lea  phago te 
s ste  MPS , e.g. a ophages a d o o tes, is k o  as the atu al fate  of liposo es a d 
has ee  o side ed si e the s a d s a ajo  o sta le fo  thei  use as d ug a ie s.  
To o e o e these d a a ks, liposo es ha e u de go e e te si e esea h o  size a d 
o positio  opti izatio . The app op iate hoi e of the fo ulatio  pa a ete s is the efo e 

fu da e tal to o tai  a sta le a d effi ie t liposo al DDS. I  fa t, tu i g the o positio , 
su fa e ha ge, size a d ethod of p epa atio  o side a l  i flue es the ph si o- he i al 
p ope ties of the fi al liposo al fo ulatio  a d the efo e its i t i si  sta ilit , e apsulatio  
effi ie  a d d ug elease p ofile, ta geti g e ha is s, iodist i utio  p ofile a d so o .  
Fo  i sta e, the use of u satu ated phospholipids is espo si le fo  the fo atio  of o e fluid 
a d pe ea le ila e s, he eas a igid a d al ost i pe ea le st u tu e a  e a hie ed ith 
satu ated phospholipids ea i g lo g a l oieties. Modulatio  of the ila e  pe ea ilit  a d 
fluidit , ith the pu pose of a hie i g a  opti al elease p ofile of the e apsulated ole ules, 
is also o tai ed  additio  of e tai  a ou ts of holeste ol usuall  ot o e tha  %  i  the 
lipid o positio . I  fa t, holeste ol is a  a phiphili  ole ules hi h e e ts a te pe atu e-
depe de t fluidif i g effe t  i te alati g a o g the a l hai s of the ila e  Figu e .  [ ]. 
Si e the ea l  s holeste ol is also epo ted as a sta ilizi g age t agai st phospholipids 
t a sfe  to se u  high- a d lo -de sit  lipop otei s HDL a d LDL , a phe o e o  o u i g 
du i g i  i o i ulatio  of liposo es i  the loodst ea  a d espo si le fo  edu ed sta ilit , 
agg egatio  a d d ug elease f o  the deli e  s ste  [ ]. 

 
 
 
 
 
 

 

 

 
 
 
Figu e . : Te pe atu e-depe de t a d 
holeste ol-depe de t effe t o  e a e 

fluidit  a d pe ea ilit ; T  = te pe atu e of 
stalli e-phase t a sitio , f o  a solid-o de  

phase gel  to a li uid-diso de ed phase fluid . 
 



INTRODUCTION 
 

  

Liposo es ha ge a d size a  i flue e the lea a e p ofile of the deli e  s ste  f o  the 
as ulatu e afte  i t a e ous ad i ist atio . Positi el  ha ged liposo es a e o e to i  a d 

eli i ated faste  tha  egati e o  eut al liposo es. Fu the o e, SUVs a  i ulate lo ge  i  
the loodst ea , he eas MLVs easil  e og ized  the i u e s ste  a d eadil  eli i ated. 
I deed, fo  d ug deli e  pu pose the desi a le size of liposo e is ge e all  -  , pe itti g 
a  ade uate eside e ti e i  the as ulatu e afte  i t a e ous ad i ist atio  a d a p efe e tial 
a u ulatio  i  tissues ha a te ized  leak  lood essels e.g. ith la ge fe est atio s , like 
splee  a d li e . This passi e a u ulatio  has ee  e ploited fo  the t eat e t of tu o , 
i fe tio s o  othe  pathologies o e i g these o ga s. He e liposo es a e e og ized a d 
dest o ed  the o o u lea  phago te s ste  MPS , thus eleasi g the d ug. Ne e theless, 
liposo es a  also di e tl  i te a t ith the ta geted ells th ough diffe e t e ha is s 
adso ptio  a d e t a ellula  o te t elease, e a e fusio , i te alizatio , t a sfe  of 

lipophili  o pou ds  a d elease thei  pa load.  

If the ta get site is e o d the MPS, this effi ie t uptake  the a ophages a d o se ue t 
e o al f o  i ulatio  is the ai  li iti g fa to  agai st liposo es use as d ug deli e  s ste s. 

The adso ptio  of plas a p otei s opso i s  o to liposo e su fa e opsi izatio  t igge s the  
a ophages o  othe  ells of the i u e s ste  to easil  e og ize a d e o e the DDS f o  

the loodst ea  [ ]. The MPS, i deed, is a defe se e ha is  of ou  o ga is  agai st 
e o ioti s. La ge p e-doses of e pt  liposo es a e the efo e e ui ed to lo k the MPS a d 

i ease i ulatio  half-life of lassi al liposo es. Fo  this easo , esea he s fo used thei  
atte tio  o  ide tif i g e  ethods to odif  the su fa e of liposo es a d eate a so t of 
ph si al a ie  to p e e t opso izatio . The fi st atte pt ai ed to i i  the e a e of 
e th o tes oated ith a de se la e  of a oh d ate g oups ,  additio  of ga gliosides a d 
siali  a id de i ati es, like the o osialogl p otei  GM , to liposo es o posed of egg 
phosphatid l holi e egg PC  a d holeste ol fo  e a e igidit  [ , ]. The esult as the 
a hie e e t of the fi st ste i all -sta ilized lo g- i ulati g liposo al fo ulatio  that did 't 
e ui e p e ious MPS lo kade to e ploit the the apeuti  effe t. The p oposed e ha is  as 

the e ha e e t of liposo e su fa e h d ophili it  i pa ted  the ga gliosides. U fo tu atel , 
this eha io  as o se ed o l  i  a i al odels. 

Afte a ds, liposo es su fa e as a iousl  de o ated a hie i g o e sta le a d effi ie t 
s ste s, thus eati g diffe e t su lasses of liposo es hi h a  e defi ed as se o d-
ge e atio  liposo es. 

 

. .  Second-Generation Liposomes 

To ake up fo  the ph si o- he i al i sta ilit  a d fast lea a e of o e tio al liposo es f o  
the loodst ea , diffe e t app oa hes of su fa e odifi atio  e e e ploited, p o idi g e  
liposo al fo ulatio s e do ed ith u i ue p ope ties [ ]. The so alled e t-ge e atio  o  
se o d-ge e atio  liposo es a e i deed ha a te ized  high e ha i al sta ilit , a ilit  to 
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eithe  i du e o  i hi it the i u e s ste , p olo ged i ulatio  ti es, i p o ed loadi g 
effi ie , e ha ed pe et atio  a d ta get spe ifi it . 

 

 

Figu e . : E olutio  of liposo es. A   Co e tio al liposo es a i g eithe  ate -solu le a  o  lipid-solu le d ugs . 
B  A ti od -ta geted i u oliposo e: the a ti od  a  e o ale tl  oupled to the phospholipids i  the e a e 

 o  h d opho i all  a ho ed i to the ila e  d . C  Lo g- i ulati g stealth  liposo e: the pol e  hai s e  shield 
the su fa e f o  opso i s i di g f . D  Lo g- i ulati g i u oliposo e: PEG- oated liposo es ea i g a  a ti od , 
eithe  atta hed to the liposo e su fa e g  o  to the distal e d of PEG h . E  Ne -ge e atio  liposo es: thei  su fa e 
a  e diffe e tl  odified :  atta h e t of a p ote ti e pol e  oulped j  o   ot i  ith a ta geti g liga d; 

atta h e t/i o po atio  of a diag osti  la el k , of positi el  ha ged lipids l  fo  DNA o ple atio  , of sti uli-
se siti e lipids , of sti uli-se siti e pol e  o , of ell-pe et ati g peptides p , of i al o po e ts , of ag eti  
pa ti les  fo  ag eti  ta geti g a d/o  olloidal gold o  sil e  pa ti les s  fo  ele t o  i os op . 

 

Lo g- i ulati g liposo es Figu e .  C . Liposo es g afted ith i e t, io o pati le pol e s, 
su h as pol eth le e gl ol PEG , hi h fo  a p ote ti e la e  o e  the su fa e p e e ti g the 
adso ptio  of opso i s a d the su se ue t lea a e  the MPS. O i g to this p ope t  these 
liposo es a e also efe ed to as stealth  liposo es as the  esult i isi le to the i u e 
s ste . The ost fa ous p odu t o  the a ket elo gi g to this atego  is Do il®/Cael ®, a 
Do o u i i -loaded PEG lated liposo al fo ulatio . Re e t i p o e e ts e e a hie ed ith 
supe  stealth  liposo es ith e ha ed i  i o sta ilit  p o ided  the use of PEG de d o -

phospholipids o st u ts i stead of PEG-si gle phospholipid de i ati es t pi al of o e tio al 
stealth liposo es [ ]. 

I u oliposo es Figu e .  B . A ti od -ta geted liposo es ith a  a ti od  o  its de i ati es 
e.g. Fa ’, s F , et .  eithe  o ale tl  oupled to ea ti e phospholipids i  the e a e o  

h d opho i all  a ho ed i to the liposo al e a e afte  p eli i a  odifi atio  ith a 
h d opho i  oiet . I u oliposo es a  e i luded i to the ide  lass of liga d-ta geted 
liposo es, i.e. liposo es hose su fa e has ee  odified fo  pha a euti al pu poses ith site-
spe ifi  liga ds of diffe e t atu e a ti od , peptides, u lei  a ids, apta e s, a oh d ates, 
et .  to a hie e a ti e ta geti g to the site of a tio .  

Lo g- i ulati g i u oliposo es Figu e .  D . Liposo es i  hi h the stealth  p ope t  
p o ided  the su fa e odifi atio  ith a p ote ti e pol e  is o i ed to the p ese e of a  
a ti od  o  its de i ati es , e ploited fo  a ti e ta geti g, that a  e di e tl  atta hed to the 

ila e  o  li ked th ough the g afted pol e i  hai s. 
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Ne -ge e atio  liposo es Figu e .  E . This atego  i ludes a a iet  of ost e e t 
app oa hes to use liposo es as pha a euti als a o a ie s, usuall  o i i g diffe e t 
te h i ues of su fa e odifi atio s: 
- sti uli- espo si e liposo es e.g. te pe atu e- o  pH-se siti e liposo es, a le to elease thei  

pa load upo  ha ges of pH o  te pe atu e  [ ]; 

- atio i  liposo es fo  ge e deli e  use of positi el  ha ged phospholipids to allo  the 
o ple atio  ith u lei  a ids, fo i g a  o e all eut al s ste ; 

- diag osti  liposo es ea i g diag osti  la els eithe  g afted o  the su fa e o  e apsulated ; 

- i oso es liposo e su fa e odified ith fusoge i  i al e elope p otei s, i.e. ith ell-
pe et ati g p ope ties ; 

- ag eti  liposo es loaded ith the d ug a d a fe o ag eti  ate ial a le to i du e d ug 
elease he  a  e te al ag eti  field is applied . 

 

. .  Stealth and Super stealth liposomes 

Su fa e odifi atio  of o e tio al liposo es ith pol e s, su h as pol eth le e gl ol PEG , 
has p o ided lo g- i ulati g DDSs e do ed ith e ha ed ph si al sta ilit  a d edu ed 
lea a e. PEG is a o -io i  s theti  pol e  of eth le e o ide, app o ed  Food a d D ug 

Ad i ist atio  FDA  o i g to its useful p ope ties, like io o pati ilit , la k of to i it , solu ilit  
i  a  a ueous a d o ga i  sol e ts, good e etio  ki eti s, lo  i u oge i it  a d 
a tige i it  [ - ]. Mo eo e , the g eat ad a tage of usi g PEG is the ide a ge of ole ula  

eights a d st u tu es a aila le [ ]. Diffe e t studies ha e de o st ated that the a ilit  of PEG 
to p olo g liposo es eside e ti e i  the loodst ea   p e e ti g oth agg egatio  thus 
e ha i g ph si al sta ilit  a d i di g of plas a p otei s thus edu i g the uptake  MPS  is 
due to its pe ulia  featu es. Fi st, its high fle i ilit  pe it to shield the spa e adja e t to 
liposo es su fa e a d just a s all a ou t of PEG % ola  atio  is suffi ie t to p o ide a good 
su fa e o e age a d eate a  ade uate ste i  hi d a e. I deed,  usi g igid pol e s, su h 
as de t a , it is ot possi le to o tai  the sa e edu tio  of liposo e-p otei s i te a tio  [ ]. 
Fu the o e, PEG h d ophili it  is espo si le fo  the fo atio  of a sol atio  shell o  the su fa e 
of the a o a ie  that also pla  a ole o  p e e ti g agg egatio  a d opso i s i di g.  
Liposo e su fa e de o atio  ith PEG a  e o tai ed eithe   ph si al a so ptio  of the 
pol e  o to the su fa e of the esi les o   o ale t atta h e t to ea ti e g oups o  the 
su fa e of p efo ed liposo es. A othe  optio  is to p e iousl  o jugate the pol e  to a lipid 

ole ule a d add these PEG-lipid de i ati es to the i itial lipid i tu e. I  the p ese t o k PEG-
DSPE etho -pol eth le e gl ol-distea o l phosphoetha ola i e  as used to p odu e 
stealth fo ulatio s. The g aft de sit  of the pol e , as ell as its ole ula  eight, affe ts the 
deg ee of su fa e o e age a d the dista e et ee  g aft sites. Diffe e t pol e  o figu atio  
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egi e s a e a hie ed: pa ake-like t pi al fo  PEG a so ptio , ush oo -like a d ush-like, 
espe ti el  o espo di g to lo , i te ediate a d high PEG de sit  Figu e .  [ , ]. 

 

 

Figu e . : Co fo atio s ush o  ush oo -like  of PEG g afted o  the su fa e of liposo es. 
 

 

PEG- oated liposo es a e defi ed Stealth Liposo es  SL , a o di g to the a ilit  of PEG to 
ake the  i isi le  to the i u e s ste . P olo gi g the half-life of the a o a ie , a d 

o se ue tl  of the e apsulated d ug, is u ial fo  d ug deli e  pu pose, espe iall  i  
a ti a e  the ap . The s ste  a  i ulate lo ge  i  the loodst ea , e ha i g the p o a ilit  
of ea hi g the tu o  site a d passi el  a u ulate, allo i g to edu e the dose a d f e ue  
of ad i ist atio . The p efe e tial a u ulatio s of DDSs i  a e  tissues is defi ed as passi e 
ta geti g a d it is ost e ide t i  solid tu o s u de goi g a gioge esis. The apid fo atio  of 

e  lood essels leads to the eatio  of a leak  a d dis o ti uous e dotheliu  hi h fa ilitate 
the e t a asatio  of the a o a ie s i to the i te stitial spa e. I  additio , the la k of a  effi ie t 
l phati  d ai age s ste  e a les the a u ulatio  of the e t a asated DDS i  p o i it  of the 
tu o  a ea, o ki g as a sustai ed d ug- elease s ste . I  o al tissues, i stead, the p ese e 
of tight ju tio s et ee  apilla  e dothelial ells does ot allo  the a o a ie s to 
e t a asate. This phe o e o  is k o  as EPR effe t E ha ed Pe ea ilit  a d Rete tio  
effe t  a d as fi st des i ed  Maeda et al. [ ], hi h is thus espo si le fo  the i p o ed 
the apeuti  effe ts of liposo al a ti a e  d ugs o pa ed to the f ee d ugs.  

E e  though it is ge e all  elie ed that stealth liposo es a e i e t s ste s, a le to p e e t o  
edu e i u oge i it , e e theless it is epo ted that the  a  possi l  i du e idios ati  
ea tio s th ough o ple e t a ti atio , lassified as pseudoalle gies, oth i  a i als a d 

hu a s. These ea tio s a  lead to a diopul o a  distu a e a d othe  elated s pto s 
of a aph la is. Ho e e , li i al e ide e lea l  de o st ates that o ple e t a ti atio  alo e 
a ot e the ate li iti g fa to  i  p o o ki g h pe se siti it  ea tio s upo  liposo es 

ad i ist atio . The efo e, a  othe  fa to s a  e i ol ed, su h as ge o i  diffe e es 
et ee  se siti e a d o -se siti e i di iduals [ ].  

Ishida et al. [ ] epo ted that PEG lated liposo es a  e su je ted to the A ele ated Blood 
Clea a e ABC  phe o e o , thus displa i g u e pe ted pha a oki eti  eha io  upo  
epeated i je tio s. Spe ifi all , a fi st dose of e pt  PEG lated liposo es ad i iste ed  

i t a e ous i je tio  a  i du e a ti-PEG IgM p odu tio . These i u oglo uli s sele ti el  
i d to the su fa e of su se ue tl  i je ted stealth liposo es, thus leadi g to o ple e t 
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a ti atio  a d fast lea a e f o  the loodst ea . Ishida et al. also de o st ated that the 
ag itude of the ABC phe o e o  depe ds o  the ph si o he i al p ope ties of the i je ted 

liposo es as a fi st dose, o  the ti e i te al et ee  i je tio s, a d o  the lipid dose a d d ug-
e apsulatio .  
 
A othe  possi le e pla atio  fo  the apid eli i atio  of stealth liposo es f o  the loodst ea  

ight e the loss of the p ote ti e pol e  f o  the su fa e of the a o a ie . The deta h e t 
of PEG-lipid ole ules f o  the ila e  has ee  e plai ed  the apid e o al of the h d ophili  
oati g i  i o, hi h a  a ise f o  e ha ge of the e ti e PEG-lipid o jugate f o  the 

liposo al e a e. I  so e ases also a he i al eakdo  of the PEG-lipid o jugate is 
possi le [ ]. I  othe  o ds, o e i  o ta t ith the odil  fluids the pol e  ight deta h f o  
the su fa e if the h d opho i  i te a tio s of the lipid a ho  a e ot st o g e ough to e i e the 
h d ophili  fo es d i i g its solu ilizatio  i  the su ou di g a ueous edia Figu e . . As a 
esult, the i o plete PEG oati g of the su fa e lea es the a ie  ul e a le to opso izatio  a d 

e ha es the eli i atio  ate. 

 

 
Figu e . : Fo es i ol ed i  pol e  i di g a d deta h e t f o  the ila e . 

 

To o e o e the p o le  of PEG-lipid apid deta h e t f o  the ila e  i  the i ulato  s ste  
a d, thus, the i o plete su fa e shieldi g effe t, i p o ed PEG de d o -lipids de i ati es e e 
s thetized a d i o po ated i to the ila e  p o idi g e  Supe  Stealth Liposo es SSL . The 
PEG de d o -lipids de i ati es e e o tai ed  li ki g  o   ole ules of distea o l 
phosphatid letha ola i e DSPE  to a ole ule of PEG  kDa, usi g β-gluta i  a id as 

a hi g age t [ ] Figu e .  a d Figu e . .  
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Figu e . : St u tu e of PEG-β-Glu- DSPE . 

 

 

Figu e . : St u tu e of PEG-β-Glu- DSPE . 

 

The p ese e of a  i eased u e  of lipid ole ules o jugated to a si gle pol e  hai  
allo s to e ha e the h d opho i  i te a tio s ith the phospholipids of the liposo e’s ila e , 
the e  edu i g the p o a ilit  of deta h e t. The efo e, SSLs sho ed e ha ed sta ilit , 
p olo ged i ulatio  half-life a d lo e  uptake  MPS i  o pa iso  to stealth liposo es. 
Fu the o e, i  it o studies suggested a lo  to i it  a d high i t a ellula  uptake of SSLs ith 
espe t to SLs. O e all, SSLs a  ha e the pote tial to g eatl  i p o e o e tio al a e  

t eat e t  e ha i g d ug deli e  a d a titu o  effi a  [ ]. 

 

. .  Evolution from Immunoliposomes to Super stealth immunoliposomes 
 
Although se e al liposo al fo ulatio s of lassi al he othe apeuti  d ugs ha e al ead  ee  
app o ed fo  a e  the ap  a d ea hed the a ket, i  all ases the d ug deli e  to the tu o  
site is a hie ed  ea s of passi e a u ulatio  th ough EPR effe t. The fu tio alizatio  of 
liposo es ith ta geti g oieties, i.e. liga ds of a ious atu e a ti od , peptides, u lei  a ids, 
apta e s, a oh d ates, et . , has e e ged o e  the ea s as a p o isi g st ateg  fo  a hie i g 
a ta geted d ug deli e  s ste . The ost e ploited app oa h ela s o  the oupli g of a ti odies 
to the su fa e of liposo es, thus p o idi g the so alled i u oliposo es. The atio ale ehi d 
this idea is to e ha e the a ou t of a ti a e  d ug ea hi g the tu o  ells a d i i ize the 
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a u ulatio  i  othe  health  tissues,  ea s of a ti od - ediated e og itio  of spe ifi  
a tige s o e e p essed o  the su fa e of a e  ells. 

Depe di g o  the oupli g st ateg  i u oliposo es a  e lassified as Figu e . : 

- t pe I, hethe  the a ti od  is di e tl  o jugated to the lipid ila e  eithe  i  p ese e o  
a se e of PEG oati g ; 

- t pe II, hethe  the o jugatio  o u s at the distal e d of the PEG hai  [ ]. 
 
 
 
 

 
 

Figu e . : Ge e atio s of i u oliposo es. 

 
 
Ea l  atte pts to ouple a ti odies o  the su fa e of liposo es go a k to a ou d the s, 

he  se e al app oa hes e e a al zed to atta h a ti od  ole ules o  p otei  odels to the 
su fa e of aked liposo es [ , ]. O e o jugatio  st ateg  i luded the use of ifu tio al 
eage ts to ouple the p otei  to ea ti e g oups o  liposo e su fa e [ , ]. I t odu tio  of 

h d opho i  esidues to the p otei  st u tu e also e a led its effe ti e i o po atio  i to the 
lipid ila e  [ ]. A othe  possi ilit  as a ti od  oupli g  ea s of a ti ated suga  oieties 
eithe  i  the p otei  st u tu e o  i o po ated i  the liposo e e a e a d e posed o  the 
oute  su fa e [ ]. O e all, su fa e adso ptio  o - o ale t o jugatio  of a ti odies o  
liposo e e a e p o ed to e ot effi ie t e ough si e the  suffe ed desta ilizatio  afte  
se u  p otei s e posu e i  i o. This app oa h led also to elati el  lo  atta h e t effi ie  
a d liposo es agg egatio . Mo eo e , the a ou t of adso ed a ti od  as diffi ult to o t ol, 
as ell as its o e t o ie tatio . The fu the  additio  of PEG- oati g allo ed at the sa e ti e to 
e ploit the ad a tage of a hie i g a ste i all  sta ilized lo g- i ulati g fo ulatio  ith 
i p o ed pha a oki eti  p ope ties. Ho e e , i  so e ases the ste i  hi d a e p o ided  
PEG also affe ted a ti od -a tige  e og itio , hi h esulted i  eithe  edu ed o  p e e ted 

i di g, ased o  the a ou t of pol e  a d its le gth [ ]. To a oid this p o le  a d esto e 
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the effi a  of a tige -a ti od  i di g, se e al te h i ues e e de eloped to o se t the 
o jugatio  of the ta geti g age t to the distal e d of the pol e  [ ]. A u ial fa to , though, 

is the o ie tatio  of the a ti od  o ale tl  atta hed o to the su fa e of the PEG la e , si e it 
st o gl  i flue es the asso iatio  of the a o a ie  ith tu o  ells o e e p essi g the spe ifi  
a tige . Depe di g o  the oupli g he ist , i deed, PEG latio  a  o u  at diffe e t sites of 
the a ti od  st u tu e, esulti g i  a a do  o ie tatio  of the ta geti g oiet . Ne e theless, 
site-spe ifi  o jugatio  is p efe a le e ause the a tige - i di g site is e uall  e posed a d 
p ot udi g f o  liposo e su fa e [ ].  
I  the last  ea s, a e  i te esti g app oa h to ouple diffe e t ki d of liga ds i ludi g 
a ti odies  to eithe  aked o  PEG- oated liposo es as i t odu ed. A o di g to this ethod, 
k o  as post-i se tio  te h i ue [ ], liga ds a e fi st oupled to the distal te i us of PEG-
lipids de i ati es, fo i g a  u sta le i ella  suspe sio  hi h is su se ue tl  o-i u ated 

ith p efo ed liposo es. Spo ta eous t a sfe  a d i o po atio  of odified liga d take pla e, 
f o  thei  i ella  state i to the o e the od a i all  fa o a le ila e  of liposo es, i  a 
te pe atu e- a d ti e-depe de t a e  Figu e . .  

 

Figu e . : S he ati  ep ese tatio  of the post-i se tio  te h i ue. 

 
 
It as epo ted that the oupli g of the hole a ti od  to liposo es esulted highl  
i u oge i , leadi g to edu ed eside e ti e of the d ug deli e  s ste  i  the loodst ea  
[ ]. Se e al e ha is s a  o t i ute to i u oliposo es depletio : F - ediated 
phago tosis  i ulati g o  li e  a d splee  a ophages, opso izatio  of the oupled 
a ti odies, a ti atio  of o ple e t- ediated toto i it  a d a ti od -depe de t ellula  

toto i it  ADCC . A o di gl , the p og esses i  o o lo al a ti od  e gi ee i g allo ed the 
de elop e t of less i u oge i  f ag e ts still ea i g the a tige - i di g site , su h as 
f ag e t a tige - i di g Fa ’  a d si gle hai  f ag e t a ia le s F  f ag e ts, hi h a e 
latel  ei g e plo ed i stead of the hole a ti od  st u tu e. The use of a ti od  f ag e ts a  
i deed p olo g the i ulatio  ti e ith espe t to full a ti od -ta geted liposo es, e e  though 
at so e le el the  still a ele ate the lea a e [ ]. I te esti gl , it has ee  sho  [ ] that i  
so e tu o s the a u ulatio  of lo g- i ulati g i u oliposo es a d o -ta geted stealth 
liposo es is so eho  o pa a le. The g eat diffe e e, though, sta ds o  the e ha ed 
the apeuti  a ti it  of stealth i u oliposo es, as the  i d ith high affi it  to tu o -
asso iated i te alizi g age ts o e e p essed o  the su fa e of a e  ells. The ette  
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i te alizatio  allo s highe  a ou ts of he othe apeuti  d ug to a u ulate i side the tu o  
ells, thus e pli ati g its toto i  effe t. O  the o t a , the a u ulatio  of o e tio al 

stealth liposo es is usuall  o fi ed to the i te stitial spa e i  p o i it  of tu o  site. The 
ta geti g effi a  of i u oliposo es is also st i tl  i flue ed  a tige  de sit  o  the su fa e 
of ta get tu o  ells, hi h u fo tu atel  is ofte  lo  [ ]. Ge e all , the highe  the a tige  
de sit  the highe  the sele ti it  to a ds a e  ells a d the o e i te se the a titu o  a ti it . 

The p ese t o k ai s at o i i g PEG de d o -lipids de i ati es ith the Fa ’ f ag e t 
de i ed f o  T astuzu a  He epti ® , a o o lo al a ti od  A ,  oupli g it to the f ee 
e d of PEG, to o tai  e  Supe  Stealth I u oliposo es SSILs . T astuzu a  is used to ta get 

ith high affi it  the HER  hu a  epide al g o th fa to  e epto  , hi h is o e e p essed 
o  the su fa e of e tai  tu o  ells. These o el fo ulatio s, the efo e, should possess oth 
the e ha ed sta ilit  i  the loodst ea  p o ided  PEG a d the a ilit  to ea h sele ti el  the 
tu o  site. The post-i se tio  app oa h is e ploited to i o po ate Fa ’-PEG de d o -lipids 
de i ati es i to p efo ed PEG- oated liposo es. 
 

.  ANTIBODIES AND THEIR FRAGMENTS AS TARGETING TOOLS 
FOR DRUG DELIVERY 

Du i g the last de ades, the i te est o  a ti odies fo  o e ial de elop e t has ee  st o gl  
i easi g fo  se e al easo s [ ]: 

 thei  spe ifi  a tio , ge e all  i du i g less side-effe ts;  
 the possi ilit  to e oupled to othe  the apeuti  e tities p o idi g effi ie t deli e  to the 

ta get site, the e  edu i g pote tial side effe ts;  
 the  a  e e ploited fo  diag osti  pu poses  o jugatio  to adioisotopes;  
 te h olog  i p o e e ts led to the a hie e e t of o plete hu a  o o lo al 

a ti odies, hi h a e less i u oge i . 

A ti odies o  i u oglo uli s a e la ge gl op otei s – % p otei , – % a oh d ate  
[ ] se eted  plas a B ells B l pho tes  of the adapti e i u e s ste  i  t o ph si al 
fo s: as solu le p otei s f eel  i ulati g i  the loodst ea  o  as e a e- ou d p otei s 
o  the su fa e of B- ells. I u oglo uli s o sist of th ee e ual-sized glo ula  po tio s, loosel  
o e ted  a fle i le st et h of pol peptide hai , k o  as the hi ge egio , fo i g a oughl  

Y-shaped a o ole ule o  o i atio  of su h a o ole ule . T o ai  egio s a  e 
disti guished [ ]: the a ia le egio  V , o sisti g i  the t o a s  of the Y a d defi i g the 
a tige - i di g egio ; the o sta t egio  C , ep ese ted  the ste  of the Y a d 
espo si le fo  the i te a tio s ith effe to  ells of the i u e s ste  a d othe  ole ules. 

Fi e diffe e t isot pes of i u oglo uli s a e e og ized i  hu a s, a el  IgA, IgD, IgE, IgM, 
a d IgG, ased o  thei  C egio . IgGs a e usuall  p ese t as o o e s, he eas IgAs a d IgMs 
ge e all  asso iate espe ti el  as di e s a d pe ta e s. The ost a u da t i  hu a  se u , 
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a ou ti g fo  - % of plas a p otei s, a d idel  used fo  the apeuti  pu poses a e the IgGs 
Figu e .  a d Figu e . .  

 

 

Figu e . : S he ati  ep ese tatio  of IgG. 
 
 
 

 

Figu e . : C stal st u tu e of a hu a  IgG  ole ule. 

 

IgGs ha e a ole ula  eight of a out  kDa, si e the  a e o posed of t o ide ti al hea  
hai s H  of  kDa a d t o ide ti al light hai s L  of  kDa, held togethe   i te - hai  

disulphide o ds as ell as o - o ale t i te a tio s. Ea h hea  hai  o sists of a  N-te i al 
a ia le do ai  VH  a d th ee o sta t do ai s CH , CH , CH , ith a hi ge egio  et ee  

CH  a d CH , he eas ea h light hai  is ade of o e N-te i al a ia le do ai  VL  a d o e 
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o sta t do ai  CL . T o t pes of light hai s e ist, la da  a d kappa , a d the a e age 
of  to  atio i  hu a s is : . The asso iatio  of the light hai  ith the VH a d CH  do ai s of 
the hea  hai  fo s the Fa  f ag e t f ag e t, a tige - i di g  of the a ti od . I stead, the 
o i atio  of the lo e  hi ge egio  a d the CH  a d CH  do ai s of the hea  hai s 
ep ese ts the F  f ag e t f ag e t, stalliza le , hi h is espo si le fo  effe to  e og itio  

a d i di g. I  additio , a highl  o se ed N-li ked gl os latio  site As  is lo ated 
et ee  the t o CH /CH  do ai s fo i g the F . 

IgGs a  e fu the  di ided i  fou  su lasses, ased o  the hea  hai  t pe, i  o de  of 
de easi g elati e a u da e: IgG , IgG , IgG  a d IgG . The ai  st u tu al diffe e es eside 
i  the u e  a d lo atio  of i te hai  disulfide o ds a d the le gth of the hi ge egio . Most 
IgGs p ese t fou  i te hai  disulfide o ds, t o o e ti g the H hai s at the hi ge egio  a d 
othe  t o o e ti g the L hai s to the H hai s. The su t pes sho  o e  % ho olog  i  
a i o a id se ue e, ut g eat a ia ilit  is o se ed i  the N-te i al se ue es of oth the 
hea  a d light hai s et ee  diffe e t a ti odies. It as suggested that the o se ed 
se ue es i  hu a  IgG  a ti odies a e app o i atel  % a d the e ai i g % is a ia le, 

eati g the a tige - i di g spe ifi it  [ ]. The V egio s a e fu the  lassified i to th ee 
h pe a ia le se ue es HV , HV , HV , hi h a e also defi ed as o ple e ta it  
dete i i g egio s CDR , CDR , CDR . This a ia ilit  is due to a e o i atio al p o ess 
follo i g the e posu e to a  a tige , hi h leads to sti ulatio , di e sifi atio , a d p opagatio  
of a  ge eti all  disti t B- ells p odu i g illio s of a ti odies pol lo al a ti odies  ith 
slightl  diffe e t a tige - i di g sites, thus ith diffe e t affi ities a d spe ifi ities. 

Te h olog  ad a e e t led to the ge e atio  of o o lo al a ti odies A s , o tai ed f o  
a si gle lo e of B ells a d ha a te ized  u i ue st u tu e a d high affi it  fo  a si gle spe ifi  
epitope of a  a tige . The fi st u i e A s e e p odu ed i    Köhle  a d Milstei , ho 
de eloped the h ido a te h olog  [ ]. This app oa h is ased o  the fusio  of a B l pho te 
ell lo e ith a elo a ell, esulti g i  a h id ell li e ith oth li itless epli ati e pote tial 

a d a ilit  to p odu e a ti odies. U fo tu atel , the the apeuti  use of u i e a ti odies is 
st o gl  li ited  thei  high i u oge i it , e ause the  eli it the fo atio  of hu a  a ti-

ouse a ti odies HAMAs  espo si le fo  the sho t se u  half-life. The efo e, hu a ized 
hi e i  a ti odies e e ge e ated  ea s of ge eti  e gi ee i g app oa hes, ith the 

pu pose of fu the  edu i g the i u oge i it , i  hi h the C egio  is hu a  - % of the 
p otei  st u tu e , he eas the V egio  is u i e [ ]. Chi e i  a ti odies, though, ould still 
i du e the se etio  of hu a  a ti- hi e i  a ti odies HACA . Su se ue tl , highl  hu a ized 
a ti odies – % hu a  e e de eloped  e g afti g o l  u i e-se ue e de i ed CDR 
egio s i to hu a  se ue e-de i ed V egio s. Though, a si ila  i u oge i  pote tial ith 
espe t to full  hu a  a ti odies as o se ed, as these A s ould still e oke the fo atio  of 

hu a  a ti-hu a  a ti odies HAHA .  

The i t odu tio  of o el te h ologies, su h as the use of t a sge i  i e a d phage displa  
platfo s, allo ed the p odu tio  of full  hu a  A s Figu e .  hose se ue e is e ti el  
hu a . 
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Figu e . : E olutio  of o o lo al a ti odies A s  a d thei  o elated pote tial fo  i u oge i it . 

 

 
Tha ks to thei  u i ue affi it  a d spe ifi it , A s ha e a ui ed g eat i te est i  the field of 
a ti a e  d ug deli e  as effi ie t tools to a hie e a ta geted deli e  to a e  ells. As al ead  

e tio ed, the use of full a ti odies oupled to liposo al a o a ie s a  esult i  fast 
lea a e f o  the loodst ea  as the  a e pote tiall  highl  i u oge i .  

With the ai  of a hie i g a sta le, effi ie t ta geted d ug deli e  s ste , othe  alte ati e fo s 
of a ti odies still etai i g the a tige - i di g site  ha e ee  ge e ated th ough e z ati  
digestio  a d edu tio . The t o ost idel  e ploited path a s o te plate the use of t o 
diffe e t p oteol ti  e z es, thus p o idi g diffe e t out o es Figu e .  [ - ].  
I  the fi st app oa h, t eat e t ith papai  lea es the N-te i al side of the disulfide o ds of 
the hi ge egio  a d ge e ate t o ide ti al Fa  f ag e ts a d o e F  f ag e t. Fa  f ag e ts 
a e  kDa VH-CH / VL-CL  hete odi e s li ked  a si gle disulfide o d.  
The othe  app oa h, i stead, i ol es the t eat e t ith pepsi  hi h lea es at the C-te i al 
side of the disulfide o ds of the hi ge egio  a d p odu es o e la ge f ag e t ith t o a tige -

i di g sites, a el  F a ’ , a d a  s alle  peptides de i i g f o  the deg adatio  of the F  
po tio . Fu the  sele ti e edu tio  of F a ’  at the disulfide o ds of the hi ge egio  ge e ates 
t o ide ti al F a ’  f ag e ts, ea h ea i g o e a tige - i di g site. Well-esta lished p oto ols 
of edu tio  a e ased o  the use of ild edu i g age ts, like β- e aptoeth la i e β-MEA , 
β- e aptoetha ol β-ME , dithioth eitol DTT , t is - a o eth l phosphi e TCEP , 
glutathio e o  stei e [ ]. 
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Figu e . : P oteol ti  f ag e ts o tai ed f o  papai - a d pepsi - ediated IgG digestio . 

 
 
A othe  o o  a ti od  f ag e t is the si gle hai  f ag e t a ia le s F , hi h o tai s 
e o i a t VL a d VH egio s joi ed  a sho t h d ophili  a d fle i le peptide se ue e of at 

least  esidues. Sho te  li ke s –  esidues  do ot allo  the pai i g of the a ia le do ai s 
ut allo  the asso iatio  ith a othe  s F  to fo  a i ale t di e , e.g. dia od   kDa  o  

t i e , e.g. t ia od   kDa  Figu e . .  S F  -  kDa  a e o o l  e p essed i  a te ial 
ultu e a d a  e e gi ee ed ith a ious tags e.g. pol -His  o  a i o a ids se ue es e.g. 

te i al C s, thus p o idi g a f ee sulfh d l g oup fo  oupli g to othe  e tities  [ ]. 
 
  

 

Figu e . : S he ati  ep ese tatio  of a ious a ti od  o st u ts. 
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Whe  all fa to s a e take  togethe , the hoi e of the ost suita le ta geti g age t fo  
i u oliposo es fo ulatio  el  ot o l  o  the the apeuti  out o e, ut also o  othe  

ite ia: sta ilit , p odu tio  ields, affi it  a d spe ifi it  of i di g, i u oge i it  a d 
to i it . I  this o te t, A s a e ge e all  o e e pe si e a d i o e ie t to p odu e, he eas 
s alle  f ag e ts a  e p odu ed i  a te ia o  i  othe  e p essio  s ste s, ut also e gi ee ed 
a d sele ted fo  opti al sta ilit  a d affi it  [ ].  
The pote tial i u oge i it  a isi g f o  the use of the hole a ti od  de i es f o  the 
p ese e of F  do ai , agai st hi h ost HAMA espo se is di e ted a d espo si le fo  
i eased MPS lea a e th ough spe ifi  e og itio   phago ti  ells a i g F  e epto s. It 
is epo ted that liposo es oupled ith a ti od  f ag e ts p ese i g the a tige - i di g site 

ut la ki g the F  do ai  e.g. Fa ’, s F , et .  sho ed o side a l  i p o ed pha a oki eti  
a d pha a od a i  p ofiles o e  full a ti od  ta geted liposo es i  a ious a i al odels. I  
additio , the lea a e as o pa a le to that of o -ta geted liposo es, esulti g i  i eased 
the apeuti  effe ts [ , ]. 
Mo eo e , a ti od  f ag e ts also allo  easie  o jugatio  to liposo es o tai i g 
fu tio alized PEG-lipid de i ati es, e ploiti g the thiol g oups of C s i  the hi ge egio . Full 
a ti od  st u tu e, i stead, ofte  e ui es odifi atio  of e isti g fu tio al g oups hi h a e 
usuall  a u da t a d o -ho oge eous o ie tatio  of the a ti od  o  the su fa e of the 

a o a ie  ight e a hie ed see pa ag aph . . .  
 
 

. .  Coupling strategies 

Se e al he i al st ategies ha e ee  tho oughl  des i ed [ ] to o jugate a ti odies o  thei  
f ag e ts to liposo es, eithe   o ale t o  o - o ale t o ds. Most app oa hes i ol e 
o jugatio  to the distal e d of PEG-lipids o po e ts, o  hi h the i e t etho  g oup has 
ee  epla ed ith ea ti e oieties.  

O e all, these oupli g ethods a e ased o : 

a  use of f ee a i o a d a o li  g oups p ese t i  the a ti od  ole ule Figu e . .  
These fu tio alities, ho e e , a e elati el  a u da t i  the p otei , thus u desi ed a do  
o ie tatio  of the a ti od  o  the su fa e of liposo es ight e a hie ed.  
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Figu e . :E a ple of o jugatio  of EDC/NHS a ti ated -COOH g oup of the a ti od  to a i e-PEG-lipids. 

 

 Site-di e ted o jugatio  to the a oh d ate hai s i  the F  egio .  
This app oa h e ui es p io  ild o idatio  of the suga  esidues ith sodiu  pe iodate to o tai  
aldeh de g oups a d su se ue t oupli g to h d azide- o tai i g ossli ki g age t o  PEG hai  
o  liposo e su fa e Figu e . . Ca e should e take  as so e a ti odies a  e gl os lated 
i  p o i it  of the a tige - i di g site. 
 
 

 

Figu e . : Co jugatio  of aldeh de odified a ti od  to a h d azide odified lipid. 

 

 Modifi atio  of e isti g fu tio al g oups disulfide, a i e, a o li  a d a oh d ate 
g oups  p ese t i  the a ti od  ith oss-li ki g age ts o tai i g ea ti e fu tio alities.  

Fo  i sta e, -I i othiola e T aut’s eage t  is a li  i idothioeste  used to i t odu e f ee 
sulfh d l g oup i  the a ti od  st u tu e, upo  i g ope i g, afte  ea tio  ith p i a  a i es. 
Othe  o o l  e plo ed oss-li ki g age ts a e: su i i id l - -p id ldithio p opio ate 
SPDP ; N-su i i id l S-a et lthioa etate SATA ; -su i i id lo a o l-alpha- eth l-α -

p id ldithio tolue e SMTP ; et . Thiolated a ti odies a  e ea ted ith alei ide- o tai i g 
PEG-lipid de i ati es to fo  a sta le o - lea a le thioethe  o d Figu e . . 
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Figu e . : Thiolatio  of a  a ti od  i t odu es a ea ti e thiol g oup hi h a  fu the  ea t ith alei ide-
de i atized PEG-lipids.  

 

d  Use of f ee fu tio al g oups of phospholipids, e.g. a i e a d h d o l g oups, o  thei  
odifi atio  ith oss-li ki g age ts o tai i g ea ti e oieties. Fo  e a ple, 

phospholipids o tai i g a i e g oups a  e odified ith SPDP oss-li ki g age t to 
i t odu e a disulfide g oup hi h is late  e ploited to ouple a ti odies  ea s of e e si le 
disulfide o d fo atio  Figu e . .  
 

 

 
Figu e . : E a ple of phospholipids odifi atio  to i t odu e ea ti e fu tio alities to ouple a ti odies o  
a ti od  f ag e ts. I  this ase, odifi atio  ith SPDP allo s to fo  a e e si le disulfide o d ith a Fa ’ 
f ag e t. 

 
 

e  Use of a ide a ge of fu tio alized PEG-lipid de i ati es o ki g as li ke  et ee  the 
a ti odies a d liposo es. This also i ludes a ti od  a d PEG-lipids fu tio alizatio  ith 
p otei s o  s all ole ules ith st o g affi it  fo  ea h othe  e.g. ioti  a d a idi ; folate 
a d folate- i di g p otei ; pol -His a d Ni-NTA , thus ge e ati g a o - o ale t oupli g 
Figu e . . 
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Figu e . : A ti od -liposo e asso iatio  usi g a idi - ioti  i di g. A  The uad i ale t a idi  ole ule idges the 
t o ioti lated o po e ts; B  the a ti od  is o ale tl  o ded to the a idi  hi h i ds the ioti  o  the su fa e 
of ioti lated liposo es. 

 

A ti od  f ag e ts usuall  allo  easie  o jugatio  to liposo es o tai i g fu tio alized PEG-
de i ati es, p o idi g ho oge eous oupli g a d f ag e t o ie tatio , he eas full a ti odies 

a  displa  a do  o ie tatio  depe di g o  the oupli g he i al app oa h. This elies o  the 
fa t that a ti od  f ag e ts p ese t sulfh d l g oup i  hi ge egio  eadil  a aila le fo  
oupli g, i stead the hole a ti od  ofte  e ui es p e ious odifi atio s. 

I  the p ese t o k, Fa ’ of T astuzu a  He epti ®  as hose  as ta geti g age t of 
do o u i i -loaded stealth a d supe  stealth liposo es. Digestio  ith pepsi  a d fu the  
edu tio  ith a edu i g age t p o ided the desi ed Fa ’ f ag e t, hi h as o jugated to 

PEG-lipid a d PEG de d o -lipids de i ati es th ough the alei ide ethod. This app oa h is 
ased o  the ea tio  et ee  a alei ide- o tai i g ole ule a d a f ee thiol oiet  of 

a othe  ole ule to fo  a  i e e si le thioethe  o d. Fo  this pu pose, N- β-
alei idop op lo su i i ide este  BMPS  as e ploited, hi h is a hete o ifu tio al oss-

li ki g age t ea i g a NHS g oup, fo  the oupli g to the te i al a i o g oup of PEG-lipids 
de i ati es, a d a alei ide ea ti e g oup hi h a  ea t ith the sulfh d l oiet  of Fa ’ 
Figu e . . 

 

 

Figu e . : S he ati  ep ese tatio  of Fa ’ oupli g to a PEG-lipid de i ati e, afte  de i atizatio  ith N- β-
alei idop op lo su i i ide este  BMPS , e ploiti g the alei ide ethod. 

 
 
 
 



INTRODUCTION 
 

  

. .  Trastuzumab Herceptin®  
 
T astuzu a , sold u de  the a d a e He epti ®, is a e o i a t hu a ized IgG -  A  i  

hi h u i e CDRs that i d ith high affi it  hu a  epide al g o th fa to  e epto  t pe  
HER-  e e g afted to hu a  a ti od  f a e o k egio s  ea s of ge eti  e gi ee i g [ ]. 

Fi st de eloped  Ge e te h joi tl  ith the U i e sit  of Califo ia, Los A geles, T astuzu a  
e ei ed FDA app o al i   fo  the the ap  agai st etastati  east a e  o e e p essi g 

HER , e o i g the fi st A  i  li i al use fo  the t eat e t of solid tu o s. Si e the , a  
othe  A s ha e ee  li i all  app o ed fo  a e  the ap , i ludi g a ti od  f ag e ts 

ostl  Fa s  [ ]. 

O e e p essio  of HER  also efe ed to as HER / eu o  E B , a  kDa o oge e e epto , 
o u s i  - % of i asi e east a d o a ia  a i o as, as ell as so e othe  
ade o a i o as, he eas its e p essio  i  o al tissues is ge e all  lo . High e p essio  le els 
of HER  a e usuall  asso iated ith poo  p og osis i  patie ts, si e it is i ol ed i  the 
sti ulatio  of ell p olife atio  a d a gioge esis, i hi itio  of apoptosis a d de elop e t of 

etastasis [ ]. The efo e, o ada s it is idel  e ploited as io a ke  a d the apeuti  ta get i  
HER  positi e east a e . HER  elo gs to the t osi e-spe ifi  p otei  ki ase fa il , the 
epide al g o th fa to  e epto  EGFR  fa il , ep ese ted  fou  EGF e epto s: E B , E B , 
E B  a d E B , also alled HER , HER , HER  a d HER , espe ti el  [ ]. HER e epto s a e 
t a s e a e p otei s ith pa tial ho olog  that o all  egulate se e al ellula  espo ses, 
like o al ell g o th a d su i al, as ell as adhesio , ig atio , diffe e tiatio . The  a e 
o posed of a  e t a ellula  liga d- i di g do ai  a d a toplas i  egio  ith e z ati  

a ti it  e ept fo  HER , joi t  a t a s e a e do ai . Su h st u tu e e a les the 
t a s issio  of sig als a oss the plas a e a e ith su se ue t a ti atio  of ge e 
e p essio , leadi g to a ious ellula  espo ses. Spe ifi all , i  HER  the e t a ellula  egio  is 
o posed   a i o a ids a d is di ided i  fou  do ai s I-IV  [ ]. 

Whe  HER e epto s a e isolated as o o e s the  a e i a ti e , hi h ea s that the e is ot 
sig al-t a sdu i g t osi e ki ase a ti it , hilst upo  liga d i di g the  a ti ate a d asso iate 
i  eithe  ho odi e s e.g. HER -HER  o  hete odi e s e.g. HER -HER . The te de  of 
fo i g di e s is due to the highe  sta ilit  of the o ple  et ee  a liga d a d t o e epto s. 
O e a ti ated, phospho latio  of the t osi e ki ase do ai  o u s, i du i g sig al-
t a sdu tio  as ades hi h p o ote ellula  p olife atio  a d su i al. Se e al diffe e t liga ds 
ha e ee  des i ed, i ludi g EGF-like ole ules, t a sfo i g g o th fa to  TGF -α a d 

eu eguli s, ut o e is spe ifi  fo  HER . I  o t ast to the othe  HER e epto s, the e t a ellula  
do ai  of HER  a  assu e a fi ed o fo atio  ese li g a liga d-a ti ated state, pe itti g 
the di e izatio  e e  i  a se e of a liga d. Re epto  o e e p essio  o  utatio  a  also i du e 
di e izatio  of HER  [ ]. I  additio , HER  has the apa ilit  of edu i g the ate of liga d 
disso iatio  f o  the othe  EGFR of the pai  a d the efo e is espo si le fo  st o ge  a d o e 
p olo ged a ti atio  of the sig alli g et o k. Fo  these easo s, HER  is the ajo  pa t e  fo  
EGFRs di e s fo atio  [ ] e ause it p o ides o e sta le a d pote t hete odi e i  
o ple es ith espe t to those i ol i g othe  EGFRs. The ost pote t a d p edo i a t 
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o i atio  i  a i o a ells is HER -HER . HER  hete odi e s u de go e do tosis at a lo e  
ate tha  EGFR ho odi e s, e ai i g fo  a lo ge  ti e at the ell su fa e a d o e i te alized 

the o ple  is ta geted fo  e li g, he eas EGFR ho odi e s a e desti ed fo  deg adatio . 

T astuzu a  a  i d ith high affi it  to HER , e e  though the o e all e ha is  ehi d its 
the apeuti  effe t is still ot o pletel  u de stood, ut ultiple p o esses see  to e i ol ed. 
T astuzu a  i di g site is lo ated i  the e t a ellula  po tio  of HER , spe ifi all  i  a egio  of 
do ai  IV that is o upied  the do ai  II fi ge -like p oje tio  i  the othe  HER e epto  of the 
o ple  [ ]. The a tige -a ti od  i te a tio s i ol ed a e ai l  ele t ostati  a d 

h d opho i . Re e tl , De et al. e ie ed Tastuzu a  e ha is  of a tio , epo ti g th ee 
di e t effe ts ediated  its i te a tio  ith HER  [ ]. Fi st, it i hi its the liga d-i depe de t 
HER –HER  hete odi e izatio  o u i g u de  o ditio s of HER  o e -e p essio , he eas it 
has little i pa t o  the liga d-i du i le asso iatio  of these e epto s. Mo eo e , it p e e ts the 
p oteol ti  lea age of the HER  e t a ellula  do ai  a d the e  the fo atio  of the a ti e 
p HER  f ag e t e a e- ou d phospho lated e a t f ag e t, still a le to a ti ate 
sig al-t a sdu tio  path a s . Additio all , T astuzu a  d i es the a ti od -depe de t ellula  

toto i it  ADCC  to a d HER -positi e tu o s  F - ediated e uit e t of i u e effe to  
ells that e p ess F  e epto s F Rs  o  thei  su fa e. The o i atio  of these effe ts t igge s 

the do - egulatio  of the sig ali g path a s elated to HER  di e izatio . 

The a ilit  of T astuzu a  to i d ith high affi it  to HER  is st o gl  o elated ith its 
the apeuti  effi a . E e  s all ha ges i  the a tige  st u tu e a  ha e a g eat i pa t o  the 
st e gth of i te a tio . It is epo ted that the loss of a si gle h d oge - o d at the i te fa e 

et ee  the a ti od  a d the e epto  is espo si le fo  a -fold edu tio  of the i di g 
effi ie . Thus, HER  st u tu e a  pla  a  i po ta t ole o  the de elop e t of a ui ed 
esista e to T astuzu a  t eat e t [ ].  

I  the p ese t o k, the Fa ’ f ag e t of T astuzu a  as e plo ed as spe ifi  liga d fo  a ti el  
ta geti g do o u i i , a he othe apeuti  age t, e apsulated i side PEG lated liposo es to 
a e  ells o e e p essi g HER  e epto . 

 

.  DOXORUBICIN 

Do o u i i  DXR , sold u de  the t ade a e of Ad ia i , is a  a ti a e  d ug that elo gs 
to the a th a li e a ti ioti s lass a d is a -h d o lated de i ati e of dau o u i i , the ost 
a u da tl  atu al p odu t isolated f o  St epto es peu etius a . aesius . I  the s it 

as i t odu ed i to the li i  use a d si e the  has p o ed to e a o g the ost effe ti e 
a ti a e  d ugs used to t eat a ide a ge of solid tu o s a d he atopoieti  alig a ies, 
e ei i g FDA app o al i  . Do o u i i , i deed, is i di ated i  the t eat e t of a  hu a  
a e s, i ludi g east, o a ia , lu g, ladde , th oid, li e , a d gast i  a e s; Hodgki ’s a d 
o -Hodgki ’s l pho as; Wil ’s tu o ; soft-tissue sa o a; eu o lasto a; a ute 

l pho lasti  leuke ia [ ].  
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The d ug ole ule possesses a pla a  agl o i  st u tu e, o p ised of a tet a li  i g ith 
ui i e-h d o ui o e adja e t g oups, atta hed  a gl osidi  o d to a -a i o- , , –

t ideo -L-fu os l suga  esidue, k o  as dau osa i e Figu e . . 

 
Figu e . : The he i al st u tu e of do o u i i . 

 

A th a li e a ti ioti s e e t thei  toto i  effe ts th ough se e al p oposed e ha is s [ ] 
Figu e . , ai l  i te fe i g ith e z es i ol ed i  DNA epli atio  a d i fli ti g thei  

a tio  ega dless of hat ell le phase the ell is i , though p efe i g itoti  ells. Fi st, DXR 
is k o  to i te alate the DNA due to its pla a  agl o i  st u tu e hi h allo s fo  d ug 
a o odatio  et ee  DNA ase pai s, the e  i hi iti g oth DNA a d RNA pol e ase a d 
ulti atel  easi g DNA epli atio  a d RNA t a s iptio . This p o ess o u s as DXR e te s the 
ell th ough diffusio  usi g its high i di g affi it  to the toplas ’s p oteaso e S su u it . 

O e the o ple  is t a slo ated i to the u leus, the d ug disso iates f o  the p oteaso e a d 
i ds to the DNA, tha ks to its highe  affi it  fo  u lea  DNA o e  the p oteaso e. The a ou t 

of DXR ithi  the u leus a  ea h a satu atio  le el of  µ , oughl  o espo di g to o e 
ole ule of d ug ei g i te alated at e e  fifth ase pai  o  the DNA st a d. The f ee 

i t a ellula  do o u i i  left % of total i t a ellula  d ug  is e uall  dist i uted i dis i i atel  
a o g the othe  o ga elles Golgi appa atus, l soso es a d ito ho d ia . Re e tl  it as 
epo ted that do o u i i  a  i te alate also ito ho d ial DNA.  

A othe  p oposed e ha is  is DXR i di g to DNA-asso iated e z es, su h as topoiso e ase 
I a d II, esulti g i  dou le-st a d DNA eaks du i g DNA epli atio  a d the efo e sti ulatio  
of a a ge of toto i  a d a tip olife ati e effe ts. The apoptosis path a  is t igge ed he  the 
atte pts to epai  the DNA fail a d ellula  g o th is i hi ited at phases G  a d G . A othe  

e ha is  att i uted to do o u i i  a tio  i ludes the ge e atio  of f ee adi als, hi h fu the  
p o okes DNA da age, i hi itio  of a o ole ule p odu tio , DNA u i di g/sepa atio  a d 
i ease i  alk latio . Fi all , do o u i i  a  affe t a d i te a t ith the ell a d ito ho d ial 

e a e  i di g to p otei s espo si le fo  e z ati  ele t o  edu tio  of DXR, ith 
su se ue t fo atio  of highl  ea ti e spe ies of h d o l f ee adi als. The effe t of these f ee 
adi als akes do o u i i  a pote t a ti a e  d ug, effi a ious agai st a ious fo s of a e , 

though these sa e e ha is s a e espo si le fo  the da ge ous side effe ts a d to i it  eli ited 
 the d ug’s use, due to the la k of spe ifi it  agai st tu o  ells. 
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Figu e . : P oposed e ha is s of a tio  od do o u i i . 

 

I  a e  t eat e t do o u i i  is ad i iste ed i t a e ousl  as si gle age t -  g/  
e e   eeks, o  i  o i atio  ith othe  he othe apeuti  age ts -  g/  e e  -  

eeks. Upo  i je tio  the d ug sho s a t iphasi  plas a lea a e, o p isi g a apid i itial 
phase of dist i utio  -  i , i  hi h do o u i i  is eadil  take  up  tissues, a d a te i al 
half-life of –  h. A u ulatio  o u s ostl  i  the li e , likel  due to the o ga ’s ole i  

eta olis . The ajo  eta olite of do o u i i  is do o u i i ol, o tai ed f o  a t o-ele t o  
ste eospe ifi  edu tio  of the keto e i  C- , fo i g a se o da  al ohol. Both do o u i i  a d 
do o u i i ol - % ou d to plas a p otei s  a  u de go diffe e t eta oli  ea tio s e.g. 
h d ol ti  gl osidi  a d edu ti e lea age, O-sulfatio , O-de eth latio  a d O-
glu u o idatio , leadi g to the fo atio  of additio al eta olites. Despite its high pe et ati g 
po e  i to tissues, DXR a ot pass th ough the lood– ai  a ie ; fu the o e, its 
o e t atio  i  o e a o  a d hite lood ells is –  ti es highe  tha  i  the plas a. 

The e etio  of the d ug is ediated  the hepato ilia  path a  a d is o all  i  the a ge 
of –  l/ i / : % of the d ug is e eted i  the ile, usuall  ithi  -  da s afte  
t eat e t, hilst o l  - % i  the u i e % as do o u i i ol . Afte   h, i stead, -  % of 
the d ug is eli i ated th ough the fae es, ea hi g the % afte   h. 

A th a li es a e asso iated ith se e al ultidi e tio al toto i  effe ts, the ost p o i e t 
ei g a dioto i it . Du i g the s, ea l  li i al t ials sho ed i  phase II a d III studies 
o o  side effe ts of a ute o iti g a d ausea, u ositis, gast oi testi al p o le s, alope ia, 

u i e dis olo atio , a d distu a es to the eu ologi al s ste  e.g. hallu i atio s a d light-
headed ess . The easo  ehi d these side effe ts esides i  the la k of spe ifi it  of the d ug 
agai st a e  ells, ausi g othe  ell t pes i  the od  ei g affe ted. The se e it  a d 
o u e e of these effe ts depe ds o  the dosage, like u ulati e dose-depe de t a dioto i it  
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as ell as othe  tissue to i ities su h as eph opath , tissue e t a asatio , a d t-AML the ap -
elated a ute eloid leuke ia .  

The ost i po ta t side-effe t of DXR the ap  is a dioto i it , hi h a  e eithe  a ute, 
o u i g du i g o  sho tl  afte  the t eat e t, o  h o i , de elopi g ithi  a ea  ea l -o set  
o  e e  se e al ea s afte  the o pletio  of the the ap  late-o set  [ ]. A ute a dioto i it  is 
usuall  e e si le a d a agea le, f e ue tl  asso iated ith a h th ias. Ch o i  
a dioto i it , i stead, is ep ese ted  a dio opath  a d o gesti e hea t failu e CHF , ith 

% of i ide e he  the u ulati e dose is  g/ , ea hi g % at the u ulati e dose 
of  g/ . The ai  pathologi  a ifestatio  asso iated to h o i  a dioto i it  a e 
a dio o te dege e atio  h pe t oph , i te stitial fi osis a d left e t i ula  o t a tile 

d sfu tio . Se e al h potheses o  the e ha is s leadi g to a dioto i it , i ludi g 
do o u i i - ediated ge e atio  of ea ti e o ge  spe ies ROS , alte ed al iu  ho eostasis, 
i pai ed ge e a d p otei  e p essio  a d ito ho d ia d sfu tio , ha e ee  fo ulated. 
P esu a l , these o ditio s ight esult i  a dio o te depletio  th ough apoptosis o  

e osis. 

It is epo ted that esista e e ha is s ight o set upo  do o u i i  t eat e t, i ludi g 
gp -depe de t MDR, de eased e p essio  o  utatio s of topoiso e ase II, a d i eased 
e p essio  of sulfh d l e z es e.g., glutathio e a d glutathio e-depe de t e z es  [ ]. 

 

. .  Doxorubicin formulations on the market and in clinical development  

D ug deli e  s ste s loaded ith a th a li es al ead  p ese t o  the a ket, as ell as those 
u de  li i al de elop e t, ai  at edu i g the ell-k o  side effe ts o elated to thei  use as 
a ti a e  age ts, pa ti ula l  the a dioto i it . 

M o et® is a DXR-loaded o -PEG lated liposo al fo ulatio  a ufa tu ed  Ela  
Pha a euti als P i eto , Ne  Je se , app o ed i   i  Eu ope fo  the a age e t of 

etastati  east a e  i  o i atio  ith lophospha ide. The pa ti le size of liposo es is 
a out   a d the  ould p o ide lo ge  i ulati g half-life i  lood as o pa ed ith the 
f ee d ug. Pha a oki eti  studies p o ed that f ee do o u i i  had a  eli i atio  half-life t½β  
of .  h a d a  a ea u de  the plas a o e t atio -ti e u e AUC  of .  g h/ l, o pa ed 
to the -  h a d  g h/ l fo  M o et®. This fo ulatio , though, te ds to edu e d ug- elated 
to i it  e.g. a dioto i it  athe  tha  to e ha e a titu o  effi a . I  a phase III o pa iso  
stud  of f ee DXR ith M o et®, patie ts t eated ith M o et® had lo  i ide e of a dia  
e e ts % s % , u ositis/sto atitis . % s . % , a d ausea/ o iti g . % s . %  
[ , ].  

The i t odu tio  of liposo e PEG oati g sig ifi a tl  i p o ed the pha a oki eti  p ofile, 
p olo gi g the i  i o i ulatio  ti e a d the tu o  deli e . PEG lated liposo al do o u i i , 
sold u de  the t ade a e Do il® USA  o  Cael ® Ca ada, Eu ope , as app o ed i    
FDA a d i    EMA fo  the t eat e t of o a ia  a d east a e , ultiple elo a a d 
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AIDS- elated Kaposi’s sa o a afte  the failu e o  i tole a e to p io  s ste i  he othe ap . 
Do il® is ha a te ized  a  eli i atio  half-life of -  h a d a  AUC of  g h/ l. A Phase 
III t ial of Do il® de o st ated a edu tio  of a dioto i it  . % s . % , eut ope ia % s 

% , o iti g % s % , a d alope ia % s %  [ , ]. Do il® liposo es -   
a e o posed of high phase-t a sitio -te pe atu e T  phospholipid h d oge ated so  
phosphatid l holi e HSPC , holeste ol a d N- a o l- etho pol eth le e gl ol - , -
distea o l-s -gl e o- -phosphoetha ola i e sodiu  salt PEG -DSPE  i  a ola  atio of 

: : . Opti u  p opo tio  of holeste ol a d HSPC p o ides a o -fle i le ila e  at °C a d 
elo . Like i  M o et®, the e apsulatio  of the a ti a e  d ug ithi  the a o a ie  p e e ts 

its ioa aila ilit  at a dia  us le ells a d the o a diu , thus edu i g a dioto i it . 

Lipo-do ® TTY Biopha  Co pa  Ltd, Taipei Tai a  is the se o d ge e atio  of PEG lated 
liposo al do o u i i , o posed of distea o lphosphatid l holi e DSPC  a d holeste ol. DSPC, 

hi h has t o o pletel  satu ated fatt  a ids oth stea i  a ids , is ha a te ized  high phase-
t a sitio  te pe atu e T = °C , p o idi g highe  sta ilit  o pa ed ith othe  phospholipids 
o tai i g u satu ated fatt  a id e.g. egg phosphatid holi e, PC  o  fatt  a ids of sho te  o  ot 

u ifo  a o  hai s, like HSPC. A phase I li i al stud , e ealed that Lipo-do ® a hie ed the 
ost p olo ged i ulatio  half-life  hou s . Ho e e , o diffe e es i  su i al et ee  f ee 

DXR a d Lipo-do ® i  a u i e B- ell l pho a odel e e o se ed. Neut ope ia, sto atitis 
a d ski  to i it  e e epo ted i  a  ases of Lipo-do ® ad i ist atio . Mo eo e , sto atitis 

e a e the e  dose-li iti g to i it  of PEG lated liposo al do o u i i , appea i g at doses of 
 g/  a d ea hi g dose li it at  g/ , he eas Do il ea hed dose li it at  g/ .  

Se e al do o u i i  liposo al fo ulatio s a e u e tl  u de  li i al t ials [ ]: 

 The odo ® Celsio  Co po atio : the ose siti e liposo es hi h e hi it te pe atu e-
depe de t elease of e apsulated d ug s , o e the lo al tissue te pe atu e is ele ated to 

 °C  adiof e ue  a latio . Appli atio  of lo al h pe the ia also auses leakage of 
lood essels ithi  tu ou s, the e  i easi g a u ulatio  of liposo es i  the tu ou . 

This fo ulatio  phase III li i al t ial  uses l solipid the all  se siti e liposo e LTSL  
te h olog  to e apsulate do o u i i  fo  the t eat e t of a ious solid tu ou s, allo i g 

 ti es g eate  o e t atio  of the d ug i  the ta get a ea tha  i. . t eat e t of f ee o  
e apsulated-DXR. The odo ® is ai l  i di ated fo  the t eat e t of hepato ellula  
a i o a a d e u i g hest all east a e . 

 MCC- : i u oliposo es fo  the t eat e t of etastati  sto a h a e , o posed of 
DPPC, holeste ol a d alei idated pal ito l phosphatid l etha ola i e a d tagged ith 
PEG a d the F a ʹ  f ag e t of hu a  o o lo al a ti od  GAH. 

 B - , PEG lated do o u i i  liposo es that ta gets patie ts ith ai  etastases a d 
de eloped ased o  glutathio e PEG latio . Glutathio e e ha es the deli e  of 
e apsulated oiet  a oss the lood ai  a ie  BBB . The te h olog  ehi d the 
de elop e t of B -  is te ed G-te h olog , hi h allo s the e apsulatio  of a ious 

ole ules i.e. high a d lo  MW d ugs, h d ophili  a d lipophili  o pou ds  ithout a  
odifi atio s of the pa load. 
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.  MATERIALS AND INSTRUMENTS 

PEG kDa-DSPE, PEG kDa- DSPE  a d PEG kDa- DSPE  e e p e iousl  s thesized i -house. 
PEG kDa-NHS a d Bo -PEG kDa-NHS e e o tai ed f o  I is Biote h G h Ma kt ed itz, 

Ge a , he eas MAL-PEG kDa-DSPE, h d oge ated so ea  phosphatid l holi e HSPC  a d 
, -Distea o l-s -gl e o- -phosphoetha ola i e DSPE  f o  Nof Co po atio  Tok o, Japa . 

Choleste ol, i stead, as p o ided  Sig a-Ald i h s. .l. Mila , Ital . 
N-su i i id l- - -p id ldithio -p opio ate SPDP  a d N- β- alei idop op lo su i i ide 
este  BMPS  e e pu hased f o  P oteo he  Lo es Pa k, IL, USA . Do o u i i  as a ui ed 

 CEC PX Pha  Ltd. East ou e, East Susse , U ited Ki gdo  a d T astuzu a  as ought 
as o e ial fo ulatio  He epti  a aila le i  the pha a  dist i utio . 
All eage ts i ludi g salts a d sol e ts e e a ui ed f o  Sig a-Ald i h s. .l. Mila , Ital , like 
i o III  hlo ide he ah d ate a d a o iu  thio a ate used fo  lipid o te t ua tifi atio , 
t ifluo oa eti  a id, si api i  a id, D O, CDCl , isop opa ol, hlo ofo , etha ol, a o iu  
sulfate, sodiu  azide, t ito  X-  fo  liposo e dis uptio , t ieth la i e, stea i e, et . 

A ueous solutio s e e filte ed ith Millipo e .   ellulose a etate filte  Bille i a, MA USA . 
Met ho  He isau, S izze a   Basi  Tit i o as used fo  pH easu e e ts. Sol e ts a d 

uffe s e e so i ated i  a B a so -E e so   Ult aso i  Clea e  Da u , CT, USA . 
O ga i  sol e ts e e e o ed u de  a uu  usi g a Bu hi R II Rota apo  Fla il, S itze la d . 
Sa ples e e l ophilized eithe  usi g a Hetossi  HETO l ophilizato  Alle ød, De a k  o  a 
Ce t iVap Be htop Va uu  Co e t ato s La o o, Ka sas Cit , MO, USA  o e ted to a 
Heto ooli g t ap.  
Mass spe t a e e o tai ed ith a  A  S ie   Plus MALDI TOF/TOF i st u e t F a i gha , 
MA, USA , a  Applied Bios ste s Ma i e  ESI–TOF i st u e t Mo za, MI, Ital  o  a Xe o G -S 
Q-Tof i st u e t Wate s Co po atio , Milfo d, MA, USA . NMR spe t a e e a ui ed usi g a 
B üke  A a e  spe t o ete  Rhei stette , Ge a  ope ati g at  MHz.  
AKTA pu ifie  GE Health a e, Uppsala, S ede  as used fo  h o atog aphi  pu ifi atio s  
gel filt atio  o  a Supe ose®  /  GL olu  p o ided  GE Health a e USA . Mi o-BCA 
a d BCA P otei  Assa  Kit fo  p otei  ua tifi atio  e e pu hased f o  Sig a-Ald i h s. .l. 
Mila , Ital . P e ast gels fo  SDS-PAGE e e o tai ed f o  The o Fishe  S ie tifi  Waltha , 

MA, USA  a d Bio-Rad Mila , Ital . 

Liposo es e e e t uded usi g a LiposoFast Basi  e t ude  pu hased f o  A esti  Eu ope G H 
Ma hei , Ge a  th ough What a ® Nu lepo e T a k-Et hed Me a es ade of 

pol a o ate - - -   po e size  a ui ed f o  Sig a-Ald i h s. .l. Mila , Ital . 
Liposo es h d od a i  olu e as assessed  Mal e  I st u e t Ltd. Zetasize  Na o ZS 
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appa atus Wo este shi e, U ited Ki gdo . Liposo al fo ulatio s e e h o atog aphed o  
PD-  Desalti g Colu s o tai i g Sephade  G-  esi , o tai ed f o  The o Fishe  S ie tifi  
Waltha , MA, USA , o  o  olu s o tai i g Sepha ose CL- B oss-li ked esi  a ui ed f o  

Sig a-Ald i h s. .l. Mila , Ital . Liposo es e e o se ed o  a Te ai G  FEI  t a s issio  
ele t o  i os ope ope ati g at  kV a d i ages e e aptu ed ith a Veleta Ol pus Soft 
I agi g S ste  digital a e a. 
P otei  solutio s a d liposo es suspe sio s e e o e t ated upo  e t ifugatio  o  A i o  
Ult a-  e t ifugal de i es o  Pie e P otei  Co e t ato s PES pu hased  The oFishe  
S ie tifi  Waltha , MA, USA  a d Sig a-Ald i h s. .l. Mila , Ital . Sa ples e e e t ifuged 
usi g a D  High Speed Mi o-Ce t ifuge S iloge  LLC, Ro k  Hill, CT, USA  o  a So all™ ST  
Ce t ifuge The o S ie tifi . Spe t ophoto et i  UV-Vis dete i atio s e e ade o  a 
The o S ie tifi  E olutio   spe t ophoto ete  Waltha , MA, USA , he eas fluo es e e 

easu e e ts e e pe fo ed o  a FP-  Jas o spe t ofluo o ete . 
Fe ale Sp ague Da le  ats fo  pha a oki eti s e e o tai ed f o  Cha les Ri e  La o ato ies 
I te atio al Wilg i to , MA, USA . 

SV Total RNA Isolatio  S ste  kit  P o ega Co po atio  Madiso , USA  a d O e Step Solutio  
SYBR P i eS ipt RT-PCR kit II Taka a, Japa  e e used fo  RNA e t a tio  a d a plifi atio . The 
ge e e p essio  ua tifi atio  as pe fo ed o  a E oTM Real-Ti e PCR s ste . 
D-MEM a d the othe  ell ultu e eage ts e e o tai ed f o  Gi o-The oFishe  S ie tifi  
Waltha , MA, USA . No fat d  ilk, a it pol lo al Caspase  a ti od  # , a it 

pol lo al Clea ed Caspase  Asp  a ti od  #  fo  este  lot a al ses e e 
pu hased f o  Cell Sig ali g Te h olog  Da e s, Massa husetts, USA , he eas o o lo al 

eta-A ti  a ti od  f o  Sig a-Ald i h s. .l. Mila , Ital . A e sha  ECL Plus Weste  Blotti g 
Dete tio  S ste  GE Health a e Eu ope G H, Mila , Ital  as used fo  p otei  stai i g a d 
the he ilu i es e e as easu ed ith Fusio  Solo S i st u e t Vil e  Lou at .  
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.  PRELIMINARY STUDIES 

P eli i a  studies e e pe fo ed o  supe  stealth liposo es fo ulated ith PEG kda 
de d o  de i ati es, p e iousl  s thesized i -ho e a d o jugated to eithe   o   ole ules of 
distea o lphosphatid letha ola i e DSPE . The ai  as to assess hethe  the o tai ed 
ste i all  sta ilized liposo es e e e do ed ith the est featu es i  te  of ph si al sta ilit  
a d eside e ti e i  the loodst ea . 

 

. .  Liposome preparation 

Liposo es e e p epa ed  thi  la e  e apo atio  TLE  te h i ue. B iefl , the lipid i tu e as 
dissol ed i   l of CHCl :MeOH :  /  i  a ou d- otto  flask, follo ed  e o al of the 
o ga i  sol e ts  ota  e apo atio , ith fo atio  of a lipid fil , a d o/  d i g u de  

a uu . The lipid i tu e of o e tio al liposo es CL  as o posed of h d oge ated 
so ea  phosphatid l holi e HSPC, MW  Da  a d holeste ol CHOL, MW  Da  i  a :  
HSPC:CHOL ola  atio. PEG lated fo ulatio s i luded % o  % ol of PEG kDa- DSPE , 
p o idi g eithe  stealth liposo es SL  o  supe  stealth liposo es SSL , = ° of DSPE ole ules 

 o   atta hed to PEG . The lipid fil  as eh d ated fo   hou  at - °C usi g Rota apo ® 
ithout a uu  ith -  l of  M a o iu  sulphate pH . . The o tai ed liposo al 

suspe sio  as ho oge ized  epeated f eeze a d tha  les, follo ed  sto age at °C fo  
 i utes, so i atio  at °C fo   i utes a d su se ue t hot e t usio  °C  th ough 

pol a o ate filte s of de easi g po e size - - -  . Liposo es ea  size as 
assessed  d a i  light s atte i g DLS  easu e e ts as epo ted i  se tio  . . . 
The e te al uffe  as e ha ged ith PBS pH .   gel filt atio  o  PD-  desalti g olu s 

o tai i g Sephade ® G-  ediu , thus eati g a pH g adie t a oss the ila e . 
Liposo es o e t atio  as dete i ed  Ste a t assa , des i ed i  se tio  . . . 

 

. .  Dynamic Light Scattering DLS  measurements 

DLS as used to assess liposo es ea  size a d pol dispe sit  i de  PdI . 
Sa ples of ea h liposo al fo ulatio  e e app op iatel  diluted a d a al zed setti g the 
i st u e t as follo s: 

 ethod: a ual easu e e t; 
 ate ial: liposo es; 
 dispe da t: ate  a °C; 
 e uili atio  ti e:  se ; 
 a ks atte  a gle: °; 
 a al sis ode:  easu e e ts  u s ea h ith a du atio  of  se o ds .  
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The esi les ea  h d od a i  olu e a d the fo ulatio  pol dispe sit  e e dete i ed 
ased o  the a e age of the  easu e e ts. 

 

. .  Stewart assay for the quantification of lipid content 

The ua tifi atio  of the lipid o te t of ea h liposo al fo ulatio  as pe fo ed a o di g to 
Ste a t assa  [ ], hi h is ased o  the a ilit  of phospholipids to fo  a olo ed o ple  ith 
a o iu  fe othio a ate. Spe ifi all , he  a hlo ofo  solutio  of phospholipids is i ed 

ith a  a ueous solutio  of a o iu  fe othio a ate t o phases a e ge e ated, ith the 
olo ed o ple  fo i g i  the o ga i  phase. The olo  i te sit  of the o ple  is p opo tio al 

to the lipid o te t i  the solutio . The ad a tage of this ethod is that, u like Ba tlett assa , the 
p ese e of i o ga i  phosphate does ot i te fe e ith this assa  a d the efo e PBS uffe  o  
othe  phosphate- ased uffe s a  e used.  
The eage t is o tai ed  i i g .  g of FeCl  ·  H O a d .  g of NH SCN up to  L of illiQ 

ate  a d this solutio  is sta le fo  se e al o ths. 
The assa  as a ied out diluti g a s all ali uot of liposo es i to  l of CHCl  i   l tu es 
a d addi g  l of eage t a o iu  fe othio a ate. Afte  i i g fo   se o ds ea h tu e 
a d e t ifugi g  i utes at  p , the lo e  o ga i  phase as su je ted to UV-Vis 
spe t ophoto et i  easu e e t at  . The lipid o e t atio  of ea h sa ple as 
e t apolated usi g a ali atio  u e p epa ed sta ti g f o  a sta da d solutio  of .  g/ l 
HSPC i  hlo ofo , as epo ted i  Ta le . . 

 

 
Ta le . : P epa atio  of the ali atio  u e. *  al ulated ith espe t to the o ga i  phase. 

Sta dard solutio  
.  g/ l  Chlorofor  Reage t 

ferrothio a ate  Fi al o e tratio  *  

 l  l  l  g/ l 

.  l .  l  l .  g/ l 

.  l .  l  l .  g/ l 

.  l .  l  l .  g/ l 

.  l .  l  l .  g/ l 

.  l .  l  l .  g/ l 

.  l .  l  l .  g/ l 
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. .  Long-term stability studies 

I  it o sta ilit  studies e e pe fo ed  e aluati g the ho oge eit  of the liposo al 
suspe sio s o e  ti e, oth i  te  of esi les ea  size a d pol dispe sit . 

Sa ples of ea h e pt  liposo al fo ulatio   µl,  M  o tai i g . % /  NaN  e e 
sto ed at °C fo   o ths. DLS easu e e ts e e pe fo ed at fi ed ti e poi ts, as epo ted 
i  se tio  . . , to assess liposo es ea  size h d od a i  olu e  a d pol dispe sit  i de  
PdI  a d e aluate the o e all ph si al sta ilit  of the fo ulatio . 

 

. .  In vitro stability experiments in presence of a detergent 

I  it o sta ilit  as also assessed pe fo i g a tit atio  ith T ito  X-  Figu e . , a o -io i  
su fa ta t o posed of a h d ophili  pol eth le e o ide hai  a d a  a o ati  h d o a o  
lipophili  g oup. Tha ks to its a phiphili  atu e it is a le to i te a t ith the liposo e ila e , 

 alte i g its st u tu e a d ausi g, a o e a e tai  o e t atio , its dis uptio  ith fo atio  
of agg egates a d i ed i elles. 

 

Figu e . : St u tu e of T ito  X- . 

 

The e pe i e ts e e a ied out o  e pt  liposo al fo ulatio s,  additio  of .  l of T ito  
X-   M  to sa ples of ea h liposo al suspe sio   M  e e   i utes. The 
di e sio s of liposo es e e e aluated  DLS easu e e ts o e  the ti e as i  se tio  . . .  

 

. .  Doxorubicin loading 

Liposo es olle ted afte  uffe  e ha ge th ough PD-  desalti g olu  p ese ted a idi  
a ueous ediu  i side a o iu  sulfate pH .  a d eut al e te al ediu  PBS pH . . 
This t a s e a e pH g adie t as e ploited to e apsulate the odel d ug, do o u i i  DXR, 
MW  Da , follo i g the e ote loadi g te h i ue [ - ], as illust ated i  Figu e . .  
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Figu e . : Re ote loadi g of do o u i i . 

 
 
B iefl , the total a ou t of DXR as p e iousl  dissol ed i  . % /  NaCl  sti i g at °C, 
follo ed  i u atio  ith e pt  liposo es usi g  g of DXR e e   µ ol of HSPC a d 
sti i g fo   i utes at °C. F ee do o u i i  as the  e o ed  gel-filt atio  o  a PD-  
desalti g olu , eluti g i  PBS pH .  a d the i teg it  of the esi les as assessed  DLS 

easu e e ts as epo ted i  se tio  . . . All these steps e e pe fo ed i  da k o ditio s i  
o de  to a oid deg adatio  of light-se siti e DXR. 
The o e t atio  of the e apsulated DXR as dete i ed  spe t ophoto et . A  ali uot of 
d ug-loaded liposo al suspe sio  as p ope l  diluted i  etha ol, esi les e e dis upted  
additio  of % /  of dete ge t T ito  X-  a d su se ue t a so a e easu e e t as 
pe fo ed at   Ɛ  =  M−  ⋅ −  i  etha ol .  
 
The e apsulatio  effi ie  EE%  as al ulated as: 

 

EE% = 
a ou t of e t apped DXR

a ou t of total DXR
 ·  

 

. .  Drug release experiments 

The liposo al elease of DXR as ua tified  the fluo es e e de ue hi g of self-asso iated 
DXR i  liposo es upo  dilutio  outside the liposo es [ ].  

 µl of ea h liposo al fo ulatio   M  e e i u ated fo   hou s at °C, du i g hi h the 
leakage of DXR as i estigated  easu i g the i ease of fluo es e e i te sit  e e   i , 
usi g a fluo o ete  e = ; e = . At the e d of ea h a al sis liposo es e e 
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dis upted  additio  of % /  of  M T ito  X-  to al ulate the % de ue hed DXR total 
DXR . The e pe i e ts e e pe fo ed o  a Jas o FP-  fluo o ete , setti g the a al sis 
o ditio s as epo ted i  Ta le . . 

 

Ta le . : Spe t ofluo o ete  setti gs. 

A al sis  Lo g ti e- ou se easu e e t 

Duratio    i utes 

Data pit h   i utes 

e itatio     

e issio     

Ba d ith e itatio     

Ba d ith e issio     

Se siti it   Mediu  

Respo se   .  se  

I ter al te perature  
peltier  

 °C 

 
 

. .  In vivo studies 

. . .  Ethics statement 

The stud  p oto ol as app o ed  the Ethi s Co ittee of the U i e sit  of Pado a a d the 
Italia  Mi ist  of Health Autho izatio  o. / -PR o tai ed o  O to e  , , a d 
a i als e e ha dled i  o plia e ith atio al Italia  Legislati e De ee /  guideli es 
a d a o di g to the Guide fo  the Ca e a d Use of La o ato  A i als   the Natio al Resea h 
Cou il of the Natio al A ade ies. 

 

. . .  Pharmacokinetics in rats 

I  i o pha a oki eti  studies e e pe fo ed usi g the liposo al fo ulatio s ith % ol of 
PEG kda-lipid s  de i ati es a d e e a ied out i  fe ale Sp ague Da le  ats -  g , 

a do l  di ided i  g oups of  ats ea h. A dose of .  g/kg i  DXR of ea h d ug-loaded 
liposo al fo ulatio  CL, SL, SSL , SSL  as ad i iste ed ia tail ei  to the ats p e iousl  
a esthetized ith isoflu a e gas i ed ith O  i  e losed ages . At s heduled ti e poi ts lood 
sa ples ~  l  e e ithd a  f o  the tail, olle ted i to hepa i  t eated tu es a d 
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the eafte  i ediatel  e t ifuged  i    g fo  plas a sepa atio . DXR as e t a ted  
t eati g  l of plas a ith .  l of  M HCl i  isop opa ol to allo  plas a p otei s 
p e ipitatio , i ludi g a % /  of M T ito  X-  fo  liposo es dis uptio . Afte  o/  i u atio  
at °C, sa ples e e e t ifuged  i  at  p  a d the supe ata ts e e a al zed  
fluo o et i  easu e e ts e = ; e = . The o e t atio  of DXR i  ea h plas a 
sa ple as e t apolated th ough a ali atio  u e of sta da ds solutio s of DXR-loaded stealth 
liposo es. The data e e a al zed  appl i g a i o pa t e tal odel usi g PKSol e  .  
soft a e. 

 

 

.  SYNTHESIS OF PEG DENDRON-LIPIDS DERIVATIVES 

T o diffe e t se ies of PEG de d o -lipids de i ati es e e s thetized sta ti g eithe  f o  a 
li ea  PEG kDa-NHS o  a hete o ifu tio al Bo -NH-PEG kDa-NHS Figu e . . 
 

 

Figu e . : Che i al st u tu e of the sta ti g pol e s PEG kDa-NHS a d Bo -NH-PEG kDa-NHS. 

 
 
The N-H d o su i i ide NHS  a ti ated a o l g oup as e ploited fo  the de i atizatio  

ith a a hi g age t, eta-gluta i  a id β-Glu , to a hie e a PEG de d o  st u tu e a d fu the  
o jugate  o   ole ules of distea o lphosphatid letha ola i e DSPE . 

Repeated steps of β-Gluta i  a id de i atizatio  a d a o l g oups a ti atio  e e pe fo ed 
u til the a hie ed a hi g deg ee o se ted the oupli g ith  o   ole ules of DSPE. 
Si e the s thesis steps e e the sa e fo  ea h se ies of o pou ds, the a k o e pol e  as 
add essed as X-PEG kDa-NHS, he e X efe ed to eithe  the te i al etho  oiet  o  te t-

ut lo a o l Bo -p ote ted p i a  a i o g oup of PEG.   

 

. .  Determination of the activation degree of X-PEG k-NHS 

Fi stl , the deg ee of a ti atio  of the sta ti g pol e  as assessed  usi g a spe t os opi  
assa  ased o  the so- alled Gl l-Gl i e Gl -Gl  test. A o di g to this assa  the a ti ated 
PEG as ea ted ith a  e ui ola  a ou t of .  g/ l Gl -Gl  MW .  Da  fo   
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i utes at oo  te pe atu e i  .  M o ate pH . S de  a d So o i ski olo i et i  assa  
[ ] as the  pe fo ed o  the ea tio  i tu e to e aluate the pe e tage of u ea ted 
dipeptide a d, the efo e, to de i e the o espo di g pol e  a ti atio  deg ee. This assa  is 

ased o  the use of , , -t i it o e ze esulfo i  a id TNBS , hi h ea ts stoi hio et i all  ith 
p i a  a i o g oups i  alkali e o ditio s to gi e a t i it ophe l de i ati e h o opho e ith 

a i u  a so ptio  at   Figu e . . 

 

 

Figu e . : Rea tio  et ee  , , -t i it o e ze sulfo i  a id a d a f ee p i a  a i e g oup. 

 

The sa ples e e p epa ed i  t ipli ate a o di g to Ta le .  a d the ea tio s e e i u ated 
fo   i  at oo  te pe atu e efo e eadi g the a so a e at  =   usi g a UV– isi le 
spe t ophoto ete . 
 

 

Ta le . : Sa ples solutio s fo  TNBS assa . 

 Bla k PEG rea tio  i ture P  Gl -Gl  sta dard solutio  G  

 µl .  M o ate pH .  .  M o ate pH .  .  M o ate pH .  

 µl .  M o ate pH .  sa ple P sa ple G 

 µl TNBS TNBS TNBS 

 

The pe e tage of f ee a i o g oups as al ulated as: 

A s  P : A s  G = X :  

he e A s  G is the a so a e of Gl -Gl  efe e e solutio  a d A s  P is the a so a e of 
PEG ea tio  i tu e. The pe e tage of a ti atio  of X-PEG kDa-NHS as al ulated as: 

% a ti atio  =  – X 
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. .  Synthesis of X-PEG-βGlu 

X-PEG kDa-βGlu as o tai ed th ough the ea tio  et ee  the a ti ated a o l g oup of PEG 
a d the a i o g oup of β-gluta i  a id, leadi g to the fo atio  of a  a ide o d Figu e 

. Figu e . . 

 

 

Figu e . : S thesis of X-PEG kDa- βGlu. 

 

X-PEG kDa-NHS as ea ted as epo ted i  Ta le .  ith  e ui ale ts i  e ess to a ti ated -
COOH g oups of PEG  of β-Gluta i  a id βGlu, MW .  Da , p e iousl  dissol ed i  .  M 

o ate uffe  pH . /ACN :  / , at a fi al pol e  o e t atio  of % / . The ea tio  
i tu e as adjusted at pH .  ith t ieth la i e TEA  a d left sti i g o/  at oo  te pe atu e. 

Afte  a idifi atio  at pH .  ith HCl a d e o al of ACN u de  a uu , the p odu t as pu ified 
 e t a tio s ith CH Cl . The o ga i  phase, d ied o e  a h d ous Na SO , as o e t ated  

ota  e apo atio  a d p e ipitated i  old dieth l ethe  u de  sti i g. Afte  -  h at - °C, the 
p e ipitate as filte ed a d d ied u de  a uu  o/ . The fi al p odu t as ha a te ized  H 
NMR spe t os op  to assess the deg ee of βGlu oupli g.  

 

 

Ta le . : Reage ts a ou t a d ield % /  of βGlu oupli g to X-PEG kDa-NHS. a  PEG a ti atio  deg ee. 

PEG de dro -lipids 
deri ati es 

PEG-NHS % a 
[  Da] 

β-Gluta i  a id 
[ .  Da] 

Yield % /  of 
PEG-βGlu [  Da] 

mPEG-DSPE2  g  g % .  g  

mPEG-DSPE   g  g % .  g  
 

 
Bo -NH-PEG-NHS % a 

[  Da] 
β-Gluta i  a id 

[ .  Da] 
Yield % /  of 

Bo -NH-PEG-βGlu [  Da] 

Bo -NH-PEG-DSPE2 
.  g   g % .  g  

Bo -NH-PEG-DSPE  
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. .  Activation of the carboxyl groups of X-PEG kDa-βGlu via NHS/DCC 

The a ti atio  to su i i ide este  of the a o l g oups of X-PEG kDa-βGlu as a hie ed  
additio  of  e ui . of N,Nʹ-di hlohe l a odii ide DCC, MW .  Da  a d .  e ui . of NHS 
MW .  Da , oth i  e ess fo  ea h a o l g oup Figu e . .  

 

 

Figu e . : A ti atio  ia NHS/DCC of the a o l g oups of X-PEG kDa-βGlu to su i i ide este . 

 

The ea tio  as a ied out i  a h d ous CH Cl , a o di g to Ta le . , at a fi al pol e  
o e t atio  of % /  a d sti ed at oo  te pe atu e o/ . The ea tio  i tu e as filte ed 

to e o e the -p odu t di lohe lu ea DCU  a d di e tl  d opped i to old dieth l ethe  
u de  sti i g. Afte  -  h sto age at - °C, the p e ipitate as filte ed a d d ied u de  a uu  
o/ . The e o e ed p odu t, X-PEG kDa-βGlu- NHS , as tested  S de  a d So o i sk  assa  to 
assess the fi al deg ee of a ti atio . 

 

 

Ta le . : Reage ts a ou t a d ield % /  of the a o l g oups a ti atio  of X-PEG kDa-βGlu. 

PEG de dro -lipids 
deri ati es 

PEG-βGlu  
[  Da] 

DCC [ .  Da] 
NHS [ .  Da] 

Yield % /  of 
PEG-βGlu- NHS   

[  Da] 

mPEG-DSPE2 .  g 
 g DCC 

 g NHS 
% .  g  

mPEG-DSPE  .  g 
 g DCC 
 g NHS 

% .  g  

 

 
Bo -NH-PEG-βGlu  

[  Da] 
DCC [ .  Da] 
NHS [ .  Da] 

Yield % /  of 
Bo -NH-PEG-βGlu- NHS  

[  Da] 

Bo -NH-PEG-DSPE2 .  g 
 g DCC 
 g NHS 

% .  g  

Bo -NH-PEG-DSPE  .  g 
 g DCC 
 g NHS 

% .  g  
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. .  Synthesis of X-PEG-βGlu- βGlu  

X-PEG kDa-βGlu- NHS  as fu the  ea ted ith  e ui . of β-Gluta i  a id βGlu, MW .  Da  
ith espe t to a ti ated -COOH g oups of PEG, a o di g to Ta le .  a d as epo ted i  se tio  
. . , ith the pu pose of i easi g the pol e  a hi g Figu e . . The fi al p odu t as 
ha a te ized  H NMR spe t os op  to assess the deg ee of βGlu o jugatio . 

 

 

Figu e . : S thesis of X-PEG kDa-βGlu- βGlu . 

 

 

Ta le . : Reage ts a ou t a d ield % /  of βGlu oupli g to X-PEG kDa- βGlu- NHS . a  PEG a ti atio  deg ee. 

PEG de dro -
lipids deri ati es 

PEG-βGlu- NHS   
[  Da] 

β-Gluta i  a id 
[ .  Da] 

Yield % /  of 
PEG-βGlu- βGlu   

[  Da] 

mPEG-DSPE2 .  g % a  g % .  g  

mPEG-DSPE  .  g % a  g % .  g  
 

 
Bo -NH-PEG-βGlu- NHS   

[  Da] 
β-Gluta i  a id 

[ .  Da] 

Yield % /  of 
Bo -NH-PEG-βGlu- βGlu  

[  Da] 

Bo -NH-PEG-DSPE2 .  g % a  g % .  g  

Bo -NH-PEG-DSPE  .  g % a  g % .  g  

 

 

. .  Activation of the carboxyl groups of X-PEG kDa-βGlu- βGlu  via NHS/DCC 

The a o l g oups of X-PEG kDa-βGlu- βGlu  e e a ti ated to su i i ide este  Figu e .  
th ough the ea tio  ith  e ui . of DCC a d .  e ui . of NHS, oth i  e ess fo  ea h a o l 
g oup, a o di g to Ta le . . The ea tio  as o du ted as e plai ed i  se tio  . .  a d the 
fi al deg ee of a ti atio  as tested  S de  a d So o i sk  assa . 
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Figu e . : A ti atio  ia NHS/DCC of the a o l g oups of X-PEG kDa-βGlu- βGlu . 

 

 

Ta le . : Reage ts a ou t a d ield % /  of the a o l g oups a ti atio  of X-PEG kDa-βGlu- βGlu . 

PEG de dro -
lipids deri ati es 

PEG-βGlu- βGlu   
[  Da] 

DCC [ .  Da] 
NHS [ .  Da] 

Yield % /  of 
PEG-βGlu- βGlu - NHS   

[  Da] 

mPEG-DSPE2 .  g 
 g DCC 
 g NHS 

% .  g  

mPEG-DSPE  .  g 
 g DCC 
 g NHS 

% . g  

 

 
Bo -NH-PEG-βGlu- βGlu  

[  Da] 
DCC [ .  Da] 
NHS [ .  Da] 

Yield % /  of 
Bo -NH-PEG-βGlu- βGlu - NHS  

[  Da] 

Bo -NH-PEG-DSPE2 .  g 
 g DCC 
 g NHS 

%  g  

Bo -NH-PEG-DSPE  .  g 
.  g DCC 

 g NHS 
% .  g  

 

 

. .  Synthesis of X-PEG-βGlu- βGlu - βGlu  

The a hi g of the a ti ated de d o  X-PEG-βGlu- βGlu - NHS  as fu the  i eased to allo  
the follo i g oupli g ith  ole ules of phospholipid Figu e . . The pol e , the efo e, as 
ea ted ith .  e ui . total  of β-Gluta i  a id βGlu , a o di g to Ta le . Ta le . , i  the 

sa e o ditio s as epo ted i  se tio  . . . Fi all , the deg ee of βGlu de i atizatio  of the 
p odu t as assessed  H NMR spe t os op . 



MATERIALS AND METHODS 
 

  

 

 
Figu e . : S thesis of X-PEG kDa-βGlu- βGlu - βGlu . 

 

 

Ta le . : Reage ts a ou t a d ield % /  of βGlu oupli g to X-PEG kDa- βGlu- βGlu - NHS . a  PEG a ti atio  
deg ee. 

PEG de dro -
lipids 

deri ati es 

PEG-βGlu- βGlu - NHS   
[  Da] 

β-Gluta i  a id 
[ .  Da] 

Yield % /  of 
PEG-βGlu- βGlu - βGlu  

[  Da] 

mPEG-DSPE  .  g % a  g % .  g  

 

 
Bo -NH-PEG-βGlu- βGlu - NHS  

[  Da] 
β-Gluta i  a id 

[ .  Da] 

Yield % /  of 
Bo -NH-PEG-βGlu- βGlu - βGlu  

[  Da] 

Bo -NH-PEG-DSPE  .  g % a  g % .  g  

 

 

. .  Activation of the carboxyl groups of X-PEG kDa-βGlu- βGlu - βGlu  via 
NHS/DCC 

The a o l g oups of X-PEG-βGlu- βGlu - βGlu  e e a ti ated to su i i ide este  to ield the 
p odu t X-PEG-βGlu- βGlu - βGlu - NHS  Figu e . ,  ea s of ea tio  ith  e ui . of 
DCC a d .  e ui . of NHS, oth i  e ess fo  ea h a o l g oup. The ea tio  as a ied out 
as e plai ed i  se tio  . .  a d a o di g to Ta le . . The fi al deg ee of a ti atio  of the 
a o l g oups as assessed  S de  a d So o i sk  assa . 
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Figu e . : A ti atio  ia NHS/DCC of the a o l g oups of X-PEG kDa-βGlu- βGlu - βGlu . 

 

 

Ta le . : Reage ts a ou t a d ield % /  of the a o l g oups a ti atio  of X-PEG kDa-βGlu- βGlu - βGlu . 

PEG de dro -
lipids 

deri ati es 

PEG-βGlu- βGlu - βGlu   
[  Da] 

DCC  
[ .  Da] 

NHS 
 [ .  Da] 

Yield % /  of 
PEG-βGlu- βGlu - βGlu - NHS   

[  Da] 

mPEG-DSPE  .  g 
.  g DCC 

 g NHS 
% .  g  

 

 
Bo -NH-PEG-βGlu- βGlu - βGlu  

[  Da] 

DCC 
 [ .  Da] 

NHS 
 [ .  Da] 

Yield % /  of 
Bo -NH-PEG-βGlu- βGlu - βGlu - NHS  

[  Da] 

Bo -NH-PEG-DSPE  .  g 
 g DCC 
 g NHS 

% .  g  

 

 

. .  Distearoylphosphatidylethanolamine DSPE  conjugation to the activated 
carboxyl groups of X-PEG kDa-βGlu- βGlu  or X-PEG kDa-βGlu- βGlu - βGlu  

Fi stl , the p e iousl  s thesized PEG de do s e e ha a te ized  MADI-TOF ass 
spe t os op  a d the  oupled to eithe   o   ole ules of distea o lphosphatid letha ola i e 
DSPE . The o jugatio  o u ed  ea s of ea tio  et ee  the a ti ated a o l g oups of 

PEG a d the a i o g oup of DSPE, leadi g to the fo atio  of a ide o ds Figu e .  a d Figu e 
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. . Diffe e t ola  e esses of DSPE MW .  Da  e e e ploited, depe di g o  the fi al 
PEG de d o -lipids de i ati e that should e a hie ed.  

 e ui . of DSPE as used i  e ess fo  ea h a ti ated a o l g oup to a d hi h the oupli g 
as add essed, a o di g to Ta le . Ta le . . The o l  e eptio  as the fi st s thesized 

de i ati e, Bo -NH-PEG kDa- DSPE , hi h as ea ted ith .  e ui . of DSPE i  e ess fo  ea h 
a ti ated a o l g oup of PEG.  
 
DSPE as dissol ed i  CHCl  at °C, adjusti g the pH et ee  . - .  ith t ieth la i e TEA . 
This solutio  as d opped i to the solutio  of a ti ated PEG de d o , p e iousl  dissol ed i  
CHCl , at a fi al pol e  o e t atio  of % / . The ea tio  as sti ed fo   hou s u de  
eflu  o ditio  at °C pH . - .  a d o ito ed  thi  la e  h o atog aph  TLC  to e if  

the de ease of f ee DSPE f o  the i tu e ea tio  a d the si ulta eous fo atio  of the 
p odu t. The i tu e ea tio  as eluted i   l CHCl :MeOH :  /  +  µl H O  a d stai ed 

ith eithe  iodi e apo s I  fo  PEG isualizatio  o  . % /  i h d i  i  EtOH solutio  fo  DSPE 
isualizatio . The ea tio  i tu e as pu ified as epo ted i  se tio  . . . 

 

 

 

Figu e . : S thesis of X-PEG kDa- DSPE . 
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Figu e . : S thesis of X-PEG kDa- DSPE . 
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Ta le . : Reage ts a ou t a d ield % /  of DSPE oupli g. a  PEG a ti atio  deg ee. 

PEG de dro -
lipids deri ati es 

PEG-βGlu- βGlu - NHS   
[ Da] 

 
Bo -NH-PEG-βGlu- βGlu - NHS  

[  Da] 

DSPE 
[ .  Da] 

Yield % /  of 
X-PEG- DSPE  

mPEG-DSPE2  g % a  g %  g  

Bo -PEG-DSPE2  g % a  g %  g  

 

 

PEG-βGlu- βGlu - βGlu - NHS  
[  Da] 

Bo -NH-PEG-βGlu- βGlu - βGlu - NHS  
[  Da] 

DSPE 
[ .  Da] 

Yield % /  of 
X-PEG- DSPE  

mPEG-DSPE  .  g % a  g % .  g  

Bo -NH-PEG-DSPE   .  g % a  g % .  g  

 

 

 

. .  Removal of unconjugated DSPE 

Se e al app oa hes e e e plo ed to pu if  the u ea ted DSPE f o  the ea tio  i tu e 
o tai i g the p e iousl  s thesized PEG de d o -lipids de i ati es.  

 

a  Pu ifi atio   ea s of lau o l hlo ide.  

This ethod e ploits the o jugatio  of lau o l hlo ide, a satu ated fatt  a id, to f ee u ea ted 
DSPE to i ease its apola  o te t o e  the PEG de d o -lipids de i ati e a d, thus, a hie e a 
sele ti e sepa atio  upo  p e ipitatio  i  o ga i  sol e t. The ea tio  o u s  fo atio  of a  
a ide o d et ee  the a l hlo ide oiet  of lau o l hlo ide a d the p i a  a i o g oup of 
DSPE Figu e . . 

 

 

Figu e . : Coupli g ea tio  et ee  the p i a  a i o g oup of u ea ted DSPE a d the a l hlo ide oiet  of 
lau o l hlo ide. 
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A p eli i a  test as pe fo ed o  a li ea  Bo -NH-PEG kDa-DSPE, p e iousl  s thesized. 
B iefl , Bo -NH-PEG kDa-NHS MW  Da  as ea ted i  eflu  ith .  e ui . of DSPE MW 

.  Da  i  CHCl  at °C at a fi al pol e  o e t atio  of % / , adjusti g the pH at . -
.  ith TEA. The pu ifi atio  as pe fo ed  additio  of .  e ui . ith espe t to the total 

a ou t of DSPE  of lau o l hlo ide MW .  Da, d= .  g/ l  to the ea tio  i tu e, hi h 
as sti ed o/  at °C a d pH . - . . The hlo ofo  solutio  as d opped i to old dieth l 

ethe  a d afte  -  hou s at - °C the p e ipitate as e o e ed  filt atio  a d d ied u de  
a uu  o/ . The p odu t as fu the  dial zed i  a k MWCO float-a-l ze  agai st  M NaCl 

a d the  H O o e  eeke d. The solutio  as f eeze-d ied a d ha a te ized  H NMR 
spe t os op  a d H DOSY NMR spe t os op .  
 

 Pu ifi atio   ea s of p e ipitatio  i  a eto it ile.  

This app oa h e ploits the lo  solu ilit  of DSPE i  a eto it ile to e o e the u ea ted a ou t 
 p e ipitatio  [ ]. Fi stl , a  atte pt as ade o  the ea tio  i tu e of Bo -NH-PEG kDa-

DSPE . Right afte  the o jugatio  of DSPE to Bo -NH-PEG-βGlu βGlu NHS  i  CHCl , as 
epo ted i  se tio  . . , the o ga i  sol e t as e o ed  ota  e apo atio  a d the 

o tai ed fil  as esuspe ded i  ACN at fi al o e t atio  of  g/ l. Afte   hou s at - °C 
the p e ipitate as sepa ated  e t ifugatio  at ᾿  p  a d the supe ata t o tai i g the 
p odu t as olle ted. C les of ashi g ith ACN, sto age at - °C a d su se ue t e t ifugatio  

e e epeated at least  ti es to e o e  as u h p odu t as possi le. The supe ata ts e e 
gathe ed a d d ied u de  a uu , follo ed  dissolutio  i  CHCl  a d p e ipitatio  i  old 
dieth l ethe . Afte  -  hou s at - °C the p odu t as e o e ed  filt atio , d ied u de  a uu  
o/  a d ha a te ized  H NMR spe t os op .  
 
 

 Pu ifi atio   flash olu  h o atog aph .  

Fi st, a thi  la e  h o atog aph TLC  as pe fo ed to opti ize the sepa atio  of the 
o pou ds i  the ea tio  i tu e. The est sepa atio  o ditio s e e a hie ed  elutio  ith 

CHCl :MeOH :  /   l +  µl H O , assessed  stai i g ith iodi e apo s I  fo  PEG 
isualizatio  a d, sepa atel , ith . % /  i h d i  i  EtOH solutio  fo  DSPE isualizatio . 

The efo e, the ea tio  i tu e as pu ified  flash olu  h o atog aph , usi g sili a gel -
 µ  ea  pa ti le size  as statio a  phase. The p odu t as eluted usi g as o ile phase 
i tu es of CHCl  a d MeOH at i easi g pola it , sta ti g ith  l of CHCl , follo ed   
l of CHCl :MeOH :  /  a d, fi all ,  l of CHCl :MeOH :  / . The eluate as olle ted 

i to f a tio s a d o ito ed  TLC to e aluate i  hi h f a tio s the desi ed p odu t is 
o tai ed. These f a tio s e e gathe ed, d ied u de  a uu , dissol ed i  CHCl  a d p e ipitate 

i  old dieth l ethe . Afte  -  hou s at - °C the p odu t as filte ed, d ied o/  u de  a uu  
a d fi all  ha a te ized  H NMR spe t os op .  
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d  Pu ifi atio   ea s of dial sis i  % /  MeOH.  

DSPE is al ost i solu le i  e e  a ueous a d o ga i  sol e t ut ode atel  solu le i  MeOH 
a d CHCl . The efo e, at the e d of the oupli g ea tio  ith DSPE, the o ga i  sol e t as 
e o ed u de  a uu  a d the i tu e ea tio  as esuspe ded i  % /  MeOH a d dial zed 

. k MWCO  -  da s agai st the sa e ediu  to e o e u ea ted DSPE. The  the ediu  
as epla ed  H O a d the dial sis as pe fo ed fo   othe  da s, follo ed  f eeze-d i g 

to e o e  the pu ified p odu t a d H NMR spe t os op  ha a te izatio .  

 
 

.  BOC-PEG DENDRON-LIPIDS DERIVATIVES MODIFICATION FOR 
LIGAND COUPLING 

T o diffe e t he ist ies of oupli g e e take  i to o side atio , i ol i g the use of t o 
diffe e t oss-li ki g age ts Figu e . .  
 

 
 

Figu e . : Che i al st u tu e of the p otei  oss-li ke  e plo ed to ouple the Fa ’ of T astuzu a  to the s thetized 
PEG de d o -lipids de i ati es: a  BMPS a d  SPDP.   
 

 

The fi st o e as N-Su i i id l -[ -p id ldithio]-p opio ate este  SPDP , o tai i g a NHS 
g oup that a  ea t ith PEG te i al a i o g oup a d a p idi ldisulphide g oup, a le i stead 
to ea t ith the sulfid l g oup of Fa ’ ith fo atio  of a e e si le disulphide o d. The se o d 
o e as N- β- alei idop op lo su i i ide este  BMPS , ea i g a NHS g oup fo  the 
oupli g to the PEG te i al a i o g oup a d a alei ide ea ti e g oup fo  the ea tio  ith 

the sulfh d l oiet  of Fa ’, eati g a o - lea a le thioethe  o d. 

 

 

. .  Removal of protecting group t-Boc from Boc-NH-PEG dendron-lipids 
derivatives 

Fi stl , the te t- ut lo a o l p ote ti g g oup Bo  as lea ed f o  Bo -NH-PEG kDa-
DSPE  Figu e . Figu e .  a d Bo -NH-PEG kDa- DSPE  Figu e .  to f ee the p i a  

a i o g oup of PEG.  

 a  
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The pol e  as dissol ed i  CH Cl :TFA :  /  at a fi al PEG o e t atio  of % /  a d 
sti ed fo   i utes o  i e ath °C . Ne t, TFA as e o ed  ota  e apo atio  ashi g at 
least  ti es ith CH Cl . The p odu t as dissol ed i  CHCl  a d d opped i to old dieth l ethe . 
Afte  -  hou s the p odu t as e o e ed  ea s of filt atio  a d d i g o/  u de  a uu . 
The a se e of the p ote ti g g oup as assessed  H NMR spe t os op , he eas the 
pe e tage of f ee a i o g oups as al ulated  S de  a d So o i ski assa . 

 

 

 

 

Figu e . : Re o al of Bo  p ote ti g g oup f o  Bo -NH-PEG kDa- DSPE . 
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Figu e . : Re o al of Bo  p ote ti g g oup f o  Bo -NH-PEG kDa- DSPE . 

 

 

. .  SPDP coupling to H N-PEG kDa- DSPE n 

H N-PEG kDa- DSPE  .  µ ol; MW  Da  as ea ted o/  at oo  te pe atu e ith  e ui . 
of SPDP .  µ ol; MW .  Da  i  o ate .  M/ACN :  / , adjusti g the fi al solutio  at 
pH .  Figu e . . S de  a d So o i ski assa  as pe fo ed to al ulate the a ou t of f ee 
a i o g oups u ea ted PEG . ACN as e apo ated u de  a uu  a d the p odu t as dial zed 
agai st illiQ H O . k MWCO  to e o e u ea ted SPDP, follo ed  e o e   f eeze-d i g 
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 g, ield: % / . The l ophilized p odu t as ha a te ized  H NMR spe t os op   
o pa iso  ith SPDP spe t u . S de  a d So o i ski assa  as epeated o  the d ied p odu t 

as o fi atio , to assess the a ou t of u ea ted PEG o espo di g to the pe e tage of f ee 
p i a  a i es . 

 

 

Figu e . : SPDP de i atizatio  of H N-PEG kDa- DSPE . 

 

 

. .  BMPS coupling to H N-PEG kDa- DSPE n  

 g of H N-PEG kDa- DSPE  MW  Da  e e ea ted o/  i  o ate .  M pH /ACN :  /  
ith  e ui . of BMPS  g; MW .  Da , p e iousl  dissol ed i  the s allest olu e of 

DMSO, adjusti g the ea tio  i tu e at pH  Figu e . . S de  a d So o i ski assa  as 
pe fo ed to e aluate the pe e tage of f ee a i o g oups. The p odu t as dial zed agai st 

illiQ H O . k MWCO  to e o e u ea ted BMPS, follo ed  l ophilizatio .  g of 
p odu t e e e o e ed ield: % /  a d ha a te ized  H NMR spe t os op   
o pa iso  to BMPS spe t u . A o di g to H NMR spe t os op  BMPS oupli g as ’t 

a hie ed i  these o ditio s. 
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Su essful oupli g of the oss-li ki g age t as a hie ed  lo e i g the pH to . .  
B iefl , H N-PEG kDa- DSPE  as ea ted fo   i utes  at oo  te pe atu e ith  e ui . of 
BMPS MW .  Da , p e iousl  dissol ed i  DMSO, i  PBS pH . /ACN :  /  adjusti g the 
fi al solutio  at pH . , a o di g to Ta le . .  

U ea ted BMPS as e o ed  dial sis agai st illiQ H O k MWCO  at pH .  to p e e t 
alei ide h d ol sis. Afte  l ophilizatio  the e o e ed p odu ts e e ha a te ized  H NMR 

spe t os op  a d o pa ed to BMPS spe t u . The fi al BMP-NH-PEG kDa- DSPE  de i ati es 
e e efe ed to as MAL-PEG kDa- DSPE  de i ati es. 

 

 

 
 

Figu e . : BMPS oupli g to H N-PEG kDa- DSPE . 
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Ta le . : Reage ts a ou t a d ield % /  of BMPS oupli g. 

PEG de dro -
lipids deri ati es 

NH -PEG- DSPE  

[  Da] 
BMPS 

[ .  Da] 
Yield % /  of 

MAL-PEG- DSPE  

MAL-PEG-DSPE2  g .  g %  g  

 

 NH -PEG- DSPE  

 [  Da] 
BMPS 

[ .  Da] 
Yield % /  of 

MAL-PEG- DSPE  

MAL-PEG-DSPE   g .  g %  g  

 
 

.  PREPARATION OF Fab’ 
The f ag e t a tige - i di g Fa ’  is o tai ed sta ti g f o  the hole a ti od , th ough 
e z ati  digestio  a d follo i g edu tio  of the disulphide o ds of the hi ge egio . 

 

. .  Proteolytic digestion of Trastuzumab by pepsin 

Fi stl , T astuzu a  as eithe  dial zed o/  Slide-A-L ze  G  dial sis assettes . k MWCO, 
µl  agai st a etate uffe  .  M pH .  o  uffe  e ha ged ith sa e uffe   ea s of k 

MWCO PES o e t ato s -  e t ifugatio s fo   i utes   g . The A  as the  
digested fo   hou s at °C  the p oteol ti  e z e pepsi  Ɛ= .  L· - · g- , usi g a  
e z e/su st ate atio of :  / , ieldi g the F a ’  f ag e t hi h o espo ds to the 
a ti od  la ki g the F  f ag e t, stalliza le  oiet  Figu e . . The ea tio  i tu e as 
filte ed fo   i    p  usi g Co i g® Costa ® Spi -X® e t ifuge tu e filte s to e o e a  
agg egate o  pa ti ulate. F a ’  as the  pu ified  gel filt atio  though a Supe ose  /  
GL olu  a d eluti g ith PBS X pH . , i  iso ati  o ditio s, at a flo  ate of .  l/ i  

=  . The olle ted pu ified peak as o e t ated i  A i o ® Ult a-  e t ifugal filte  
de i es at  g °C , ua tified  BCA assa  as i  se tio  . . .  a d a al sed  SDS-PAGE, 
ESI-TOF a d MALDI-TOF. 

 

 
Figu e . : T astuzu a  p oteol ti  digestio   pepsi . 
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. .  Reduction of F ab’  to Fab’ 

The pu ified F a ’  as t eated ith  M stea i e MW .  Da  fo   i utes at oo  
te pe atu e to a hie e sele ti e pa tial edu tio  of the i te hai  disulphide o ds of the hi ge 
egio  joi i g the t o Fa ’ f ag e ts  as epo ted i  Figu e . . C stea i e e o al as 

pe fo ed eithe   uffe  e ha gi g o  k MWCO PES o e t ato  o   gel filt atio  usi g 
a Supe ose  /  GL olu  a d eluti g at a flo  ate of .  l/ i , i  iso ati  o ditio s 

=  , ith  M sodiu  phosphate,  M sodiu  hlo ide,  M EDTA pH . . The 
olle ted peaks e e a al zed  SDS-PAGE, ESI-TOF a d MALDI-TOF. 

 

Figu e . : F a ’  edu tio  to Fa ’  ea s of stea i e. 
 

 

. .  Determination of protein concentration  

. . .  UV-Visible spectroscopy 

P otei  o e t atio  as dete i ed usi g a spe t ophoto ete  a d easu i g the a so a e 
at   so fa  as the e ti tio  oeffi ie t as k o : T astuzu a  Ɛ= .  l· - · g- ; 
T astuzu a  Fa ’ Ɛ= .  l· - · g- . These oeffi ie ts e e used also fo  the o espo di g 
PEG lated p otei s.  

 

. . .  Bicinchoninic acid BCA  assay 

P otei  o e t atio  as assessed  a ea s of a olo i et i  assa  k o  as i i ho i i  
a id BCA  assa , ased o  the a ilit  of p otei ’s peptide o ds to edu e Cu + io s f o  the 
oppe  II  sulfate g ee  solutio  to Cu+, i  asi  o ditio  at °C. Upo  oppe  edu tio , t o 
ole ules of i i ho i i  a id helate a Cu+ io  fo i g a pu ple- olo ed o ple  ith a 
a i u  a so a e at   Figu e . . The deg ee of olo  shift f o  g ee  to pu ple is 

p opo tio al to the o e t atio  of the p otei  i  solutio . 
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Figu e . : Co ple  fo atio  et ee  t o ole ules of i i ho i i  a id a d a Cu+ io . 

 

P otei  sa ples e e p epa ed i  t ipli ate, a o di g to Ta le . Ta le . , a d i u ated 
ith the o ki g eage t fo   i utes at °C, follo ed  a so a e easu e e t at  =  

 usi g a UV– isi le spe t ophoto ete . The o ki g eage t WR  is a solutio  of i i ho i i  
a id solutio  a d CuSO  :  / , f eshl  p epa ed efo e i u atio  ith the p otei  sa ples. 
P otei  ua tifi atio  is pe fo ed e ploiti g a ali atio  u e of o i e se u  al u i  BSA, 
Ɛ= .  l· - · g-  at diffe e t o e t atio s, a gi g f o  .  to  g/ l, p e iousl  
p epa ed. 

I  ase of F a ’  the ua tifi atio  as pe fo ed usi g a ali atio  u e p epa ed ith 
T astuzu a  Ɛ= .  l· - · g-  i  the a ge of . - .  g/ l. 

 
Ta le . : Sa ples solutio s fo  BCA assa . 

 Bla k Sta dards Sa ples 

 µl WR WR WR 

 µl H O 
. -  g/ l BSA o  
. - .  g/ l T astuzu a  

P otei  solutio  

 

 

. .  Sodium dodecyl sulfate polyacrylamide gel electrophoresis SDS-PAGE  

SDS-PAGE a al sis as pe fo ed follo i g the Lae li ethod [ ] usi g p e ast gels ith a 
g adie t of pol a la ide pe e tage - % . P otei  sa ples e e p epa ed  dissol i g -

 g of p otei  i  o - edu i g loadi g uffe , a o di g to e essit , he eas PEG sa ples 
e e p epa ed usi g -  g of pol e  a d the sa e a ou t of o - edu i g loadi g uffe  as 

the p otei  sa ples. I u oliposo es sa ples, i stead, he e p epa ed usi g -  g of Fa ’. 
No - edu i g loadi g uffe  as o posed of sodiu  dode l sulfate SDS , gl e ol, 



MATERIALS AND METHODS 
 

  

o ophe ol lue i  TRIS-gl i e uffe  pH . . All the sa ples e e heated at °C fo   i utes 
to fa o  p otei  de atu atio . O e loaded i to the ells of the gel, the ele t opho eti  u  as 
pe fo ed setti g a o sta t oltage of  V a d de easi g the a pe age du i g the u  f o  

 A to  A. Afte  the u , the gel as fi st p e-t eated ith .  M pe hlo i  a id a d the  
stai ed ith iodi e a d a iu  hlo ide solutio  i  a idi  o ditio s  fo  PEG isualizatio . 
Su se ue tl , iodi e stai i g as e o ed usi g as o i  a id, follo ed  p otei s dete tio  
th ough Coo assie B illia t Blue R  stai i g. U spe ifi  stai i g of the pol a la ide gel as 
e o ed usi g a de-stai i g solutio  o posed of % MeOH a d % a eti  a id / . 

 

. .  Mass spectrometry 

ESI–TOF ass spe t o et  ESI-MS  as pe fo ed usi g a Xe o G -S Q-Tof Wate s 
Co po atio , Milfo d, MA, USA  i st u e t, ope ati g i  positi e io  ode .  kV . Sa ples e e 
dissol ed i  H O:ACN :  /  + . % fo i  a id a d -  g of sa ple e e i je ted i  the 

ass spe t o ete   i fusio  at .  l/ i .  

MALDI TOF/TOF ass spe t o et  as pe fo ed o  a REFLEX ti e-of-flight  Plus MALDI 
TOF/TOF, AB S ie , F a i gha , MA, USA  e uipped ith a SCOUT io  sou e, ope ati g i  
positi e li ea  ode. A pulsed UV lase  ea  it oge  lase ,    ge e ates io s that a e 
a ele ated to  kV. A satu ated solutio  of si api i  a id i  H O:ACN :  /  + . % TFA /  

as used as solid at i  a d i ed ith a  e ual olu e of sa ple.  l of the esulti g i tu e 
as loaded o  the plate a d a al zed. 

 

 

.  PEGYLATION OF Fab’ 

As soo  as Fa ’ as p epa ed a d pu ified as epo ted i  se tio  .  it as i ediatel  ea ted 
ith PEG, afte  p otei  o e t atio  assess e t  UV-Vis spe t ophoto et i  easu e e t, 

to a oid as u h as possi le thiol o idatio , hi h ight p e e t the PEG latio . 

 

. .  Fab’ PEGylation with MAL-PEG kDa-FITC 

A p eli i a  Fa ’ PEG latio  e pe i e t as a ied out usi g hete o ifu tio al MAL-PEG kDa-
FITC, o tai i g a alei ide g oup a d la elled ith fluo es ei  isothio a ate FITC .  

B iefl , o e Fa ’ as o tai ed, it as ea ted o/  at °C ith  e ui . of MAL-PEG kDa-FITC, 
adjusti g the pH at . . The ea tio  i tu e as pu ified  gel filt atio  o  a Supe ose  /  
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GL olu  eluti g ith PBS X pH . , i  iso ati  o ditio s, at a flo  ate of .  l/ i . The 
olle ted peaks e e ha a te ized  SDS-PAGE. 

 

. .  Fab’ PEGylation with PDP-NH-PEG kDa- DSPE n 

The ea tio  et ee  the f ee sulfh d l g oup of Fa ’ a d PDP-NH-PEG kDa- DSPE  de i ati e led 
to the fo atio  of a e e si le disulphide o d Figu e . Figu e . . Fa ’ as ea ted o/  at 

°C ith  e ui . of PDP-PEG kDa- DSPE  a d the ea tio  i tu e as pu ified  gel filt atio  o  
a Supe ose  /  GL olu  eluti g ith PBS X pH .  iso ati  o ditio s  at a flo  ate of 

.  l/ i . Cha a te izatio  of the olle ted peaks as pe fo ed  SDS-PAGE a al sis. 

 

 
 

Figu e . : Coupli g ea tio  of Fa ’ to PDP-NH-PEG kDa- DSPE . 

 

To i p o e the ield of ea tio  Fa ’ as also ea ted ith a i tu e of PEG kDa- DSPE :PDP-
PEG kDa- DSPE  :  ol/ ol. B iefl , PEG kDa- DSPE   µ ol; MW  Da  a d PDP-PEG kDa-
DSPE  .  µ ol; MW  Da  e e dissol ed i  CHCl  a d d ied u de  a uu , follo ed  
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eh d atio  i  PBS pH .  at -  °C to a hie e a  M i ella  solutio . This i tu e as 
i ediatel  ea ted o/  ith the olle ted Fa ’ at a PEG-PDP : Fa ’-SH  :  ola  atio, 
adjusti g the solutio  at pH . - . . P otei  sa ples e e ithd a  at ea h ea tio  step a d 
ha a te ized togethe   SDS-PAGE a al sis. 

 

. .  Fab’ PEGylation with BMP-NH-PEG kDa- DSPE n 

The oupli g as pe fo ed follo i g the alei ide ethod [ ], a o di g to hi h the f ee 
sulfh d l g oup of Fa ’ as ea ted ith the alei ide ea ti e oiet  of BMP-NH-PEG kDa-
DSPE  de i ati e, leadi g to the fo atio  of a o - lea a le thioethe  o d Figu e . .  

 

 

 

Figu e . : E a ple of Fa ’ oupli g to BMP-NH-PEG kDa- DSPE  th ough alei ide ethod. 

 

Si e o e ial MAL-PEG kDa-DSPE as used as efe e e fo  stealth i u oliposo es SIL  
fo ulatio , fo  si pli it  the pol e s o tai i g a ea ti e alei ide g oup e e add essed as 
MAL-PEG kDa- DSPE . Fa ’ as ea ted ith MAL-PEG kDa- DSPE  at diffe e t MAL-PEG : Fa ’-
SH  ola  atio ith espe t to the effe ti e deg ee of alei ide de i atizatio  of the pol e  
depe di g o  the de i ati e.  e ui . of MAL-PEG kDa- DSPE ,  e ui . of MAL-PEG kDa- DSPE  



MATERIALS AND METHODS 
 

  

a d  e ui . of MAL-PEG kDa- DSPE  e e espe ti el  ea ted ith Fa ’. The pol e  as 
dissol ed i  illiQ H O at - °C ight efo e the i u atio  ith Fa ’ a d the ea tio  as 
sti ed o/  at oo  te pe atu e, adjusti g the solutio  at pH . - . . The ea tio  output as 
ha a te ized  SDS-PAGE a al sis. 

 

 

.  OPTIMIZATION Fab’ PRODUCTION 

S ale-up of Fa ’ p odu tio  as e ui ed fo  i u oliposo es fo ulatio .  
The efo e, .  g/ l F a ’  as edu ed ith  M stea i e  i , t,  p  i  PBS 
pH .  a d the esulti g Fa ’ as pu ified  gel filt atio  o  a Supe ose  /  GL olu  i  
iso ati  o ditio s flo  ate of .  l/ i  eluti g ith  M NaCl,  M NaH₂PO₄,  M 
EDTA pH . . The olle ted peaks e e a al sed  SDS-PAGE, sho i g e essi e edu tio  of the 
i te hai  disulphide o d et ee  hea  a d light hai s of Fa ’ t o a ds at ~ -  kDa .  
With the ai  of opti izi g the ield of Fa ’ diffe e t ea tio  o ditio s e e tested a d 
ha a te ized  SDS-PAGE a al sis. C stea i e e o al as pe fo ed, u less othe ise 

spe ified,  uffe  e ha ge th ough k MWCO PES o e t ato s usi g  M NaCl,  M 
NaH₂PO₄,  M EDTA pH . . 

 

. .  Fixed F ab’  concentration  

a  .  g of F a ’ , at a fi al o e t atio  of .  g/ l i  PBS pH . , e e edu ed ith 
diffe e t o e t atio s of stea i e - - -  M . Ea h ea tio  as i u ated fo   

i  at oo  te pe atu e.  
The ea tio  i tu e ith  M stea i e as pe fo ed i  dupli ate. The fi st ea tio  

as pu ified  ea s of k MWCO PES o e t ato s, hilst the se o d o e  gel 
filt atio  o  a Supe ose  /  GL olu  i  iso ati  o ditio s, at a of flo  ate of .  

l/ i , eluti g ith  M NaCl,  M NaH₂PO₄,  M EDTA pH . . 

 .  g of F a ’ , at a fi al o e t atio  of  g/ l i  PBS pH . , e e edu ed ith . -
-  M stea i e at oo  te pe atu e fo   i utes. At fi ed ti e poi ts - -  
i utes  p otei  sa ples of .  g e e ithd a  f o  the ea tio  i tu es a d pu ified 

f o  stea i e. 

 

. .  Fixed cysteamine concentration  

.  g of F a ’ , at a fi al o e t atio  of - -  g/ l, e e edu ed ith  M stea i e 
i  PBS pH .    i utes i u atio  at oo  te pe atu e. The ea tio s e e o ito ed afte  
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- -  i utes,  ithd a al of .  g of p otei  f o  the ea tio  i tu es a d pu ifi atio  
f o  stea i e. 

 

. .  Other conditions 

So e othe  ea tio  o ditio s e e tested a o di g to lite atu e to assess hethe  a d ho  
the uffe , pH o  te pe atu e a  i flue e the ield of ea tio . 

a  .  g of F a ’  e e edu ed ith  M stea i e at a fi al o e t atio  of  g/ l i  
.  M phosphate uffe ,  M EDTA pH .  at oo  te pe atu e.  µg of p otei  e e 
ithd a  afte  - -  i utes a d - - - -  hou s a d pu fied.  

 
 .  g of F a ’  e e edu ed ith  M stea i e at a fi al o e t atio  of  g/ l i  

.  M phosphate uffe ,  M EDTA pH .  at °C fo   hou s. C stea i e e o al as 
pe fo ed th ough k MWCO PES o e t ato s i  .  M a etate uffe  i ludi g  M 
EDTA, pH . . 
 

 .  g of F a ’  e e ea ted  i utes at oo  te pe atu e ith  M stea i e at 
a fi al o e t atio  of .  g/ l i  PBS pH .  o  i   M sodiu  a etate,  M Na SO  
pH . , oth i ludi g  M EDTA. 
 

d  .  g F a ’ , at a fi al o e t atio  of  g/ l, e e edu ed ith  M stea i e 
i   M NaCl,  M NaH₂PO₄,  M EDTA pH . , fo   i  at °C.  µg of p otei  

e e ithd a  afte  - -  i utes a d pu ified. 

 

 

.  SELECTIVE RE-OXIDATION Fab’  

A o di g to lite atu e [ , ], ild e-o idatio  of the Fa ’ f ag e t, hi h u de e t 
e essi e edu tio  of the i te hai  disulphide o d et ee  hea  a d light hai , as 
atte pted  ea s of CuSO . 
Ali uots of F a ’  e e edu ed ith  M stea i e at a fi al o e t atio  of .  g/ l 
i  PBS pH .  fo   i  at oo  te pe atu e, follo ed  stea i e pu ifi atio  th ough k 
MWCO PES o e t ato s. The ea tio  i tu es e e the  i u ated ith diffe e t a ou ts of 
CuSO  . - . - . -  M . P otei  sa ples of  µg e e ithd a  at diffe e t ti e poi ts 
a d .  M Na-EDTA pH .  as added to stop the ea tio .  
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. .  Selective re-oxidation followed by Fab’ PEGylation 

Re-o idized Fa ’ as ea ted ith MAL-PEG kDa-DSPE to he k hethe  the ea ti it  of the thiol 
g oups of the hi ge egio  as p ese ed afte  the o idatio  ith CuSO , e ause the e-o idatio  
step ight affe t also the i i al sulfh d l g oups used fo  PEG oupli g.  

.  g/ l F a ’  as ea ted  i  at oo  te pe atu e ith stea i e  M fo  
o plete F a ’  edu tio  i  PBS pH . , follo ed  stea i e e o al th ough  MWCO 

PES o e t ato s usi g PBS pH . . The p otei  solutio  as the  i u ated  hou s at oo  
te pe atu e ith  µM CuSO . Fa ’ pu ifi atio  as pe fo ed o  a Supe ose  /  GL 
olu  e uili ated ith  M NaCl,  M NaH₂PO₄,  M EDTA pH .  i  iso ati  
o ditio s flo  ate: .  l/ i . Fa ’ o e t atio  as assessed th ough UV-VIS easu e e t 

at  , the  Fa ’ as ea ted o/  ith  e ui . of MAL-PEG kDa-DSPE, adjusti g the solutio  
at pH . . Ea h step as ha a te ized  SDS-PAGE. 

 

. .  Fab’ PEGylation followed by selective re-oxidation 

Fa ’ as p e iousl  PEG lated ith MAL-PEG kDa-DSPE a d i  a se o d step ge tl  e-o idized to 
e eate the disulphide o d et ee  hea  a d light hai . 

.  g/ l F a ’  as i u ated ith  M stea i e,  i  i  PBS pH .  at oo  
te pe atu e, follo ed  Fa ’ pu ifi atio  o  a Supe ose  /  GL olu  e uili ated ith 

 M NaCl,  M NaH₂PO₄,  M EDTA pH .  i  iso ati  o ditio s flo  ate: .  l/ i . 
P otei  o e t atio  of the olle ted peak as assessed  a so a e easu e e t at  , 
follo ed  o/  i u atio  ith  e ui . of MAL-PEG kDa-DSPE, adjusti g the solutio  at pH . . 
Su se ue tl , sele ti e e-o idatio  as pe fo ed fo   hou s usi g  µM CuSO , hi h as 
the  e o ed  k MWCO PES o e t ato . Ea h step as ha a te ized  SDS-PAGE. 

 

 

.  EVALUATION OF STORAGE CONDITIONS 

F a ’  at a fi al o e t atio  of .  g/ l as ea ted  i  at t ith  M stea i e i  
PBS pH . . It as de ided to o pa e stea i e pu ifi atio   e o al th ough PES k MWCO 
o e t ato s usi g eithe   M NaCl,  M NaH₂PO₄,  M EDTA pH .  o  si ple illiQ 
ate . Fu the o e, ali uots of pu ified Fa ’ e e f oze  ith N  o  kept at - °C o  at + °C to 

e if  if diffe e t sto age o ditio s ould affe t the p otei  i teg it . 
Si e e essi e Fa ’ edu tio  afte  stea i e pu ifi atio  ith ate  as ’t e ide ed it as 
de ided to assess Fa ’ ea ti it   o/  ea tio  at pH .  °C  ith  e ui . of MAL-PEG kDa-
DSPE a d ha a te izatio   SDS-PAGE a al sis.  
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.  IMMUNOLIPOSOMES FORMULATION 

Diffe e t app oa hes of liposo es p epa atio  e e e ploited to assess the est fo ulatio  
o ditio s. PEG-lipid s  de i ati es o /a d liga d- oupled PEG-lipid s  de i ati es e e i luded 

i  the fo ulatio  follo i g the post-i se tio  ethod [ ], eithe  i to d ug-loaded p e-fo ed 
aked liposo es o  i to d ug-loaded p e-fo ed stealth liposo es. A o di g to lite atu e, the 

t a sfe  of PEG-lipids de i ati es i elles solutio  to the liposo al esi les o u s i  a 
te pe atu e- a d ti e-depe de t a e . Upo  post-i se tio  stealth liposo es SL , supe  
stealth liposo es SSL , = ° of DSPE ole ules  o   atta hed to PEG  a d supe  stealth 
i u oliposo es SSIL , = ° of DSPE ole ules  o   atta hed to PEG  e e o tai ed. 

 

. .  Liposomes preparation  

Liposo es e e p epa ed  thi  la e  e apo atio  TLE  te h i ue. B iefl , the lipid i tu e as 
dissol ed i   l of CHCl :MeOH :  /  i  a ou d- otto  flask, follo ed  e o al of the 
o ga i  sol e ts  ota  e apo atio , ith fo atio  of a lipid fil , a d o/  d i g u de  

a uu . The lipid i tu e as o posed of h d oge ated so ea  phosphatid l holi e HSPC, 
MW  Da  a d holeste ol CHOL, MW  Da  i  a :  HSPC:CHOL ola  atio, eithe  i ludi g 
o  ot % ol of PEG kDa- DSPE  at a fi al ola  atio of : :  HSPC:CHOL: PEG kDa- DSPE .  

The lipid fil  as eh d ated fo   hou  at - °C ith -  l of  M a o iu  sulphate 
pH .  usi g a ota  e apo ato  ithout a uu . The o tai ed liposo al suspe sio  as 
ho oge ized  epeated f eeze a d tha  les, follo ed  sto age at °C fo   i utes, 
so i atio  at °C fo   i utes a d su se ue t hot e t usio  °C  th ough pol a o ate 
filte s of de easi g po e size - - . Liposo es ea  size as assessed  d a i  
light s atte i g DLS  easu e e ts as epo ted i  se tio  . . . 
The e te al uffe  as e ha ged ith PBS pH .   gel filt atio  o  PD-  desalti g olu s 

o tai i g Sephade ® G-  ediu , thus eati g a pH g adie t a oss the ila e . 
The fi al liposo e o e t atio  as dete i ed  Ste a t assa , des i ed i  se tio  . . . 
 
 

. .  Doxorubicin loading 

Liposo es olle ted afte  uffe  e ha ge th ough PD-  desalti g olu  p ese ted a idi  
a ueous ediu  i side a o iu  sulfate pH .  a d eut al e te al ediu  PBS pH . . 
This t a s e a e pH g adie t as e ploited to e apsulate the odel d ug, do o u i i  DXR, 
MW  Da , follo i g the e ote loadi g te h i ue p e iousl  des i ed i  se tio  . . .  

B iefl , the total a ou t of DXR as p e iousl  dissol ed i  . % /  NaCl  sti i g at °C, 
follo ed  i u atio  ith the liposo al suspe sio  at a atio of . :  /  DXR:HSPC fo   hou  
at °C at  p . F ee do o u i i  as the  e o ed  gel-filt atio  o  PD-  desalti g 
olu  o tai i g Sephade ® G-  ediu , eluti g i  PBS pH . , a d the i teg it  of the 
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esi les as assessed  DLS easu e e ts as epo ted i  se tio  . . . All these steps a e 
pe fo ed i  da k o ditio s to a oid deg adatio  of DXR, hi h is a light-se siti e d ug. 
 
The o e t atio  of the e apsulated DXR as dete i ed  spe t ophoto et ,  p ope  
dilutio  i  etha ol of a  ali uot of d ug-loaded liposo al suspe sio , esi les dis uptio   
additio  of % /  of M T ito  X-  a d su se ue t spe t ophoto et i  a so a e 

easu e e t at   Ɛ  =  M−  ⋅ −  i  etha ol .  
 
The e apsulatio  effi ie  EE%  as al ulated as: 

 

EE% = 
a ou t of e t apped DXR

a ou t of total DXR
 ·  

 

 

. .   Post-insertion of PEG-lipid s  derivatives 

T o ai  post-i se tio al app oa hes e e e ploited to t a sfe  PEG-lipid s  de i ati es o /a d 
liga d- oupled PEG-lipid s  de i ati es f o  a i ella  solutio  of this o pou ds to the lipid 

ila e  of d ug-loaded p e-fo ed liposo es. I  the fi st app oa h the post-i se tio  as 
pe fo ed o  aked liposo es, he eas i  the se o d app oa h o  PEG- oated liposo es. The 
the od a i all  fa o a le t a sfe  to liposo es ila e  is d i e   h d opho i  fo es 

et ee  lipid o po e ts. 

 
. . .  st approach 

DXR-loaded liposo es o posed of HSPC:CHOL :  ol/ ol e e i u ated fo  h at °C ith 
a i elles solutio  of % ol PEG kDa- DSPE  i  PBS pH . , thus p o idi g stealth liposo es 
SL . Su se ue tl , a i elles solutio  of Fa ’-PEG kDa- DSPE  de i ati es as i u ated h at 

°C ith SL i  . :  PEG:HSPC ola  atio, thus p o idi g stealth i u oliposo es SIL  a d 
supe  stealth i u oliposo es SSIL  a d SSIL  a o di g to the u e  of DSPE ole ules 
o jugated to PEG . Follo i g t a sfe , the i tu e as ooled a d h o atog aphed o e  a 

Sepha ose CL- B olu , e uili ated ith PBS pH .  uffe , to sepa ate the liposo es f o  
o -t a sfe ed i ella  PEG-lipid s  de i ati es a d f ee liga d. The pu ifi atio  a d effe ti e 

i o po atio  of Fa ’-PEG kDa- DSPE  i to the ila e  e e assessed  SDS-PAGE, he eas the 
ua tifi atio  of the i o po ated liga d- oupled PEG-lipid s  de i ati e as pe fo ed  i o-

BCA assa , as des i ed i  se tio  . . . The fi al liposo al suspe sio  as o e t ated upo  
e t ifugatio  i  k MWCO A i o  o e t ato  de i es a d the lipid o e t atio  as 

dete i ed  Ste a t assa  follo i g the p oto ol epo ted i  se tio  . . . Fu the  
ha a te izatio  as o tai ed  TEM a al sis, as epo ted i  se tio  . . . 
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Alte ati el , a si ila  app oa h as a ied out i ol i g the si ulta eous post-i se tio  of oth 
PEG kDa- DSPE  a d Fa ’-PEG kDa- DSPE  i ella  solutio s, usi g the sa e ola  a ou ts 

p e iousl  des i ed a d o pa i g the fi al out o e ith espe t to the se ue tial post-
i se tio  app oa h. 

 

. . .  nd approach 

The post-i se tio  as pe fo ed o  DXR-loaded stealth SL  o  supe  stealth SSL  liposo es 
o posed of HSPC:CHOL: PEG- DSPE  : :  ola  atio. The o tai ed liposo es e e 

i u ated fo   hou  at °C ith a i elles solutio  of % ol Fa ’-PEG- DSPE , p e iousl  
ea ted  i  °C  ith  e ui . of thiogl oli  a id MW .  Da, d= .  g/ l  to lo k 

u ea ted alei ide g oups, thus p o idi g SIL, SSIL  a d SSIL . Refe e e stealth a d supe  
stealth liposo es i.e. SL, SSL  a d SSL  e e i stead o tai ed  i u atio  ith % ol of the 
o espo di g PEG- DSPE . The liposo al suspe sio  as ooled a d su se ue tl  pu ified  

elutio  i  a Sepha ose CL- B olu , e uili ated ith PBS pH .  uffe , to sepa ate o -
t a sfe ed i ella  PEG-lipid s  de i ati es a d f ee liga d. Cha a te izatio   SDS-PAGE 
allo ed to e if  the effe ti e i o po atio  of Fa ’-PEG kDa- DSPE  i to the ila e . Mi o-BCA 
assa  as used to ua tif  the a ou t of t a sfe ed liga d- oupled PEG-lipid s  de i ati e, as i  
se tio  . . . Liposo es e e additio all  ha a te ized  TEM, as epo ted i  se tio  . . . 

 

. .  Ligand quantification by micro-BCA assay 

Mi o-BCA assa  is a high se siti it  test fo  p otei  ua tifi atio , hi h a  e used to easu e 
e  dilute p otei  o e t atio s a gi g f o  .  to  g/ l  i  e  s all sa ple olu es.  

The assa  o ks as the lassi al BCA assa  epo ted i  se tio  . . . , leadi g to the fo atio  of 
a pu ple- olo ed o ple  ith a a i u  a so ptio  at   a d the olo atio  i te sit  is 
p opo tio al to the p otei  o e t atio . This assa  as used to ua tif  the a ou t of 
t a sfe ed liga d- oupled PEG-lipid s  de i ati e i to the liposo e ila e . 

Sa ples e e p epa ed i  t ipli ate at diffe e t dilutio s, follo i g Ta le . , a d the la k as 
p epa ed fo  ea h dilutio  usi g a solutio  of DXR-loaded stealth liposo es DXR-SL  at the sa e 
DXR o e t atio  of the sa ple.  

 pa t  µl  of sa ple solutio  as i ed ith  pa t  µl  of o ki g eage t WR  a d 
afte   hou  of i u atio  at °C the a so a e at   as e o ded a d the p otei  
o e t atio  as dete i ed  o pa iso  to a sta da d u e.  

The sta da d u e as o tai ed  se ial dilutio  f o  a sto k solutio  of o i e se u  al u i  
BSA, Ɛ= .  l · -  · g-  a d a gi g f o   µg/ l to  µg/ l.  

 
The o ki g eage t is o tai ed  i i g: 
 solutio  A: sodiu  a o ate, sodiu  ta t ate, sodiu  i a o ate i  .  M NaOH, pH . ; 
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 solutio  B: % /  i i ho i i  a id solutio , pH . ; 
 solutio  C: % /  oppe II  sulfate, pe tah d ate solutio . 
 

Wo ki g eage t is p epa ed  i i g  pa ts of A ith  pa ts of B a d su se ue tl   addi g 
 pa t of C. 

 

Ta le . : Sa ples a d ali atio  u e sta da ds p epa atio . 

 Bla k 
ali ratio  ur e  BSA sta dards Bla k  

sa ples  Sa ples 

 µl WR WR WR WR 

 µl H O -  µg/ l BSA DXR-SL SIL/SSIL  

 

The Fa ’ a ou t of ea h liposo al fo ulatio  as e p essed as µg Fa ’/µ ol HSPC. 

 

. .  Transmission Electron Microscopy TEM  

O e d op of .  g/ l liposo al suspe sio  a out µl  as pla ed o   esh hole  fil  g id. 
The sa ples e e diluted ith deio ized ate  to a oid as u h as possi le salts i te fe e e. 
Afte  stai i g ith % u a l a etate the sa ple as o se ed ith a Te ai G  FEI  t a s issio  
ele t o  i os ope ope ati g at  kV. I ages e e aptu ed ith a Veleta Ol pus Soft 
I agi g S ste  digital a e a. 

 

 

.  IN VITRO EXPERIMENTS 

. .  Long-term stability studies 

I  it o sta ilit  studies e e pe fo ed  e aluati g the ho oge eit  of the liposo al 
suspe sio s o e  ti e, oth i  te  of esi les ea  size a d pol dispe sit . 

Spe ifi all , sa ples of ea h liposo al fo ulatio   µl,  M  o tai i g . % /  NaN  
e e i u ated o e  ti e at diffe e t te pe atu es - - °C . DLS easu e e ts e e 

pe fo ed at p edete i ed ti e poi ts to assess the liposo es ea  size h d od a i  
olu e  a d pol dispe sit  i de  PdI  a d, thus, e aluate the o e all ph si al sta ilit  of the 

fo ulatio . 
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. .    Drug release experiments  

The liposo al elease of DXR as ua tified  the fluo es e e de ue hi g of self-asso iated 
DXR i  liposo es upo  dilutio  outside the liposo es [ ].  

 µl of ea h liposo al fo ulatio   M  e e i u ated fo   h at °C, du i g hi h the 
leakage of DXR as i estigated  easu i g the i ease of fluo es e e i te sit  e e   i , 
usi g a spe t ofluo o ete  e = ; e = . At the e d of ea h a al sis liposo es e e 
dis upted  additio  of % /  of  M T ito  X-  to al ulate the % de ue hed DXR total 
DXR . The e pe i e ts e e pe fo ed o  a Jas o FP-  spe t ofluo o ete , setti g the 
a al sis o ditio s as epo ted i  Ta le . . 

 

Ta le . : Spe t ofluo o ete  setti gs. 

A al sis  Lo g ti e- ou se easu e e t 

Duratio    hou s 

Data pit h   i utes 

e itatio     

e issio     

Ba d ith e itatio     

Ba d ith e issio     

Se siti it   Mediu  

Respo se   .  se  

I ter al te perature  
peltier  

 °C 

 

 

. .  Cytotoxicity studies 

The toto i  effe t of ta geted do o u i i -loaded liposo al fo ulatio s SIL-DXR a d SSIL -
DXR  as e aluated a d o pa ed to o -ta geted do o u i i -loaded liposo es SL-DXR  ith 
espe t to e pt  stealth liposo es SL  a d f ee DXR positi e o t ol . Hu a  east du tal 
a i o a ell li e BT- , o e e p essi g HER- , e e hose  to pe fo  the studies. 

 

. . .  Cell viability evaluation by Crystal Violet assay 

BT-  ells e e ultu ed i  high glu ose D-MEM ediu , e i hed ith % FBS fetal o i e 
se u  a d % Pe  St ep Pe i illi -St epto i  i tu e , at °C a d % CO .  ells/ ell 
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i   µl e e seeded i  - ell lea  flat- otto  plates a d let adhe e o e ight. The follo i g 
da  the ells e e t eated i  t ipli ate  addi g  µl of DXR, SL, SL-DXR, SIL-DXR a d SSIL -DXR 
at a fi al do o u i i  o e t atio  of  µM,  µM a d  µM, i ludi g u t eated ells as 

egati e o t ol. The plates e e i u ated at °C i  a hu idified i u ato  ith % CO .  

Afte   h,  h a d  h of t eat e t, the ultu e ediu  as e o ed a d epla ed ith 
o plete f esh ediu . Cells e e i u ated agai  at °C, up to  h sho t i u atio  o   

h lo g i u atio . Ne t, ells e e ashed ith PBS a d e e tuall  fi ed ith  µl of % 
fo ali  fo   i utes a d sto ed i  PBS u til a al sis ti e. Afte  PBS e o al, ells e e stai ed 

ith  µl of stal iolet stai i g solutio  fo   i utes at oo  te pe atu e, follo ed  
ashi g ith ate  a d ai -d i g of the plates.  µl of % a eti  a id e e added to ea h ell 

a d the plates e e put o  a shake  fo   i utes at oo  te pe atu e. Opti al De sit  OD  
as easu ed at   usi g a i oplate spe t ophoto ete . The assa  elies o  the affi it  
et ee  the d e a d the e te al su fa e of the DNA dou le heli , so the a ou t of d e a so ed 

depe ds o  the total DNA o te t i  the ultu e, thus allo i g the esti atio  of the u e  of 
ia le ells i  the ultu e. 

I  additio , the IC  of ea h liposo al fo ulatio  a d f ee do o u i i  as assessed  
pe fo i g a C stal Violet assa  o  BT-  ells t eated fo   h a d i u ated fo  additio al  
h i  ultu e ediu . Fo  this e pe i e t, ells e e seeded i  - ell lea  flat- otto  plates 

 ells/ ell  a d the t eat e ts e e pe fo ed i  t ipli ate at diffe e t do o u i i  
o e t atio s, a el  .  µM, .  µM,  µM,  µM a d  µM i  DXR. The t eat e t ith 

e pt  SL as pe fo ed  usi g the o espo di g phospholipids e ui ale ts to SL-DXR. 

 

. . .  Activation of caspase -mediated apoptotic pathway by Western Blot 

Weste  lot a al sis as pe fo ed to e aluate the e p essio  of Clea ed Caspase , hi h is 
o side ed to e the ajo  e e utio e  aspase i  the apoptoti  as ade, ith espe t to 

u lea ed Caspase  p otei  e p essio  i  BT-  ells t eated ith ea h liposo al fo ulatio  
a d f ee do o u i i , o pa ed to u t eated ells. BT-  ells e e ultu ed as i  se tio  

. . . , the   ell/ ell he e seeded i  - ell lea  flat- otto  plates a d let adhe e 
o e ight. Cells e e t eated fo   h at  µM i  do o u i i  at °C i  a hu idified i u ato  

ith % CO , the  the ediu  as e o ed a d epla ed ith f esh ediu , follo ed  
i u atio  at °C fo  additio al  h. 

At the e d of the h of i u atio  the ediu  as e o ed, a d ells e e ashed ith PBS. 
Ne t, ells e e t eated o  i e ith a l sis uffe  o posed of  M PMSF phe l eth lsulfo l 
fluo ide; p otease i hi ito  i  isop opa ol diluted ith RIPA uffe  X o tai i g T is-HCl 
a d sodiu  deo holate  fo  p otei  e t a tio . Cell l sates e e olle ted a d e t ifuged fo  

 i utes at  p . The p otei  o e t atio  of ea h supe ata t as assessed  BCA 
assa  se tio  . . . . B iefl , this assa  as pe fo ed i  a - ell lea  flat- otto  plate  

i i g  µl of p otei  solutio  ith  µl of o ki g eage t i i ho i i  a id solutio  a d 
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CuSO  :  / . Afte   i utes of i u atio  at °C, a so a e easu e e t at  =   
as pe fo ed usi g a UV– isi le i oplate spe t ophoto ete . P otei  ua tifi atio  as 

pe fo ed e ploiti g a ali atio  u e of o i e se u  al u i  BSA, Ɛ= .  l· - · g-  
a gi g f o  .  to  g/ l. At this poi t,  µg of p otei s e e loaded i  ea h la e of a % 

pol a la ide gel a d su je ted to SDS-PAGE ele t opho esis. The a ds e e t a sfe ed to a 
.   it o ellulose e a e at V fo   i utes i  the p ese e of  M T is,  M 

gl i e a d % MeOH. Follo i g the t a sfe , the e a e as stai ed ith po eau solutio  
fo  a p eli i a  e aluatio  of p otei  t a sfe , the  it as lo ked fo   i utes at oo  
te pe atu e ith % d  ilk i  PBST o tai i g . % T ee   i  PBS- uffe ed sali e X, a d 

ashed  ti es fo   i  ith PBST. The e a e as the  i u ated o e ight at °C ith a 
a it pol lo al a ti od  agai st Clea ed Caspase  at :  dilutio  i  PBST o tai i g % 

BSA. At the e d of the i u atio , the e a e as i sed ith PBST a d i u ated fo   h at 
oo  te pe atu e ith the se o da  a ti- a it a ti od  :  i  % d  ilk i  PBST . 

Rea ti e p otei s e e stai ed ith the A e sha  ECL Plus Weste  Blotti g Dete tio  S ste  
GE Health a e Eu ope G H, Mila , Ital  a d he ilu i es e e as easu ed ith a Fusio  

Solo S i st u e t Vil e  Lou at .  

The e a e as the  st ipped usi g .  M NaOH a d lo ked agai  ith % d  ilk i  PBST, 
follo ed  o e ight i u atio  at °C ith a a it pol lo al a ti od  agai st Caspase  at 

:  dilutio  i  PBST o tai i g % BSA. The e a e as the  i sed ith PBST a d 
i u ated fo   h at oo  te pe atu e ith the se o da  a ti- a it a ti od  :  i  % 
d  ilk i  PBST . Rea ti e p otei s e e stai ed ith ECL a d isualized ith Fusio  Solo S 
i st u e t. Fi all , the e a e as i sed ith PBST a d i u ated o/  at °C ith a ouse 

o o lo al a ti od  agai st β-a ti  used as a loadi g o t ol  at :  dilutio  i  PBST 
o tai i g % BSA. Afte  i si g i  PBST the e a e as i u ated ith the se o da  a ti-
ouse a ti od  :  i  % d  ilk i  PBST , follo ed  stai i g ith ECL a d 

he ilu i es e e isualizatio . The a ds elati e to lea ed aspase  a d aspase  e e 
ua tified  usi g I ageJ soft a e a d o alized to that of β-a ti . The atio Clea ed 
aspase /Caspase  as also al ulated. 

 

 

.  IN VIVO EXPERIMENTS 

. .  Ethics statement 

The stud  p oto ol as app o ed  the Ethi s Co ittee of the U i e sit  of Pado a a d the 
Italia  Mi ist  of Health /  PR o tai ed o  O to e  , , a d a i als e e ha dled 
i  o plia e ith atio al Italia  Legislati e De ee /  guideli es a d ith the Guide 
fo  the Ca e a d Use of La o ato  A i als   the Natio al Resea h Cou il of the Natio al 
A ade ies. 
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. .  Pharmacokinetics in rats 

I  i o pha a oki eti  studies e e a ied out i  fe ale Sp ague Da le  ats -  g . The 
ats e e a do l  di ided i  fou  g oups of  ats ea h. A dose of .  g/kg i  DXR of eithe  f ee 

d ug o  DXR-loaded liposo al fo ulatio  SL, SIL, SSIL  as ad i iste ed ia tail ei  to the ats 
p e iousl  a esthetized ith isoflu a e gas i ed ith O  i  e losed ages . At s heduled ti e 
poi ts lood sa ples ~  l  e e olle ted f o  the tail i to hepa i  t eated tu es a d 
the eafte  i ediatel  e t ifuged  i    g to sepa ate plas a. DXR as e t a ted  
t eati g  l of plas a ith  l of M T ito  X-  fo  liposo e dis uptio  a d  l of  

M HCl i  isop opa ol to allo  plas a p otei s p e ipitatio . Afte  o/  i u atio  at °C, sa ples 
e e e t ifuged  i  at  p  a d the supe ata ts e e a al zed  fluo o et i  
easu e e ts e = ; e = . The o e t atio  of DXR i  ea h plas a sa ple as 

e t apolated th ough a ali atio  u e of sta da ds solutio s of eithe  DXR .  - .  µg/ l  
o  DXR-loaded stealth liposo es .  -  µg/ l  fo  the liposo al fo ulatio s. 

The data e e a al zed  appl i g a i o pa t e tal odel usi g PKSol e  .  soft a e. 

 

. .  Organ toxicity evaluation  

The a i als used fo  the pha a oki eti  studies se tio  . . , su je ted to si gle tail ei  
i je tio  of eithe  DXR o  DXR-loaded liposo al fo ulatio , e e sa ifi ed  hou s afte  the 
d ug ad i ist atio . The ai  o ga s li e , kid e s, hea t, splee , ai , lu gs  e e i ediatel  
e ised, ashed ith  M T is,  M KCl,  M EDTA pH . , ut i to pie es, f oze  i  li uid 
N , a d sto ed at - °C u til use. Fu the o e, o e pie e of ea h o ga  as pla ed i  % fo ali  
fo  histologi al e a i atio .  
Qua tifi atio  of the ge e e p essio  of th ee i fla ato  toki es a d histologi al 
e a i atio  as pe fo ed o  the olle ted tissues. 

 

. . .  Gene expression quantification by qRT-PCR 

The ge e e p essio  of th ee toki es i ol ed i  the i fla ato  espo se, a el  i te leuki  
β IL- β , i te leuki   IL-  a d tu o  e osis fa to  α TNFα , as e aluated to assess a d 
o pa e the i fla ato  state of ea h olle ted o ga  afte  the ad i ist atio  of the liposo al 

fo ulatio s. This e aluatio  as pe fo ed  RNA e t a tio  f o  the tissues a d su se ue t 
RNA ua tifi atio . 

 5. . . .  mRNA extraction 
RNA e t a tio  f o  tissues as pe fo ed usi g SV Total RNA Isolatio  S ste  P o ega kit. 
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A o di g to the p oto ol, a out  g of tissue e e ho oge ized though the p o e of a T-  
digital ULTRA-TURRAX ho oge ize  i  a ste ile Eppe do f tu e ith  l of RNA l sis uffe   M 
gua idi e thio a ate, .  M T is pH . , . % β- e aptoetha ol .  l of the fi al sa ple 

e e t a sfe ed i to a e  tu e a d added of  l of RNA dilutio  uffe , the  i ed a d 
i u ated  i utes at °C. Afte  e t ifugatio  at  g fo   i utes, the supe ata t as 
olle ted a d t a sfe ed i to a e  tu e, follo ed  additio  of  l of % /  EtOH. The 

fi al i tu e as p ope l  i ed a d pu ified  e t ifugatio   se o ds   g  o  a spi  
olu , dis ha gi g the eluate.  l of RNA ash solutio   M potassiu  a etate,  M 

T is-HCl pH .  i  % /  EtOH  e e added, epeati g the e t ifugatio  fo   se o ds  
 g a d th o i g agai  the eluate. 

 l of DNase i u atio  i  e e added to the olu  to digest o ta i ati g ge o i  DNA. 
This i  as o posed of  µl of Yello  Co e Buffe  .  M T is pH . , .  M NaCl, .  
% /  ello  d e ,  µl of .  M M Cl  a d  µl of DNase I. Afte   i utes the DNase ea tio  

as stopped  additio  of  l of DNase Stop Solutio   M gua idi e isothio a ate,  M 
T is-HCl pH .  a d % /  EtOH  a d e t ifugi g  se o ds   g. 

The olu  as ashed t i e ith RNA Wash Solutio , usi g diffe e t olu es:  l the fi st 
ti e, e t ifugi g  se o ds   g, a d  l the se o d ti e, e t ifugi g  i utes  

 g, dis ha gi g the eluates. Su se ue tl , the RNA as olle ted  elutio  ith  l of 
Nu lease-f ee ate  a d e t ifugatio  fo   se o ds at  g, p ese i g the eluate hi h 

as sto ed at - °C u til use. 

 5. . . .  Determination of the mRNA concentration 
The e t a ted RNA sa ples e e tha ed a d kept o  i e.  
Spe t ophoto et i  a al sis of the sa ples as pe fo ed to assess oth the RNA o e t atio  
a d the pu it  deg ee. I  pa ti ula ,  l of ea h RNA sa ple solutio  as a al zed  a i o-

olu e UV-Vis spe t ophoto ete  e aluati g the follo i g pa a ete s: 

 A s  / A s , e eali g the p ese e of a  o ta i a ts, like gua idi e thio a ate a d 
othe  dete ge ts o tai ed i  the RNA l sis uffe . Afte  a su essful RNA e t a tio , this 

alue usuall  a ges f o  .  to . . 
 

 A s  / A s , i di ati g the pu it  of the RNA ith espe t to p otei s a d phe ols. The 
alue esulti g f o  this atio should e o p ised et ee  .  a d . . 
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5. . . .  Quantitative Reverse Transcription-Polymerase Chain Reaction qRT-PCR   
The e aluatio  of the ge e e p essio  as pe fo ed usi g the ua titati e e e se t a s iptio -
pol e ase hai  ea tio  RT-PCR  te h i ue, hi h is ased o  the a plifi atio  a d 

ua tifi atio  of the DNA de i ed f o  the e e se t a s iptio  of the ta get RNA. 

O e Step Solutio  SYBR P i eS ipt RT-PCR kit II Taka a, Japa  as used fo  the a plifi atio  
ea tio , e ploiti g spe ifi  p i e s fo  the ge es of i te est, listed i  Ta le . . 

 
 

Ta le . : P i e s used i  the RT-PCR a al sis. 

GENE For ard pri er ’- ’  Re erse pri er ’- ’  

IL- β AAATGCCTCGTGCTGTCTGA CAAGGCCACAGGGATTTTGTC 

IL  AAGCCAGAGTCATTCAGAGCAA GGTCCTTAGCCACTCCTTCT 

TNF α GATCGGTCCCAACAAGGAGG GCTTGGTGGTTTGCTACGAC 

ACTIN GCCACCAGTTCGCCATGGA TTCTGACCCATACCCACCAT 

 
 
RNA sa ples e e p ope l  diluted ith u lease-f ee ate , depe di g o  the o e t atio  

easu ed as i  se tio  . . . . , to o tai   g of RNA i  .  l.  
.  l of o ki g eage t as added to ea h RNA sa ple, p e iousl  pipetted i  a  ells plate, 
ea hi g a fi al olu e of  l. The o ki g eage t as p epa ed ith: 

 .  l of X O e Step SYBR® RT-PCR Buffe  IV, i ludi g dNTP i tu e deo i o u leotide 
t iphosphate , Mg + a d SYBR® G ee  fluo opho e a le to i te alate DNA pe itti g the 

ua tifi atio  of the a plified ge es ; 
 

 .  l of P i eS iptTM  step E z e Mi  II, i ludi g the e z es e ui ed fo  the e e se 
t a s iptio  of RNA to DNA P i eS ipt RTase , fo  the a plifi atio  ea tio  TaKaRa E  
Ta TM HS, the ose siti e e z e  a d RNase I hi ito ; 

 

 .  l of ROXTM Refe e e D e/D e II, used fo  o alizatio  of fluo es e e i te sit   
a kg ou d su t a tio ; 

 

 .  l of  M P i e s fo a d a d e e se , spe ifi  fo  the ge es of i te est. 

Ea h  ells plate as a al zed  E oTM Real-Ti e PCR s ste , hi h pe fo s a se ies of 
the i  les as illust ated i  Figu e . . B iefl , the e e se t a s iptio  takes pla e du i g the 
i itial i u atio  fo   i utes at °C, follo ed   i utes at °C eeded fo  pol e ase 
a ti atio . Ne t,  les of a plifi atio s e e pe fo ed a d at the e d a  i te al at high 
te pe atu e as used to o tai  the elti g u e a d e if  hethe  o -spe ifi  a plifi atio s 
o u ed. 
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Figu e . : The al ea tio  le of RT-PCR. 

 

The elati e RNA e p essio  as al ulated a o di g to the ∆∆Ct ethod [ ],  dete i i g 
the le th eshold Ct  alues a d usi g β-a ti  as the housekeepi g ge e. 

B iefl , E oStud  soft a e as e plo ed to de i e fo  ea h ell a Ct alue, hi h ep ese ts the 
u e  of les e essa  fo  the fluo es e e alue to ise a o e a p edete i ed th eshold. 

This alue is i e sel  p opo tio al to the a ou t of RNA p ese t, si e the lo e  the u e  of 
les to ea h the th eshold alue, the g eate  the a ou t of RNA p ese t at the egi i g of 

the p o ess. All Ct alues e e o alized to the housekeepi g ge e a ti   su t a tio  of the 
C  alue of a ti , o tai i g a ΔCt: 

ΔCt = Ct GENE – Ct ACTIN 

Su se ue tl , the ΔCt of the ge e as o alized to the o t ol sa ple, thus e t apolati g the 
ΔΔCt: 

ΔΔCt = ΔCt SAMPLE – ΔCt CONTROL 

F o  this alue, the e p essio  of the ge e of i te est ith espe t to the housekeepi g ge e 
as ua tified:  

RQ =  -ΔΔC
t 

 

 

. . .  Histological analyses 

Sta da d histologi al te h i ues e e used to p o ess the sa ples. B iefl , se tio s o tai ed 
f o  pa affi -e edded li e , splee , hea t, kid e , lu gs a d ai  tissues e e stai ed ith 
hae ato li  a d eosi  H&E . All histologi al e a i atio s e e o du ted  the sa e 
pathologist p of. Ma ia Guido, Depa t e t of Medi i e, Ge e al Patholog  a d C topatholog  
U it, U i e sit  of Pado a , li ded to the stud  g oups of o igi  of the se tio s.  
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. .  Statistical analysis 

O tai ed data e e a al zed ith the soft a e G aphPad P is  .  a d o pa ed usi g o e- a  
ANOVA. I  the e e t of sig ifi a t diffe e es α = . , the ANOVA as follo ed up ith the 
Tuke  post-ho  test. A p alue < .  as o side ed statisti all  sig ifi a t. U less othe ise 
stated, data a e p ese ted as ea  ± SD. 

 

 

 





 

  

 RESULTS 
 

.  PRELIMINARY STUDIES 

. .  Liposomes characterization by Dynamic Light Scattering DLS  measurements 

Di e sio al a al sis of liposo es fo ulated du i g p eli i a  studies, i ol i g the use of 
PEG kda-lipid s  de i ati es, p o ided the esults epo ted i  Ta le . . 

 

Ta le . : Liposo e size dist i utio  a d pol dispe sit  i de  PdI . 

 Size  PdI 

CL aked  .  ± .  .  
SL stealth  .  ± .  .  
SSL  super stealth DSPE  .  ± .  .  
SSL  super stealth DSPE  .  ± .  .  

 

 
All liposo al fo ulatio s e e ha a te ized  esi les ith a ea  h d od a i  dia ete  of 
a out  , so the  a  e lassified as s all u ila ella  esi les SUV . Mo eo e , the 
suspe sio s e e ho oge eous si e the pol dispe sit  i de  as al a s lo e  tha  .  a d the 
i st u e t e ealed the p ese e of o l  o e populatio  of pa ti les of the sa e di e sio s, 
ep ese ted as a si gle peak, ith s all sta da d de iatio s. I  Figu e .  it is epo ted a  

e a ple of di e sio al a al sis  DLS of a liposo al sa ple. 

 

 

Figu e . : E a ple of di e sio al a al sis  DLS. 
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. .  Long-term stability studies 

Di e sio al a al sis o e  ti e as pe fo ed  DLS easu e e ts of  M sa ples of ea h 
liposo al fo ulatio , o tai i g . % /  NaN  a d sto ed up to  o ths at °C.  
Naked liposo es CL  sta ted to agg egate afte   o ths of sto age at °C si e a se o d 
populatio  peak  of pa ti les appea ed a ou d  , a ou ti g fo  % of the total 
populatio  of liposo es. PEG lated liposo es, i stead, ai tai ed thei  di e sio s fo  lo ge  
pe iods si e agg egates appea ed o l  afte   o ths alo g ith a  i ease of PdI. 
Colle ted data a e epo ted i  Ta le .  a d Ta le . . 

 
Ta le . : Mea  size a d PdI o e  ti e of aked liposo es. 

 CL 

ti e ea  size  PdI 

 da  .  ± .  .  
 da s .  ± .  .  
 da s .  ± .  .  
 da s .  ± .  .  
 da s .  ±  .  

 da s . ± .  .  
 da s .  ± .  .  
 da s .  ± .  .  
 da s .  ± .  .  

 o th .  ± .  .  

 o ths .  ± .  %  
.  ± .  %  .  

 

Ta le . : Mea  size a d PdI o e  ti e of PEG lated liposo es. 

 SL SSL  SSL  

ti e ea  size  PdI ea  size  PdI ea  size  PdI 
 da  .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  

 da s .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  

 o th .  ± .  .  .  ± .  .  .  ± .  .  
 o ths .  ± .  .  .  ± .  .  .  ± .  .  
 o ths .  ± .  .  .  ± .  .  .  ± .  .  

 o ths 
.  ± . %  

 ± . %  
.  .  ± .  .  .  ± .  .  

 o ths     
.  ± . %  

.  ± . %  
.  

.  ± . %  
.  ± . %  

.  
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. .  In vitro stability experiments in presence of a detergent 

I  Figu e .  a d Figu e .  a e ep ese ted the sta ilit  p ofiles of the liposo al fo ulatio s, 
espe ti el  i ludi g % ol a d % ol of PEG kda-lipid s  de i ati es, i  p ese e of 

i easi g o e t atio s of dete ge t T ito  X- . 

 

 
Figu e . : Sta ilit  p ofile of liposo e ith % ol of PEG kDa- DSPE  o pa ed to aked liposo es i  the p ese e 
of i easi g o e t atio  of T ito  X- . 
 
 

 

 

Figu e . : Sta ilit  p ofile of liposo e ith % ol of PEG kDa- DSPE  o pa ed to aked liposo es i  the 
p ese e of i easi g o e t atio  of T ito  X- . 

 

The ge e al t e d sho  fo  all tested fo ulatio  as a  i itial p og essi e i ease i  esi les 
size, follo ed  a sudde  dis uptio  he  a e tai  o e t atio  of dete ge t as ea hed, 

ith fo atio  of i ed i elles.  

A egati e t e d of sta ilit  e e ged ith the i ease of the h d opho i  a ho  PEG-DSPE > 
PEG-DSPE  > PEG-DSPE  i  the fo ulatio s ith % ol of PEG kda-lipid s  de i ati es. O  the 
othe  ha d, fo ulatio s ith % ol of pol e  p o ed to e e e  less sta le tha  those ith 

% ol, si e the e ui ed o e t atio  of dete ge t fo  liposo e dis uptio  as espe ti el  
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 M a d -  M.  I  additio , these fo ulatio s sho ed a si ila  sta ilit  eha io  
ea i g that, a o e a e tai  pol e  o e t atio , liposo es a e i t i si all  u sta le. 

  

. .  Doxorubicin release experiments 

E apsulatio  effi ie  as si ila  fo  oth CL, SL a d SSL  - % . The liposo al fo ulatio s 
e e a al zed  fluo o ete  to assess the DXR fluo es e e de ue hi g o e  ti e, thus 

e ide i g the d ug elease p ofiles sho  i  Figu e . . 

 

Figu e . : I  it o eleasi g p ofiles of do o u i i  f o  the liposo al fo ulatio s. 

 

Afte   hou s of i u atio  at °C the pe e tage of DXR elease is lo e  tha  . % fo  aked 
a d stealth liposo es, he eas lo e  tha  % fo  supe  stealth liposo es SSL . Supe  stealth 
liposo es SSL , i stead, e e ha a te ized  a  i itial u st elease effe t du i g the fi st fe  

i utes, afte  hi h a plateau as ea hed, a d the d ug as ot eleased sig ifi a tl . The total 
DXR leakage f o  SSL  esulted lo e  tha  %. 

O e all, the d ug leakage as e  slo  fo  all fo ulatio s ea i g that DXR is effi ie tl  
e t apped i side the a o a ie . This depe ds o  the d ug ole ules hi h, upo  e t ap e t 
i side the a ueous a idi  o e, get p oto ated a d asso iate to sulfate di ale t a io s fo i g 
DOX-sulfate agg egates as st aight fi e  u dles [ , , ]. The efo e, i  o de  to e eleased 
do o u i i  should fi st dissol e a d the  diffuse a oss the ila e , p o ess that e ui es lo ge  
ti es tha  the elease of a d ug i  its solu le fo . 

 

. .  Pharmacokinetics in rats 

DXR ua tifi atio   fluo i et  of plas a sa ples allo ed to o tai  the pha a oki eti  
p ofile Figu e . Figu e .  a d pa a ete s of ea h liposo al fo ulatio . I  Ta le .  a e 
epo ted the pha a oki eti  pa a ete s o tai ed usi g the soft a e PK Sol e  .  a d appl i g 

a i o pa t e tal odel. 
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A o di g to data sho , stealth liposo es p ese ted a p olo ged half-life t½ ~ h  o pa ed 
to SSL  t½ ~ h  a d SSL  t½ ~ h , hi h e e eli i ated e e  faste  f o  the loodst ea  tha  

aked liposo es t½ ~ h . Co o da tl , the lea a e ate of SSL  as o pa a le to that of 
aked liposo es ~  µl/h , he eas the lea a e ate of SSL  as i eased of o e tha  -fold 

~ .  µl/h , p o i g the desta ilizi g effe t of PEG kda-lipid s  de i ati es. Co u e tl  ith the 
fast lea a e f o  the loodst ea  a d de eased half-life of SSL , a lo e  AUC as also 
o se ed ith espe t to the othe  liposo al fo ulatio s.  

These fi di gs o fi ed the t e d o se ed i  the sta ilit  tests ith T ito  X- . 

 

 
Figu e . : I  i o pha a oki eti  p ofiles of the liposo al fo ulatio s. 

 

 

Ta le . : Pha a oki eti  pa a ete s al ulated  PK Sol e  . . 

 t /  α h  t /  β h  Vd l  AUC µg/ l·h  Clp µl/h  

CL aked  .  .  .  .  .  

SL stealth  .  .  .  .  .  

SSL  super stealth DSPE  .  .  .  .  .  

SSL  super stealth DSPE  .  .  .  .  .  

 

 

Due to the i sta ilit  of SSL  a d SSL  s ste s it as de ided to fu the  sta ilize the liposo es 
usi g PEG kDa. 
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.  SYNTHESIS OF PEG DENDRON-LIPIDS DERIVATIVES 

. .  Synthesis of PEG dendrons 

De d o s a e epetiti el  a hed pol e s hi h, tha ks to the i eased u e  of 
fu tio aliza le pe iphe al g oups, allo  the o jugatio  of ultiple ole ules depe di g o  the 

a hi g deg ee . The efo e, diffe e t PEG de d o s e e s thesized sta ti g f o  eithe  
PEG kDa-NHS o  Bo -NH-PEG kDa-NHS ith the pu pose of o jugati g  o   ole ules of 

phospholipid.   

The s thesis p o eeded  de i atizatio  at the NHS-a ti ated a o l e d ith a s et i  
di a o li  a hi g age t, a el  β-gluta i  a id β-Glu , alte ated to the o se ue tl  
a ti atio  of the e  a o li  g oups. This oupli g/a ti atio  steps e e epeated u til the 
e ui ed a hi g deg ee as a hie ed to o se t the oupli g ith  o   ole ules of DSPE. 

The esults of the s thesis e e epo ted i  Ta le . . 

 

Ta le . : Results a d ields of the s thesis steps of PEG de d o s. 

S thesis steps of  
mPEG kDa-βGlu- βGlu 2- NHS   

Yield 
% /  

NHS a ti atio   
degree %  

βGluta i  a id 
oupli g %  

PEG-NHS    

PEG-βGlu    

PEG-βGlu- NHS     

PEG-βGlu- βGlu      

PEG-βGlu- βGlu - NHS      

 
S thesis steps of  
Bo -NH-PEG kDa-βGlu- βGlu 2- NHS   

Yield 
% /  

NHS a ti atio   
degree %  

βGluta i  a id 
oupli g %  

Bo -NH-PEG-NHS    

Bo -NH-PEG-βGlu    

Bo -NH-PEG-βGlu- NHS     

Bo -NH-PEG-βGlu- βGlu      

Bo -NH-PEG-βGlu- βGlu - NHS      

 
S thesis steps of  
mPEG kDa-βGlu- βGlu 2- βGlu - NHS 8 

Yield 
% /  

NHS a ti atio   
degree %  

βGluta i  a id 
oupli g %  

PEG-NHS    

PEG-βGlu    

PEG-βGlu- NHS     

PEG-βGlu- βGlu      

PEG-βGlu- βGlu - NHS      

PEG-βGlu- βGlu - βGlu     

PEG-βGlu- βGlu - βGlu - NHS     
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S thesis steps of  
Bo -NH-PEG kDa-βGlu- βGlu 2- βGlu - NHS 8 

Yield 
% /  

NHS a ti atio   
degree %  

βGluta i  a id 
oupli g %  

Bo -NH-PEG-NHS    

Bo -NH-PEG-βGlu    

Bo -NH-PEG-βGlu- NHS     

Bo -NH-PEG-βGlu- βGlu      

Bo -NH-PEG-βGlu- βGlu - NHS      

Bo -NH-PEG-βGlu- βGlu - βGlu     

Bo -NH-PEG-βGlu- βGlu - βGlu - NHS     

 

 

. .  Characterization of the synthesized PEG dendrons 

Afte  ea h step of β-Gluta i  a id oupli g to the pol e , fo  fu the  i easi g PEG a hi g, 
the deg ee of de i atizatio  as assessed  H NMR spe t os op  a d the pe e tages a e 
epo ted i  Ta le . . The alues e e al ulated  i teg atio  of the sig als of β-Gluta i  a id 
ith espe t to a efe e e sig al, a el  the Bo  p ote ti g g oup i teg ati g fo   H  fo  Bo -

PEG de d o s a d the etho  g oup fo  PEG de d o s i teg ati g fo   H . I  Figu e .  - 
Figu e .  a e epo ted the H NMR spe t a of the fi al PEG de d o s, p io  to the last a ti atio  
of the distal a o l g oups, ith the o espo di g sig als i teg atio s sho  i  Ta le .  - 
Ta le . .  
 

 

Figu e . : H NMR spe t os op  of PEG-βGlu βGlu  i  D O δ .  pp . 
 

Ta le . : Sig als i teg atio  of PEG-βGlu βGlu . 
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-NHCH CH - .    .  



RESULTS 
 

  

A o di g to data epo ted i  Ta le .  a out % of β-Gluta i  a id de i atizatio  as a hie ed, 
o espo di g to .  ol COOH/ ol of PEG. The p ese e of  a o l g oups fo  ea h ole ule 

of pol e  as e ough to allo  the follo i g o jugatio  ith  ole ules of DSPE to a hie e 
PEG kDa- DSPE . 

 

 

 

Figu e . :  H NMR spe t os op  of PEG-βGlu βGlu βGlu  i  D O δ .  pp . 

 

Ta le . : Sig als i teg atio  of PEG-βGlu βGlu βGlu . 
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Theoreti al 
i tegratio  

Speri e tal 
i tegratio  

-NHCH CH CONH- .    
.  

-NHCH CH COOH  .    
-OCH  .  s   
- CH CH O - .  s  .  
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I  this ase, a  a e age of .  ol COOH/ ol PEG as a hie ed oughl  % of β-Gluta i  a id 
de i atizatio , hi h as suffi ie t to pe it the follo i g oupli g of  ole ules of DSPE to 
o tai  PEG kDa- DSPE . 

 

 



RESULTS 
 

  

 

Figu e . : H NMR spe t os op  of Bo -NH-PEG-βGlu βGlu  i  D O δ .  pp . 

 

Ta le . : Sig als i teg atio  of Bo -NH-PEG-βGlu βGlu . 
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The data i  Ta le .  o fi ed the a e age oupli g of t o ole ules of β-Gluta i  a id to ea h 
PEG ole ule .  ol of COOH/ ol PEG . Su h deg ee of de i atizatio  as suffi ie t to 
o se t the oupli g of  DSPE a d p o ide Bo -NH-PEG kDa- DSPE . 

 

 

 

Figu e . : H NMR spe t os op  of Bo -NH-PEG-βGlu βGlu βGlu  i  D O δ .  pp . 
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Ta le . : Sig als i teg atio  of Bo -NH-PEG-βGlu βGlu βGlu . 
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A o di g to Ta le .  a out % of β-Gluta i  a id de i atizatio  as o tai ed, efle ti g the 
p ese e of .  ol COOH/ ol PEG a d allo i g fo  the o jugatio  of  ole ules of DSPE to 

ield the fi al Bo -NH-PEG kDa- DSPE . 

 

Fu the  ha a te izatio   MALDI-TOF ass spe t os op  of s thesized PEG de d o s 
pe itted to assess the effe ti e i e e t of ole ula  eight o pa ed to the sta ti g 
pol e . I  Figu e .  a e epo ted the ass spe t os op  a al ses of Bo -NH-PEG kDa-NHS, Bo -
NH-PEG kDa-βGlu- βGlu - NHS  a d Bo -NH-PEG kDa-βGlu- βGlu - βGlu - NHS . 

 

 
 

Figu e . : MALDI-TOF ass spe t os op  of A  Bo -NH-PEG kDa-NHS, B  Bo -NH-PEG kDa-βGlu- βGlu - NHS  a d C  
Bo -NH-PEG kDa-βGlu- βGlu - βGlu - NHS . 
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The o se ed ole ula  eight of Bo -NH-PEG kDa-NHS as .  Da. The ole ula  eight of 
Bo -NH-PEG kDa-βGlu- βGlu - NHS , i stead, esulted as .  Da, o fi i g a  a e age 
oupli g of  ole ules of β-Gluta i  a id a d % NHS a ti atio . Bo -NH-PEG kDa-βGlu- βGlu -
βGlu - NHS  sho ed a ole ula  eight of .  Da, justif i g the o jugatio  of  β-Gluta i  

a id ole ules a d % NHS a ti atio . 

I  Figu e . Figu e .  a e epo ted the ass spe t os op  a al ses of PEG kDa-NHS, 
PEG kDa-βGlu- βGlu - NHS  a d PEG kDa-βGlu- βGlu - βGlu - NHS . The o tai ed a e age 
asses of the s thesized PEG de d o s e e o siste t ith the i teg atio s of H NMR 

spe t os op . PEG kDa-NHS ole ula  eight esulted .  Da. The o se ed ole ula  
eight of PEG kDa-βGlu- βGlu - NHS , i stead, as .  Da, justif i g the atta h e t of  β-

Gluta i  a id ole ules a d % NHS a ti atio . PEG kDa-βGlu- βGlu - βGlu - NHS  esulted 
ith a ole ula  eight of .  Da, o espo di g to the de i atizatio  ith a out  β-Gluta i  

a id ole ules a d % NHS a ti atio . 

 

 

 

 
Figu e . :  MALDI-TOF ass spe t os op  of A  PEG kDa-NHS, B  PEG kDa-βGlu- βGlu - NHS  a d C  PEG kDa-
βGlu- βGlu - βGlu - NHS . 
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. .  Distearoylphosphatidylethanolamine DSPE  conjugation and PEG dendron-
lipids derivatives purification 

 

The a o l g oups of the s thesized PEG de do s e e a ti ated to su i i ide este s a d 
oupled to eithe   o   ole ules of distea o lphosphatid letha ola i e DSPE , leadi g to the 
o espo di g PEG de d o -lipids de i ati es. Se e al app oa hes e e e ploited to pu if  the 

fi al p odu ts f o  u ea ted DSPE a d othe  o ta i a ts. The fi st ethod elied o  the 
oupli g of f ee DSPE to lau o l hlo ide, hi h as added to the ea tio  i tu e afte  ea tio  
o pletio , to sele ti el  e o e DSPE upo  p e ipitatio  i  o ga i  sol e t. It as de ided to 
o du t a p eli i a  test o  a li ea  Bo -NH-PEG kDa-NHS ea ted ith a  e ess of DSPE. I  

Figu e .  a d Figu e .  a e epo ted the H NMR spe t a of the ea tio  i tu e efo e a d 
afte  pu ifi atio , espe ti el . Ta le .  efe s to the sig als i teg atio  of the ea tio  i tu e 

efo e pu ifi atio , taki g as efe e e Bo  i teg ati g fo   H . 

 
 

 

Figu e . : H NMR spe t os op  of Bo -NH-PEG kDa-DSPE ea tio  i tu e  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of Bo -NH-PEG kDa-DSPE ea tio  i tu e . 
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The i teg atio  alues epo ted i  Ta le .  o fi ed the p ese e of e ess DSPE i  the 
ea tio  i tu e, the efo e pu ifi atio  as eeded. The sig als at δ .  pp  t  a d δ .  pp  

 a e ha a te isti  of t ieth la i e, eage t used to eate asi  o ditio s, i  deute ated 
hlo ofo .  

 

 

Figu e . : H NMR spe t os op  i  CDCl  δ .  pp  of the ea tio  i tu e afte  pu ifi atio  ith lau o l hlo ide. 

 

 

The H NMR spe t u  sho  i  Figu e .  e ide ed that the a idi  o ditio s o igi ated o e  
ti e f o  the ea tio  et ee  lau o l hlo ide a d u ea ted DSPE led to the dep ote tio  of 
the pol e  Bo  lea age . This side- ea tio  is ot desi ed at this step e ause the p i a  
a i o g oup ge e ated a  also ea t ith a ti ated oieties. PEG p oto s e e take  as 
efe e e a d the i teg atio  of Bo  sig al esulted i  .  H, i stead of the e pe ted  H fo  ea h 
ole ule of PEG, hi h ea s that o l  a out % of PEG as still Bo -p ote ted. Fo  this easo , 

it as de ided to e ploit a othe  ethod fo  DSPE pu ifi atio  ithout iski g PEG dep ote tio  
fo  Bo -PEG de d o  de i ati es. 

The se o d app oa h elied o  the lo  solu ilit  of DSPE i  a eto it ile to e o e the u ea ted 
a ou t  sele ti e p e ipitatio  ith espe t to PEG de d o -lipids de i ati e, si e PEG 
i eased the solu ilit  of o jugated phospholipids. This ethod as fi stl  e ploited to pu if  
the ea tio  i tu e o tai i g Bo -NH-PEG kDa- DSPE . I  Figu e .  is epo ted the H NMR 
spe t u  of the olle ted supe ata ts, ith the o espo di g sig als i teg atio  sho  i  Ta le 

. . Figu e .  a d Ta le . , i stead, efe  to the H NMR spe t os op  of the e o e ed 
p e ipitate afte   les of p e ipitatio  i  ACN, sto age at - °C a d su se ue t e t ifugatio . 
The i teg atio  of the sig als i  the spe t u  as pe fo ed taki g as efe e e the Bo  
p ote ti g g oup of PEG i teg ati g fo   H . 

 



RESULTS 
 

  

 
Figu e . : H NMR spe t os op  of pu ified Bo -NH-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of pu ified Bo -NH-PEG kDa- DSPE . 
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The esult of the i teg atio s as o siste t ith the o jugatio  of  ole ules of DSPE. 

 

 

Figu e . :  H NMR spe t os op  i  CDCl  δ .  pp  of the p e ipitate e o e ed f o  DSPE pu ifi atio . 

 

Ta le . : Sig als i teg atio  of the p e ipitate e o e ed afte  pu ifi atio . 
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I  the fi al e o e ed p e ipitate a la ge e ess of DSPE as fou d, as sho   the i teg atio  
alues of Ta le . , ut also PEG as still p ese t, despite  epeated les of pu ifi atio   

p e ipitatio  i  ACN had ee  pe fo ed. This ea s that p o a l  the diffe e e i  solu ilit  
et ee  the PEG de d o -lipids de i ati e a d f ee DSPE as ot suffi ie t to p o ide o plete 

pu ifi atio   ea s of sele ti e p e ipitatio  i  o ga i  sol e t. I  additio , o l   g of 
pu ified p odu t e e e o e ed out of the i itial  g of a ti ated pol e  used fo  the 
ea tio , p o i g that this ethod as ot as effi ie t as e pe ted e ause a o siste t a ou t 

of PEG o-p e ipitated ith u ea ted DSPE. 

He e, espe iall  fo  the pu ifi atio  of the PEG de d o  de i ati e oupled to  ole ules of 
DSPE it as de ided to eso t to a othe  te h i ue. Afte  the ea tio  of  g of Bo -NH-
PEG kDa-βGlu βGlu βGlu NHS  % NHS a ti atio  ith ,  e ui . DSPE  g  ith espe t 
to the a ti ated a o l g oups, a fi st pu ifi atio  step  p e ipitatio  i  ACN as pe fo ed 
a d  g of p odu t e e e o e ed. H NMR spe t os op  ould ’t e e ploited to ua tif  
the deg ee of DSPE de i atizatio  si e the efe e e sig al of Bo  as o e ed  the sig als of 
t ieth la i e, so it as de ided to pe fo  a  additio al pu ifi atio   flash olu  
h o atog aph . 

The efo e, thi  la e  h o atog aph TLC  as fi stl  a ied out to assess the sepa atio  of the 
o pou ds i  the ea tio  i tu e. I  Figu e .  a e epo ted the est sepa atio  o ditio s 

a hie ed  elutio  ith CHCl :MeOH :  /   l +  µl H O . O  the left the ea tio  i tu e 
R  as o pa ed to DSPE a d . % /  i h d i  i  EtOH solutio  as used fo  DSPE 
isualizatio . O  the ight, i stead, the o pa iso  as ade ith the PEG kDa-

βGlu βGlu βGlu NHS  usi g iodi e apo s I  fo  PEG isualizatio . 

 

 

Figu e . : Thi  la e  h o atog aph TLC  of the ea tio  i tu e. O  the left i h d i  stai i g as used fo  DSPE 
isualizatio , he eas o  the ight iodi e apo s fo  PEG ide tifi atio . The o ish ed spot i di ated ith *  
o espo ds to the p odu t. 

 
 

The pu ifi atio   flash h o atog aph  as pe fo ed o   g of p odu t, hi h e e 
dissol ed i  the s allest possi le olu e of hlo ofo  a d loaded i to the olu . I  Figu e .  

* 
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a e epo ted the f a tio s i itiall  eluted: f a tio s -  o tai i g the p odu t e e gathe ed, 
o e t ated, p e ipitated i  old dieth l ethe  a d d ied u de  a uu  to e o e  the p odu t.  

 

 

Figu e . : F a tio s olle ted  flash olu  h o atog aph . 

 

O l   g of pu ified p odu t e e e o e ed out of the sta ti g  g a d ha a te ized  
H NMR spe t os op  Figu e . , Ta le . . 

 

 

 

Figu e . : H NMR spe t os op  of pu ified Bo -NH-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of pu ified Bo -NH-PEG kDa- DSPE . 
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A o di g to the i teg atio  alues epo ted i  Ta le . a  a e age of  DSPE ole ules e e 
oupled to ea h ole ule of PEG de d o . This esult de o st ated that DSPE ea ted 
ua titati el  ith the a ti ated a o l g oups si e also i  the p e iousl  TLC the e e e ’t 

spots o espo di g to u ea ted DSPE i  the ea tio  i tu e. 

Si e the ield of p odu t e o e  as e  lo , all the e ai i g f a tio s e e eu ited, 
togethe  ith the eluate o tai ed afte  ashi g the olu  ith  l of etha ol, o e t ated 
a d p e ipitated i  old dieth l ethe . Afte  d i g u de  a uu  othe   g e e e o e ed ut 
H NMR spe t os op  e ealed the p ese e of a  e ess of DSPE. It a  e o luded that 

p o a l  a o side a le a ou t of p odu t e ai ed sta ked i to the olu . 

 

Thus, it as de ided to pu if  the s thesized PEG de d o -lipids de i ati es si pl   dial sis i  
% /  MeOH, si e DSPE is ode atel  solu le i  MeOH. The fi al pu ified X-PEG kDa- DSPE  

e e ha a te ized  H NMR spe t os op  as sho  i  Figu e . - Figu e . . The i teg atio  
of the sig als Ta le .  - Ta le .  as pe fo ed usi g the Bo  p ote ti g g oup as efe e e 
fo  Bo -NH-PEG kDa- DSPE  de i ati es a d the etho  g oup fo  PEG kDa- DSPE  de i ati es. 
The o l  e eptio  as ade fo  Bo -NH-PEG kDa- DSPE  si e a suffi ie t a ou t  g  as 
al ead  pu ified  p e ipitatio  i  a eto it ile Figu e . . 

 

 

Figu e . : H NMR spe t os op  of pu ified PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of pu ified PEG kDa- DSPE . 
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Figu e . : H NMR spe t os op  of pu ified PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of pu ified PEG kDa- DSPE . 
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Figu e . : H NMR spe t os op  of pu ified Bo -NH-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of pu ified Bo -NH-PEG kDa- DSPE . 
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The pu ifi atio   dial sis of Bo -NH-PEG kDa- DSPE  o fi ed the esults o tai ed  flash 
olu  h o atog aph  pu ifi atio , si e the sig als i teg atio  of the H NMR spe t u  i  

Figu e .  e ide ed the de i atizatio  of the pol e  ith  DSPE ole ules. 

Diffusio  o de ed NMR spe t os op  DOSY  elates the he i al shifts of NMR eso a es f o  
a gi e  ole ula  spe ies to the t a slatio al diffusio  oeffi ie t of that spe ies. DOSY has ee  
utilized as a po e ful tool i  e e t ea s to i estigate solutio  state st u tu es a d i te a tio s 
of s all o ga i  ole ules, o ga o etalli  agg egates, a d a o ole ules [ ]. 
Cha a te izatio  of the pu ified p odu ts  H DOSY NMR spe t os op  Figu e .  - Figu e .  
o fi ed that the ole ule of DSPE e e effe ti el  o ale tl  atta hed to the pol e  
a k o e si e all the he i al shifts of the ole ules ha e the sa e diffusio  oeffi ie t. CDCl  

a d othe  esidual sol e ts e.g. t ieth la i e  p ese ted diffe e t diffusio  oeffi ie ts, as 
e pe ted. 
 
 

 

Figu e . : H DOSY NMR spe t u  of Bo -NH-PEG kDa- DSPE  i  CDCl  at oo  te pe atu e. 
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Figu e . : H DOSY NMR spe t u  of PEG kDa- DSPE  i  CDCl  at oo  te pe atu e. 

 

 

 

Figu e . : H DOSY NMR spe t u  of PEG kDa- DSPE  i  CDCl  at oo  te pe atu e. 
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.  BOC-PEG DENDRON-LIPIDS DERIVATIVES MODIFICATION FOR 
LIGAND COUPLING 

 

. .  Removal of protecting group t-Boc from Boc-NH-PEG dendron-lipids 
derivatives 

Bo  p ote ti g g oup as lea ed i  a idi  o ditio s f o  Bo -NH-PEG kDa- DSPE  to f ee the 
p i a  a i o g oup of PEG. The e o al as o fi ed  the a se e of o espo di g sig al 
i  the H NMR spe t u , as sho  i  Figu e .  a d Figu e .  espe ti el .  

 

 

Figu e . : H NMR spe t os op  of H N-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

The pe e tage of f ee a i o g oups as al ulated  S de  a d So o i ski assa , esulti g i  
% of dep ote ted pol e . 

 

 

Figu e . : H NMR spe t os op  of H N-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

S de  a d So o i ski assa  as pe fo ed to assess the deg ee of Bo - lea age, esulti g i  % 
of f ee a i o goups. 
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. .  SPDP coupling to NH -PEG kDa- DSPE n 

N-Su i i id l -[ -p id ldithio]-p opio ate este  SPDP  as oupled to PEG de d o -lipids 
de i ati es ith the ai  of i t odu i g a e e si le disulphide o d that a  e e ploited fo  the 
follo i g oupli g of the ta geti g liga d. 

Afte  o/  ea tio  i  asi  o ditio s of H N-PEG kDa- DSPE  ith SPDP, S de  a d So o i ski 
assa  as pe fo ed to ua tif  PEG f ee a i o g oups a d, thus, the deg ee of SPDP 
de i atizatio , esulti g as . %. This esult o fi ed that the ea tio  took pla e su essfull , 

ith a ield of ea tio  o espo di g to % / . The p odu t as ha a te ized  H NMR 
spe t os op  a al sis a d o pa ed to the NMR spe t u  of SPDP Figu e . , Ta le .  a d 
Ta le . , esulti g i  a out % of SPDP de i atizatio . This alue ight e u de esti ated 
si e the sig al of PEG p oto s as take  as efe e e. 

 

 

Figu e . : H NMR spe t os op  of SPDP i  ed  a d PDP-NH-PEG kDa- DSPE  i  lue  i  CDCl  δ .  pp . 

 
Ta le . : Sig als i teg atio  of SPDP. 
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Ta le . : Sig als i teg atio  of PDP-NH-PEG kDa- DSPE . 
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. .  BMPS coupling to NH -PEG kDa- DSPE n 

N- β- alei idop op lo su i i ide este  BMPS  as o jugated to PEG de d o -lipids 
de i ati es to p o ide a te i al alei ide ea ti e oiet  hi h a  e fu the  e ploited fo  
the oupli g of the ta geti g liga d,  fo atio  of a o - lea a le thioethe  o d. 
H N-PEG kDa- DSPE  as fi st ea ted ith BMPS i  asi  o ditio s at pH . . S de  a d 
So o i ski assa  as pe fo ed to assess the a ou t of f ee a i o g oups i  the ea tio  

i tu e a d, thus, of u ea ted PEG, esulti g as % so the oupli g ea tio  took pla e 
su essfull  ield: % / . The p odu t as ha a te ized  H NMR spe t os op  a al sis 
a d o pa ed to the spe t u  of BMPS Figu e . , Ta le . . 
 

 

Figu e . : H NMR spe t os op  of BMPS ed  a d BMP-NH-PEG kDa- DSPE  lue  i  DMSO-d  δ . - .  pp . 
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Ta le . : Sig als i teg atio  of BMPS. 

 

 

As sho  i  Figu e .   the a o  i  the H NMR spe t u  of BMP-NH-PEG kDa- DSPE  the 
sig al of the alei ide p oto s as issi g, so it as h pothesized that e essi e alei ide 
h d ol sis o u ed i  these o ditio s. The o fi atio  as gi e   the H NMR spe t u  of 
BMPS i  D O i  p ese e of a s all pe e tage of NaOD to p o ide asi  e i o e t Figu e 

. . 

 

 

Figu e . : H NMR spe t os op  of h d ol zed BMPS i  D  added of NaOD. 

 

This h pothesis as o fi ed  the p ese e of the t o sig als at δ .  pp  a d δ .  pp , 
fo ed upo  alei ide i g ope i g, also i  the p e iousl  epo ted Figu e .  H NMR 
spe t u  the diffe e e i  he i al shift as due to the diffe e t deute ated sol e t used .  

The ea tio  as the efo e epeated lo e i g the pH at .  to slo  the h d ol sis ea tio . I  
Figu e .  a d Figu e .  is sho  the H NMR spe t os op  a al sis of the a hie ed p odu t, 

ith the o espo di g sig als i teg atio s i  Ta le .  a d Ta le . . 

 
 

Che i al shift, 
δ pp  Multipli it  Theoreti al 

i tegratio  
Speri e tal 
i tegratio  

-CH CON-  a  .  s  .  
-CH COO-   .  t  .  
-CH NCO-  .  t  .  
-CH=CH-  d  .  s  .  
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Figu e . : H NMR spe t os op  of BMP-NH-PEG kDa- DSPE  i  CDCl  δ .  pp . 

 

Ta le . : Sig als i teg atio  of BMP-NH-PEG kDa- DSPE . 

 Che i al shift, 
δ pp  Multipli it  Theoreti al 

i tegratio  
Speri e tal 
i tegratio  

-CH  [DSPE] .  t  .  
- CH -CH  [DSPE] .  s  .  
- CH CH O - .  s  .  
--CH=CH-  .  s  .  

 

A o di g to the i teg atio  alue of the alei ide p oto s, oughl  % of BMPS oupli g as 
a hie ed i  fo  BMP-NH-PEG kDa- DSPE . A  u de esti atio  is e pe ted si e the i teg atio  

as al ulated ith espe t to PEG p oto s. 

  

 

Figu e . : H NMR spe t os op  of BMP-NH-PEG kDa- DSPE  i  CDCl  δ .  pp . 
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Ta le . : Sig als i teg atio s of BMP-NH-PEG kDa- DSPE . 

 Che i al shift, 
δ pp  Multipli it  Theoreti al 

i tegratio  
Speri e tal 
i tegratio  

-CH  [DSPE] .  t  .  
- CH -CH  [DSPE] .  s  .  
- CH CH O - .  s  .  
--CH=CH-  .  s  .  

 

A si ila  alue of BMPS de i atizatio  as o tai ed fo  BMP-NH-PEG kDa- DSPE  % . 
U de esti atio  is e pe ted also i  this ase. 

 

 

.  PREPARATION OF Fab’ 

The hole a ti od  T astuzu a  as fi stl  ha a te ized  t o disti t ass spe t o et  
a al ses, MALDI-TOF a d ESI-TOF, to dete i e its ole ula  eight, esulti g i  .  Da 
a d .  Da, espe ti el  Figu e .  a d Figu e . . 

 

 

 

Figu e . : Dete i atio  of T astuzu a  ole ula  eight  MALDI-TOF ass a al sis. 
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Figu e . : Dete i atio  of T astuzu a  ole ula  eight  ESI-TOF ass a al sis. 

 

The diffe e e i  ole ula  eight is att i uta le to the hete oge eous gl os latio  patte  of 
T astuzu a , sho  i  the zoo ed ass spe t u  epo ted i  the s ua ed o  i  Figu e . . 

P oteol ti  digestio  of T astuzu a  ith pepsi  p o ided the F a ’  hi h as pu ified  gel 
filt atio . The o espo di g h o atog aphi  p ofile, eluted at  l, is epo ted i  Figu e . . 

 

 

Figu e . : Ch o atog aphi  p ofile of F a ’  pu ifi atio   gel filt atio  h o atog aph  o  a Supe ose  /  
GL olu  eluti g ith PBS X pH . , i  iso ati  o ditio s, at a flo  ate of .  l/ i  =  . 
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The olle ted peak as ha a te ized  ass spe t os op , as sho  i  Figu e . , to assess the 
ole ula  eight of F a ’ .  MALDI-TOF ass spe t os op  p o ided .  Da a d ESI-TOF 
ass a al sis .  Da. 

 

 

Figu e . : Dete i atio  of F a ’  ole ula  eight  MALDI-TOF o  the left  a d ESI-TOF o  the ight  
ass a al sis. 

 

Fa ’ as o tai ed  the edu tio  of F a ’  ith stea i e a d as pu ified f o  the edu i g 
age t  gel filt atio  h o atog aph  Figu e . . The o espo di g peak as eluted at .  

l. 

 

 

Figu e . : Ch o atog aphi  p ofile of Fa ’ lue li e  pu ifi atio   gel filt atio  h o atog aph  o  a Supe ose  
/  GL olu  eluti g ith  M sodiu  phosphate,  M sodiu  hlo ide,  M EDTA pH . , i  iso ati  

o ditio s, at a flo  ate of .  l/ i  =  . F a ’  h o atog a  ed li e  as supe i posed to Fa ’ help 
ide tifi atio . 
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As e pe ted, Fa ’ as eluted late  tha  F a ’  due to its lo e  h d od a i  olu e. The 
olle ted peak as a al zed  ass spe t o et  to e aluate the ole ula  eight Figu e . . 

MALDI-TOF ass spe t os op  p o ided .  Da a d ESI-TOF ass a al sis .  Da. 

 

 

Figu e . : Dete i atio  of Fa ’ ole ula  eight  MALDI-TOF o  the left  a d ESI-TOF o  the ight  
ass a al sis. 

 

All pu ified p otei s e e ha a te ized  SDS-PAGE a al sis Figu e . . T astuzu a  
appea ed as a a d at ~  kDa, he eas F a ’  at ~  kDa a d Fa ’ at ~  kDa, o fi i g the 
esults o tai ed  ass spe t os op  a al sis. 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of  a ke s,  T astuzu a ,  
F a ’ ,  Fa ’. P otei s e e stai ed ith Coo assie lue. 
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.  PEGYLATION OF Fab’ 

. .  Fab’ PEGylation with MAL-PEG kDa-FITC 

Fa ’ PEG latio  as pe fo ed i ediatel  afte  Fa ’ pu ifi atio . P eli i a  studies e e 
pe fo ed usi g MAL-PEG kDa-FITC a d the ea tio  i tu e as pu ified  gel filt atio  as sho  
i  Figu e . . The olle ted peaks e e ha a te ized  SDS-PAGE a al sis Figu e . . 

 

 

Figu e . : O  the left is sho  the o pa iso  et ee  the h o atog aphi  p ofiles of Fa ’-PEG kDa-FITC g ee  li e , 
Fa ’ lue li e  a d F a ’  ed li e . O  the ight is epo ted the h o atog aphi  p ofile of the ea tio  i tu e of 
PEG lated Fa ’: f a tio s ,  a d  e e olle ted a d a al sed  SDS-PAGE. The pu ifi atio  as a ied out o  a 
Supe ose  /  GL olu  i  iso ati  o ditio s flo  ate: . l/ i  eluti g ith PBS X pH . . 

 
 

Due to the highe  h d od a i  olu e p o ided  PEG, the PEG lated p otei  as eluted 
efo e the u o jugated Fa ’. 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, f a tio s  
,   a d   olle ted  gel filt atio  h o atog aph . O  the left the gel as stai ed ith iodi e fo  PEG 

isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 



RESULTS 
 

  

The p odu t as su essfull  pu ified si e i  f a tio   o l  o e a d at ~  kDa as o se ed 
oth at the iodi e a d Coo assie stai i g , o espo di g to the o o o jugate Fa ’-PEG kDa-

FITC. The highe  appa e t ole ula  eight of PEG lated Fa ’ is due to PEG hi h has a high 
h d od a i  olu e.  

 

. .  Fab’ PEGylation with PDP-NH-PEG kDa- DSPE n 

PEG latio  of Fa ’ as pe fo ed also ith PDP-NH-PEG kDa- DSPE  as soo  as Fa ’ as pu ified 
to p e e t thiols e-o idatio . The fi st ea tio  as sti ed o/  at °C ith  e ui . of PDP-PEG kDa-
DSPE  a d the ea tio  i tu e as pu ified  gel filt atio  Figu e . . The olle ted peaks 
e e ha a te ized  SDS-PAGE a al sis Figu e . . 

 

 

Figu e . : O  the left is sho  the o pa iso  et ee  the h o atog aphi  p ofiles of Fa ’-PEG kDa- DSPE  ed li e  
a d Fa ’ lue li e . O  the ight is epo ted the h o atog aphi  p ofile of the ea tio  i tu e of PEG lated Fa ’: 
f a tio s ,  a d  e e olle ted a d a al sed  SDS-PAGE. The pu ifi atio  as a ied out o  a Supe ose  /  
GL olu  i  iso ati  o ditio s flo  ate: . l/ i  eluti g ith PBS X pH . . 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, f a tio s  
,   a d   olle ted  gel filt atio  h o atog aph . PDP-NH-PEG kDa- DSPE  as used as efe e e . O  the 

left the gel as stai ed ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 
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SDS-PAGE a al sis e ealed  iodi e stai i g that f a tio   o espo ded to the u ea ted PEG 
de d o -lipids de i ati e fo i g i elles i  a ueous solutio s. The e pe ted p odu t, i stead, 
o espo ded to f a tio   i  hi h a a d at ~  kDa as o se ed oth at the iodi e a d 

Coo assie stai i g. The i te sit  of the a d as ot st o g also e ause the p otei  
o e t atio  of f a tio  , dete ted  UV-Vis spe t ophoto et i  easu e e t, as too lo  

to pe it the loadi g of the sa e a ou t of p otei  of the othe  la es o l  .  µg e e used 
i stead of  µg . F a tio   o espo ded to u ea ted Fa ’. 

Rea ti g Fa ’ ith a i tu e of PEG kDa- DSPE :PDP-PEG kDa- DSPE  :  ol/ ol see ed to 
i ease the ield of PEG lated Fa ’ as sho  i  Figu e .   ha a te izatio  th ough SDS-PAGE 
a al sis of the ea tio  i tu e. 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, ea tio  
i tu e of Fa ’ ith PEG kDa- DSPE :PDP-PEG kDa- DSPE  :  ol/ ol.   µg a d   µg of total p otei  i  the 

ea tio  i tu e. PEG i elles of PEG kDa- DSPE :PDP-PEG kDa- DSPE  :  ol/ ol e e loaded as efe e e . O  
the left the gel as stai ed ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 

 

The a ds i  la e  o espo di g to u ea ted Fa ’ ~  kDa  a d o o o jugate Fa ’-PEG kDa-
DSPE  ~  kDa  e e ua tified usi g I ageJ soft a e to assess the a ou t of PEG lated Fa ’ 
ithi  the ea tio  i tu e, esulti g i  a out % of Fa ’-PEG kDa- DSPE . 

 

. .  Fab’ PEGylation with BMP-NH-PEG kDa- DSPE n 

Fa ’ as ea ted also ith BMP-PEG kDa- DSPE , efe ed to as MAL-PEG kDa- DSPE  fo  si pli it , 
a d the ea tio  i tu e as ha a te ized  SDS-PAGE a al sis a d o pa ed to the ea tio  

i tu e of Fa ’ PEG latio  ith o e ial MAL-PEG kDa-DSPE Figu e . . 

The o o o jugate Fa ’-PEG kDa- DSPE  u  as a glo ula  p otei  of ~  kDa due to the high 
ole ula  eight of PEG. U ea ted Fa ’ o espo ded to the a d at ~  kDa. The a ds 

o se ed at ~  kDa, i stead, a  e att i uted to the PEG lated hea  a d light hai  of Fa ’, 
o tai ed upo  e essi e edu tio  of F a ’   stea i e that o u  at a e tai  e te t, leadi g 
to the fo atio  of this -p odu ts as i pu ities. 
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Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  
T astuzu a , - ’  F a ’ , - ’  Fa ’, - ’  o e ial MAL-PEG kDa-DSPE, - ’  ea tio  i tu e of Fa ’ PEG lated 

ith MAL-PEG kDa-DSPE, - ’  MAL-PEG kDa- DSPE , - ’  ea tio  i tu e of Fa ’ PEG lated ith MAL-PEG kDa-
DSPE , - ’  MAL-PEG kDa- DSPE , - ’  ea tio  i tu e of Fa ’ PEG lated ith MAL-PEG kDa- DSPE . O  the left the 

gel as stai ed ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 

 

 

.  OPTIMIZATION Fab’ PRODUCTION 

S ale-up of Fa ’ p odu tio   ea tio  of .  g/ l of F a ’  ith  M stea i e led to 
e essi e edu tio  of Fa ’, esulti g i  the fo atio  of t o a ds at ~ -  kDa o espo di g 
to the hea  a d light hai s of Fa ’ , as sho   SDS-PAGE a al sis epo ted i  Figu e . . 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  
T astuzu a ,  F a ’ ,  Fa ’. Stai i g ith Coo assie lue as used fo  p otei s isualizatio . 

 

The efo e, diffe e t ea tio  o ditio s e e tested ith the ai  of opti izi g the ield of Fa ’ 
a d p e e ti g its e essi e edu tio . The ha a te izatio s e e pe fo ed  SDS-PAGE 
a al sis. 
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. .  Fixed F ab’  concentration 

The fi st atte pt as pe fo ed  keepi g F a ’  o e t atio  o sta t at .  g/ l a d 
a i g stea i e o e t atio  i  the a ge of  to  M. SDS-PAGE ha a te izatio  is 
epo ted i  Figu e . . 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, F a ’  ; 
F a ’  .  g/ l  edu tio  ith stea i e  M ,  M ,  M , a d  M . P otei s e e stai ed 

ith Coo assie lue. 

 
 
E essi e edu tio  of Fa ’ as still o se ed he  usi g eithe   o   M stea i e, he eas 

 a d  M stea i e p o ided i o plete edu tio  of F a ’ .  
The efo e, the e pe i e t as epeated de easi g F a ’  o e t atio  to  g/ l a d usi g 

. - -  M stea i e. Figu e .  e ide ed that edu i g oth F a ’  a d stea i e 
o e t atio  ould ’t p e e t e essi e edu tio  a d, i  additio , e  lo  ield of Fa ’ as 

a hie ed, hilst F a ’  as still the p edo i a t spe ies i  al ost all ases. 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  g/ l 
F a ’  edu tio  ith stea i e .  M   i ,   i ,   i ; stea i e  M   i ,   i , 

  i ; stea i e  M   i ,   i ,   i . Coo assie lue as used fo  p otei s stai i g. 
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. .  Fixed cysteamine concentration 

A othe  tested app oa h i plied keepi g o sta t stea i e o e t atio   M  hilst 
a i g F a ’  o e t atio  f o   g/ l to  g/ l. Cha a te izatio   SDS-PAGE is 
epo ted i  Figu e . . 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, F a ’  
edu tio  usi g  M stea i e:   g/ l F a ’  –  i ;   g/ l F a ’  –  i ;   g/ l F a ’  –  

i ;   g/ l F a ’  –  i ;   g/ l F a ’  –  i ;   g/ l F a ’  –  i ;   g/ l F a ’  –  
i ;   g/ l F a ’  –  i ;   g/ l F a ’  –  i . P otei s e e stai ed ith Coo assie lue. 

 

No e of these o ditio s p o ided just the desi ed Fa ’ e ause i  all ases ele a t edu tio  of 
the i te hai  disulphide o d as o se ed t o a ds at ~ -  kDa , as ell as o - edu ed 
F a ’ . 

 

. .  Other conditions 

Othe  o ditio s a o di g to se tio  . .  e e tested to assess hethe  ha ges i  
te pe atu e, pH a d uffe  ould affe t the ield of ea tio . Cha a te izatio   SDS-PAGE 
a al sis of ea h tested o ditio  is sho  i  Figu e .  a d Figu e . . 
 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  g/ l 
F a ’  edu ed ith  M stea i e i  .  M phosphate uffe ,  M EDTA pH .  afte    i ,   i ,   
h,   h,   h,   h,   h,   h;  .  g/ l F a ’  edu ed ith  M stea i e i  PBS,  M EDTA pH 

. . P otei s e e stai ed ith Coo assie lue. 
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Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  F a ’ ;  
.  g/ l F a ’  edu ed ith  M stea i e  i  t i  i   M sodiu  a etate,  M Na SO  pH . ,  M 

EDTA pH . ;   g/ l F a ’  ea ted fo   h at °C ith  M stea i e i   .  M phosphate uffe ,  M EDTA 
pH . ;  g/ l F a ’  edu ed at °C i   M NaCl,  M NaH₂PO₄,  M EDTA pH .  ith  M stea i e 
afte    i ,   i ,   i . P otei s a e stai ed ith Coo assie lue. 
 

No e of the tested o ditio s ould p o ide a good ield of Fa ’ f ag e t as p e ale t spe ies 
si e at the sa e ti e a o siste t a ou t of eithe  F a ’  o  Fa ’ hea  a d light hai s e e 
o tai ed. Thus, it as de ided to ha ge st ateg , t i g to sele ti el  e-o idize just the f ee 
thiols of hea  a d light hai s, thus efo i g the disulphide i te hai  o d. 

 

 

.  SELECTIVE RE-OXIDATION Fab’ 

Mild e-o idatio  of i te hai  disulphide o d et ee  hea  a d light hai  the Fa ’ f ag e t 
as atte pted  ea s of  µM CuSO . SDS-PAGE a al sis ha a te izatio  of ea h ea tio  is 

epo ted i  Figu e . . 
 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  ea tio  
i tu e of .  g/ l F a ’  edu tio  ith stea i e; Fa ’ e-o idatio  ith  µM CuSO  afte    i ,   h,  

 h,   h. Coo assie lue as used fo  p otei  isualizatio . 
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No e of the tested o ditio s ould p o ide effi ie t e-o idatio , so the a ou t of CuSO  as 
i eased to . -  M a d the ea tio  as o ito ed  SDS-PAGE a al sis Figu e . . 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds,  ea tio  
i tu e of .  g/ l F a ’  edu tio  ith  M stea i e; Fa ’ e-o idatio  ith .  M CuSO  afte    h, 
  h; ith .  M CuSO  afte    h,   h; ith  M CuSO  afte    h,  h. P otei s e e stai ed ith 

Coo assie lue. 

 

 

I u atio  ith .  M CuSO  fo   h p o ed to e the est o ditio  si e the i te sit  of the 
t o a ds efe i g to the hea  a d light hai  of Fa ’ se si l  de eased i  o espo de e to 
a  i eased i te sit  of the a d of Fa ’. I  additio , the fo atio  of u desi ed highe  MW 
agg egates as o se ed he  CuSO  o e t atio  as i eased to . -  M.  

I  oth gels, F a ’  a d at ~  kDa appea ed si e stea i e e o al  e t ifugatio  
th ough  k MWCO PES o e t ato s ould ot pu if  also o - edu ed F a ’ . Ho e e , si e 
F a ’  does ’t p ese t a  ea ti e oiet  PEG latio  a ’t o u  at this f ag e t a d 
pu ifi atio  a  e a hie ed i  a follo i g step. 

 

 

. .  Selective re-oxidation followed by Fab’ PEGylation 

Si e the e-o idatio  step ight affe t also the i i al sulfh d l g oups used fo  PEG oupli g, 
e-o idized Fa ’ as ea ted ith MAL-PEG kDa-DSPE to assess hethe  its ea ti it  to a d the 
alei ide g oup of PEG as ai tai ed o  ot.  

 



RESULTS 
 

  

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of p otei  sta da ds STD , F a ’  , 
F a ’  edu tio  ith  M stea i e , Fa ’ e-o idatio  ith  µM CuSO  afte   h i u atio  , Fa ’ pu ified 

 gel filt atio  h o atog aph  , ea tio  i tu e of Fa ’ PEG latio  ith MAL-PEG kDa-DSPE . O  the left the gel 
as stai ed ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 

 

As sho  i  Figu e . , PEG latio  afte  Fa ’ e-o idatio  did ’t o u  si e iodi e stai i g did ’t 
e eal a ds at ~  kDa o o o jugate , p o a l  e ause the e-o idatio  i ol ed also the 

t o i i al sulfh d l i  the hi ge egio  of the Fa ’.  
 

 

. .  Fab’ PEGylation followed by selective re-oxidation 

Fa ’ PEG latio  follo ed  la d a d sele ti e e-o idatio  of the sulfh d l g oups of the hea  
a d light hai s of Fa ’ p o ided the e pe ted esults. SDS-PAGE a al sis epo ted i  Figu e . , 
i deed, e ide ed that Fa ’ PEG latio  su essfull  o u ed si e a a d at ~  kDa as isi le 

oth ith iodi e a d Coo assie lue stai i g, o espo di g to the o o o jugate. 
Fu the o e, the i te sit  of the t o a ds of Fa ’ hea  a d light hai s ~ -  kDa  a d the 
o espo di g PEG lated fo s ~  kDa  as ot o siste t.  

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  F a ’ , 
- ’  F a ’  edu tio  ith  M stea i e, - ’  Fa ’ pu ified  gel filt atio  h o atog aph , - ’  ea tio  
i tu e of Fa ’ PEG latio  ith MAL-PEG kDa-DSPE afte   h i u atio   µM CuSO . O  the left the gel as stai ed 
ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 
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.  EVALUATION OF STORAGE CONDITIONS 

As sho   the SDS-PAGE a al sis i  Figu e . , usi g ate  i stead of  M NaCl,  M 
NaH₂PO₄,  M EDTA pH .  uffe  fo  stea i e pu ifi atio   ea s of PES o e t ato s 
de i es, d asti all  edu ed the e essi e edu tio  of Fa ’ f ag e t. I  additio , sig ifi a t 
diffe e es a o g the tested sto age o ditio s to e if  the effe t o  p otei  i teg it  e e 

ot o se ed. To e su e that Fa ’ ea ti it  to a ds PEG alei ide g oup as still p ese ed, 
e e  i  a se e of EDTA, edu ed a d pu ified Fa ’ as ea ted ith MAL-PEG kDa-DSPE a d the 
PEG latio  o u ed su essfull , ad de o st ated i  Figu e . .  

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, F a ’  , 
Fa ’ pu ifi atio  f o  stea i e th ough k MWCO PES o e t ato s usi g  M NaCl,  M NaH₂PO₄,  M 
EDTA pH .  uffe , follo ed  sto age  N  f eezi g , at - °C  a d at °C . C stea i e pu ifi atio  usi g 

ate , i stead of uffe ed solutio , a d sto age  f eezi g i  N  , at - °C  a d at °C . 

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  F a ’ , 
- ’  F a ’  edu ed ith  M stea i e a d uffe  e ha ged i  ate  usi g PES k MWCO; - ’  MAL-PEG kDa-

DSPE; - ’  ea tio  i tu e of Fa ’ PEG latio  ith MAL-PEG kDa-DSPE. 
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.  IMMUNOLIPOSOMES FORMULATION 

. .  Liposomes preparation 

A  e a ple of di e sio al a al sis of o e tio al CL , stealth SL  a d supe  stealth SSL  
liposo es fo ulated i ludi g % ol of PEG kDa- DSPE , is epo ted i  Ta le . . 

 
Ta le . : E a ple of liposo e size dist i utio  a d pol dispe sit  i de  PdI . 

 Size  PdI 

CL aked  .  ± .  .  ± .  
SL stealth  .  ± .  .  ± .  
SSL  super stealth DSPE  .  ± .  .  ± .  
SSL  super stealth DSPE  .  ± .  .  ± .  

 

 

All fo ulated liposo es e e ha a te ized  a ea  dia ete  of a out -  , e ept fo  
o e tio al liposo es CL  hi h e e s alle  a d easu ed a out  . This slight diffe e t 

i  h d od a i  olu e a  e att i uted to the p ese e o  a se e of PEG o  liposo es 
su fa e. The suspe sio s e e ho oge eous, ith a e  lo  pol dispe sit  i de  PdI < . , 
si e the i st u e t e ealed the p ese e of o l  o e populatio  of pa ti les of the sa e 
di e sio s, ep ese ted as a si gle peak, ith s all sta da d de iatio s. I  Figu e .  is 
epo ted a  e a ple of di e sio al a al sis  DLS of a liposo al sa ple. 

 

 

Figu e . : E a ple of di e sio al a al sis  DLS. 

 

Do o u i i  as su essfull  loaded i to liposo es, a hie i g a high e apsulatio  effi ie  i  
all fo ulatio s: EE% > % fo  o e tio al CL  a d stealth liposo e SL , he eas EE% > % 
fo  supe  stealth fo ulatio s SSL . 
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. .  Post-insertion of PEG-lipid s  derivatives 

. . .  st approach 

I  the st app oa h the post-i se tio  of PEG de d o -lipids de i ati es as pe fo ed o  
do o u i i -loaded p e-fo ed aked liposo es CL  to o tai  supe  stealth i u oliposo es 
SSIL . PEG kDa- DSPE  a d Fa ’-PEG kDa- DSPE  e e eithe  t a sfe ed sepa atel  a d 

se ue tiall  o  si ulta eousl  as a i tu e.  

SSIL  e e su essfull  fo ulated  se ue tial post-i se tio  of PEG kDa- DSPE  a d Fa ’-
PEG kDa- DSPE  as de o st ated  SDS-PAGE a al ses Figu e . . The h d od a i  olu e 
assessed  DLS easu e e ts afte  post-i se tio  also sho ed a  i ease of a out  , f o  

.  ± .   PdI .  fo  CL liposo es to a fi al ea  size of .  ± .   PdI .  fo  
SSIL . I  additio , i o BCA-assa , pe fo ed o  the fi al pu ified liposo al suspe sio , 
o fi ed the t a sfe  of the liga d- oupled PEG de d o -lipids de i ati es i to the ila e  at a 

fi al atio of  µg Fa ’/µ ol HSPC.  

 

 

Figu e . : Cha a te izatio   SDS-PAGE - %  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’- ’’  
F a ’ , - ’- ’’  MAL-PEG kDa-DSPE , - ’- ’’  Fa ’ PEG latio  ea tio  i tu e, - ’- ’’  SSIL  afte  pu ifi atio   gel 
filt atio  h o atog aph  o  a  CL- B olu . [ - ] Coo assie lue stai i g fo  p otei  isualizatio , [ ’- ’] iodi e 
stai i g fo  PEG isualizatio  a d [ ’’- ’’] u stai ed gel epo ted to sho  the ed spot o espo di g to DXR 
e apsulated i  SSIL . 
 
 
 
SDS-PAGE a al sis e ide ed that afte  pu ifi atio   gel h o atog aph  o  a CL- B olu  
u ea ted Fa ’ ~  kDa  as e o ed a d the t a sfe  of Fa ’-PEG kDa- DSPE  su essfull  
o u ed si e Coo assie lue stai i g e ealed a a d at ~  kDa. 

Cha a te izatio  of SSIL  fo ulated  se ue tial post-i se tio  of PEG kDa- DSPE  a d Fa ’-
PEG kDa- DSPE , i stead, ould ’t e o pleted si e, afte  pu ifi atio   gel h o atog aph  
o  a CL- B olu , liposo es agg egated upo  o e t atio  i  k MWCO A i o  de i es. I  
Figu e .  is epo ted the di e sio al a al sis  DLS easu e e t of SSIL  afte  o e t atio , 
sho i g the fo atio  of a se o d populatio  ~  %  of pa ti les at highe  h d od a i  olu e 
a d pol dispe sit  i de  PdI > . . 
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Figu e . : E aluatio  of SSIL  ea  size afte  pu ifi atio  a d o e t atio . 

 

U fo tu atel , also si ulta eous post-i se tio  of PEG kDa- DSPE  a d Fa ’-PEG kDa- DSPE  
ould ’t p o ide SSIL  e ause the t a sfe  of liga d- oupled PEG de d o -lipids de i ati e did ’t 

o u . Di e sio al e aluatio  th ough DLS easu e e ts o fi ed that liposo es ea  
dia ete  did ’t sig ifi a tl  i ease afte  post-i se tio . The failed t a sfe  as e ide ed  
SDS-PAGE a al sis Figu e . , si e Coo assie lue stai i g did ’t e eal a ds at ~  kDa 
o espo di g to the o o o jugate Fa ’-PEG kDa- DSPE . 

 

 

Figu e . : SDS-PAGE - %  ha a te izatio  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  
T astuzu a , - ’  F a ’ , - ’  F a ’  edu ed  stea i e ea tio  i tu e , - ’  Fa ’ pu ified  gel filt atio  
h o atog aph , - ’  ea tio  i tu e of Fa ’ PEG latio  ith MAL-PEG-DSPE  afte  e-o idatio  ith CuSO , - ’  

MAL-PEG-DSPE , - ’  SSIL  afte  pu ifi atio   CL- B. O  the left the gel as stai ed ith iodi e fo  PEG isualizatio , 
o  the ight ith Coo assie lue to isualize the p otei s. 

 

SIL e e fo ulated  si ulta eous post-i se tio  of PEG kDa-DSPE a d Fa ’-PEG kDa-DSPE to 
assess hethe  the failu e of t a sfe  depe ded o  the fo ulatio  app oa h itself o , pe haps, 
o  the s thesized pol e . Figu e .  e ide ed that also i  this ase the liga d- oupled PEG-
lipid de i ati e failed to t a sfe  f o  the i elles solutio  i to the liposo e ila e  e ause of 
the la k of a ds at ~  kDa, o espo di g to the o o o jugate Fa ’-PEG kDa-DSPE, afte  
pu ifi atio . 
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Figu e . : SDS-PAGE - %  ha a te izatio  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  
T astuzu a , - ’  F a ’ , - ’  F a ’  edu ed  stea i e ea tio  i tu e , - ’  ea tio  i tu e of Fa ’ 
PEG latio  ith MAL-PEG-DSPE afte  e-o idatio  ith CuSO , - ’  MAL-PEG-DSPE, - ’  a d - ’  SIL afte  
pu ifi atio   CL- B at i easi g a ou t. O  the left the gel as stai ed ith iodi e fo  PEG isualizatio , o  the ight 

ith Coo assie lue to isualize the p otei s. 

 

 

Fu the  ha a te izatio  of the o tai ed liposo es as pe fo ed  t a s issio  ele t o  
i os op  TEM . The a ui ed i ages sho ed that supe  stealth i u oliposo es fo ulated 

eithe   se ue tial o  si ulta eous post-i se tio  of oth PEG kDa- DSPE  a d Fa ’-PEG kDa-
DSPE  he e ha a te ized  the p ese e of esi les ith a jagged a d dis o ti uous su fa e, 

i  pa ti ula  SSIL   Figu e . . This ight e plai  the ph si al i sta ilit  of the fo ulatio s. 

 

 

Figu e . : SSIL  ha a te izatio   t a s issio  ele t o  i os op  TEM . 

 

 

. . .  nd approach 

Post-i se tio  of PEG de d o -lipids de i ati es as pe fo ed o  do o u i i -loaded p e-
fo ed stealth SL  a d supe  stealth liposo es SSL  to o tai  the o espo di g supe  stealth 
i u oliposo es SSIL .  
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As sho  i  Ta le . Ta le .  a d Figu e . , di e sio al a al sis th ough DLS 

easu e e ts o  the fi al liposo al suspe sio  of SSIL  a d SIL e ide ed the p ese e of a 
si gle populatio  of pa ti les of the sa e di e sio s, ep ese ted as a si gle peak, ith s all 
sta da d de iatio s. I  additio , oth the suspe sio s e e ho oge eous si e the 
pol dispe sit  i de  as e  lo  PdI < . . 
 
 

Ta le . : I u oliposo es size dist i utio  a d pol dispe sit  i de  PdI . 

 Size  PdI 

SIL stealth i u oliposo es  .  ± .  .  ± .  
SSIL  super stealth i u oliposo es DSPE  .  ± .  .  ± .  

 
 
 

 

Figu e . : Di e sio al a al sis  DLS of A  SSIL  a d B  SIL. 

 
 

SDS-PAGE a al sis o fi ed that the post-i se tio  of liga d- oupled PEG-lipid s  de i ati es 
su essfull  took pla e as de o st ated  Figu e .  a d Figu e . . Mo eo e , 

ua tifi atio   i o BCA-assa  o  the fi al pu ified liposo al suspe sio  esulted i  .  µg 
Fa ’/µ ol HSPC fo  SIL a d .  µg Fa ’/µ ol HSPC fo  SSIL .  
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Figu e . : SDS-PAGE - %  ha a te izatio  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  
T astuzu a , - ’  F a ’ , - ’  ea tio  i tu e of F a ’  edu tio  ith stea i e  M pu ified  k MWCO 
PES, - ’  Fa ’ PEG latio  ith MAL-PEG kDa-DSPE, afte  e-o idatio  ith  µM CuSO  ea tio  i tu e , - ’  SIL 
afte  pu ifi atio   gel filt atio  h o atog aph  th ough CL- B olu . O  the left the gel as stai ed ith iodi e fo  
PEG isualizatio , o  the ight ith Coo assie lue to isualize the p otei s. 

 

 

Figu e . : SDS-PAGE - %  ha a te izatio  i  o - edu i g o ditio s of STD  p otei  sta da ds, - ’  
T astuzu a , - ’  F a ’ , - ’  ea tio  i tu e of F a ’  edu tio  ith stea i e  M pu ified  k MWCO 
PES, - ’  Fa ’ PEG latio  ith MAL-PEG kDa-DSPE , afte  e-o idatio  ith  µM CuSO  ea tio  i tu e , - ’  MAL-
PEG kDa-DSPE ; - ’ - - ’  ,  a d µl espe ti el  of SSIL  afte  pu ifi atio   gel filt atio  h o atog aph  o  a CL-

B olu . O  the left the gel as stai ed ith iodi e fo  PEG isualizatio , o  the ight ith Coo assie lue to isualize 
the p otei s. 

 

 

I  oth SIL a d SSIL , u ea ted Fa ’ a d F a ’  e e su essfull  e o ed f o  the fi al 
liposo e suspe sio   gel filt atio  h o atog aph  th ough a CL- B olu . Fa ’-PEG- DSPE , 
i stead, as t a sfe ed to the lipid ila e  si e a a d at ~  kDa o o o jugated Fa ’  a d 
at ~ -  kDa i o jugated Fa ’  e e e ealed. Di-PEG lated Fa ’ fo ed upo  e essi e 
edu tio  of Fa ’  stea i e. 

I  Figu e .  a e epo ted the i ages a ui ed  TEM a al sis of the fi al liposo al suspe sio  
of SIL a d SSIL . Do o u i i  is isi le as stals i side the esi les. 
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Figu e . : T a s issio  ele t o  i os op  TEM  ha a te izatio  of SIL A, B, C  a d SSIL  D, E, F . 

 

SSIL  fo ulatio  esulted the ost halle gi g also usi g this post-i se tio  app oa h. Follo i g 
do o u i i  loadi g a d e o al th ough PD-  desalti g olu s of o -e apsulated d ug, the 
suspe sio  as o e t ated  e t ifugatio  o  k MWCO A i o  de i es a d ha a te ized 

 DLS. Liposo es esulted eithe  i eased i  ea  size a d pol dispe sit  i de  e.g. .  ± 

.  , PdI > .  o  p ese ted a s all pe e tage of agg egates, lea  sig  of ph si al i sta ilit . 
It as o luded that p o a l  this i sta ilit  as due to the PEG kDa-DSPE  i luded i  the i itial 
lipid i tu e.  

 

 

.  IN VITRO EXPERIMENTS 

. .  Long-term stability studies 

Sa ples of ea h liposo al fo ulatio   µl,  M  o tai i g . % /  NaN  e e i u ated 
at - - °Co e  ti e. Vesi les ea  size a d pol dispe sit  PdI  e e assessed  DLS 

easu e e ts at p edete i ed ti e poi ts as sho  i  Ta le .  – Ta le . . Afte  a out  
o ths of i u atio  at °C a d  °C all tested fo ulatio s e e still sta le a d ho oge eous 

PdI < . , he eas at °C all liposo al fo ulatio s sta ted to agg egate afte   da s of 
i u atio , sho i g also i eased PdI > . . 
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Ta le . : Mea  size a d PdI o e  ti e of stealth liposo es i u ated at - - °C. 

STEALTH LIPOSOMES SL  

°C °C °C 
ti e ea  size  PdI ea  size  PdI ea  size  PdI 

T=  .  ± .   .  .  ± .  .  .  ± .  .  
 da  .  ± .   .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  
 eek .  ± .  .  .  ± .  .  .  ± .  .  
 eeks .  ± .  .  .  ± .  .  Agg egates > .  
 eeks .  ± .  .  .  ± .  .  >    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    

 eeks .  ± .  .  .  ± .  .    

 

 

 

Ta le . : Mea  size a d PdI o e  ti e of stealth i u oliposo es i u ated at - - °C. 

STEALTH IMMUNOLIPOSOMES SIL  

°C °C °C 
ti e ea  size  PdI ea  size  PdI ea  size  PdI 

T=  .  ± .  .  .  ± .  .  .  ± .  .  
 da  .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  
 eek .  ± .  .  .  ± .  .  .  ± .  .  
 eeks .  ± .  .  .  ± .  .  .  ± .  %  .  
 eeks .  ± .  .  .  ± .  .  Agg egates  
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    

 eeks .  ± .  .  .  ± .  .    
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Ta le . : Mea  size a d PdI o e  ti e of stealth liposo es SSL  i u ated at - - °C. 

SUPER STEALTH LIPOSOMES SSL  

°C °C °C 
ti e ea  size  PdI ea  size  PdI ea  size  PdI 

T=  .  ± .  .  .  ± .  .  .  ± .  .  
 da  .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .  .  .  ± .  .  .  ± .  .  
 eek .  ± .  .  .  ± .  .  .  ± .  .  
 eeks .  ± .  .  .  ± .  .  Agg egates > .  
 eeks .  ± .  .  .  ± .  .  >    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    

 

 

 

Ta le . : Mea  size a d PdI o e  ti e of supe  stealth i u oliposo es SSIL  i u ated at - - °C. 

SUPER STEALTH IMMUNOLIPOSOMES SSIL  

°C °C °C 
ti e ea  size  PdI ea  size  PdI ea  size  PdI 

T=  .  ± .  .  .  ± .  .  .  ± .  .  
 da  .  ± .  .  .  ± .  .  .  ± .  .  
 da s .  ± .   .  .  ± .  .  .  ± .  .  
 eek .  ± .  .  .  ± .  .  .  ± .  .  
 eeks .  ± .  .  .  ± .  .  .  ± .  . %  .  
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .   .    
 eeks .  ± .  .  .  ± .  .    
 eeks .  ± .  .  .  ± .  .    
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. .  Drug release experiments 

The fo ulated liposo es e e a al zed  fluo o ete  to assess the DXR fluo es e e 
de ue hi g o e  ti e, thus e ide i g the d ug elease p ofiles sho  i  Figu e . . I  all 
tested fo ulatio  the e as ’t d ug leakage up to  h, ea i g that do o u i i  is effi ie tl  
e t apped i side the a o a ie . 
 

 

Figu e . : I  it o eleasi g p ofiles of do o u i i  f o  the liposo al fo ulatio s. 

 

 
 

. .  Cytotoxicity studies 

. . .  Effect of the liposomal formulations on cell viability 

C stal Violet Assa  o  hu a  east du tal a i o a ell li e BT-  o e e p essi g HER- , 
t eated ith liposo al fo ulatio  at diffe e t do o u i i  o e t atio s, p o ided the esults 
epo ted i  Figu e . . As e pe ted, the f ee d ug as the ost pote t, si e the ell ia ilit  
as edu ed to -  % afte  a h-t eat e t, e e  at the lo est tested o e t atio   µM . 

B  i easi g the o e t atio  to  µM, the ell ia ilit  as edu ed of o e tha  %  all 
t eat e ts, e ept fo   h t eat e t follo ed  a sho t i u atio   h  pe iod.  

As e pe ted, e pt  stealth liposo es SL  p o ed to e o - toto i  at all the tested o ditio s, 
si e the ell ia ilit  as p ese ed. Diffe e es et ee  o -ta geted SL-DXR  a d ta get SIL-
DXR a d SSIL -DXR  liposo al fo ulatio s e e e phasized at  µM DXR. I  fa t, SL-DXR ould 

ot edu e the ell ia ilit  elo  % afte  a  h-t eat e t ith  µM DXR, he eas oth SIL-
DXR a d SSIL -DXR edu ed ell ia ilit  to a out % i  the sa e e pe i e tal o ditio s. 
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Figu e . : Cell ia ilit  %  of BT-  ells t eated fo   h,  h,  h ith f ee do o u i i , do o u i i -loaded stealth 
liposo es SL , do o u i i -loaded stealth i u oliposo es SIL-DXR  a d do o u i i -loaded supe  stealth 
i u oliposo es SSIL  at a fi al DXR o e t atio  of  µM,  µM a d µM. Cells e e also t eated ith e pt  
stealth liposo es SL , used as o t ol, at the sa e lipid o e t atio  of SL-DXR. Afte  t eat e t, ells e e ashed 
a d i u ated ith ultu e ediu  up to  h sho t i u atio  o   h lo g i u atio . 

 
 
Si e the t eat e ts at  µM i  do o u i i  est e ide ed the diffe e es et ee  ta geted 
a d o -ta geted fo ulatio s, statisti al a al sis as o du ted o  the data o tai ed at this 
o e t atio , to as e tai  hethe  SIL-DXR a d SSIL -DXR sho  sig ifi a t diffe e es i  thei  

effe t ith espe t to SL-DXR Figu e . .  
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Figu e . : Sig ifi a e of ell ia ilit  %  diffe e es at  µM do o u i i  et ee  SL, SIL a d SSIL  ith diffe e t 
le gth of t eat e t. * p< . , ** p< . , **** p< .  s SL-DXR. 

 
 
Cell ia ilit  of BT-  ells t eated ith SL-DXR, SIL-DXR a d SSIL -DXR as sig ifi a tl  diffe e t 

ith espe t to ells t eated ith f ee do o u i i  o  e pt  SL data ot sho .  
As de o st ated  Figu e . , statisti all  sig ifi a t diffe e es a o g the fo ulatio s 
ould ’t e o se ed afte   h t eat e t at  µM i  DXR a d additio al i u atio  i  ultu e 
ediu  up to  h. Cell ia ilit  e a e sig ifi a tl  diffe e t *p < .  et ee  ta geted SIL-

DXR a d SSIL -DXR  a d o -ta geted SL-DXR  fo ulatio s afte  h t eat e t follo ed  lo g 
i u atio  i  ultu e ediu  up to  h  a d  the diffe e e et ee  SL-DXR a d SSIL -DXR 

as fu the  st essed **p < .  afte  the  h t eat e t. Ho e e , the g eatest statisti al 
diffe e e a o g ta geted a d o -ta geted liposo es as o se ed afte  the  h t eat e ts 
****p < . . 

 
I  Figu e .  IC  al ulatio  is epo ted fo  ea h liposo al fo ulatio  a d f ee do o u i i . 
This e pe i e t as pe fo ed o  BT-  ells t eated fo   h a d i u ated fo  additio al  
h i  ultu e ediu . It as lea l  e ide ed that, at the tested o ditio s, all the do o u i i -
loaded liposo al fo ulatio s possessed the sa e pote  i  i du i g ell death, si e the IC  

alues he e i tuall  ide ti al Ta le . . S all diffe e es e e o se ed taki g i to 
o side atio  the effi a  of ea h fo ulatio  SL-DXR < SIL-DXR < SSIL -DXR  a d, i te esti gl , 

SSIL -DXR possessed the sa e effi a  of f ee do o u i i .  
 
 



RESULTS 
 

  

 
 

Figu e . : IC  al ulatio  of the liposo al fo ulatio s a d f ee do o u i i . 

 
 

Ta le . : IC  alues of the liposo al fo ulatio s a d f ee do o u i i . 

 IC  µM  

DXR .  
SL-DXR .  
SIL-DXR .  
SSIL  -DXR .  

 
 
 

. . .  Effect of the liposomal formulations on cell apoptosis 

A p eli i a  e aluatio  of the effe t of the th ee fo ulatio s o  apoptoti  path a s as 
o tai ed th ough a este  lot a al sis ai i g to assess the e p essio  of Clea ed Caspase  
a d Caspase  upo  t eat e t of BT-  ells ith ea h liposo al fo ulatio  a d f ee 
do o u i i , o pa ed to u t eated ells. Clea ed aspase  a d aspase  e e ua tified usi g 
I ageJ soft a e a d o alized to β-a ti  Figu e . . The atio et ee  Clea ed Caspase  
a d Caspase  e p essio  as also e aluated [ ]. 



RESULTS 
 

  

 

Figu e . : Clea ed aspase  a d Caspase  p otei  e p essio  a iatio  e sus u t eated ells. The atio et ee  
Clea ed Caspase  a d Caspase  is also epo ted. 

 

This p eli i a  test e ide ed that afte   h t eat e t, follo ed   h of i u atio  ith 
ultu e ediu , the e p essio  le els of Clea ed Caspase  a ke  of apoptosis  e e i eased 

 al ost -fold i  ells t eated ith DXR, as e pe ted, ith espe t to the u t eated ells. A -
fold i e e t as o se ed i  ells t eated ith the th ee do o u i i -loaded liposo al 
fo ulatio s ith espe t to u t eated ells.  
E pt  SL did ’t affe t the e p essio  of Clea ed Caspase  ith espe t to u t eated ells, si e 
the  did ’t i du e apoptosis. 

 

 

.  IN VIVO EXPERIMENTS 

. .  Pharmacokinetics in rats 

Fluo o et i  a al sis of the olle ted plas a sa ples allo ed the ua tifi atio  of DXR. The 
o tai ed data e e ela o ated usi g the soft a e PK Sol e  .  a d appl i g a i o pa t e tal 

odel to get the pha a oki eti  p ofile Figu e .  a d Figu e .  a d the o espo di g 
pha a oki eti  pa a ete s of ea h liposo al fo ulatio  Ta le . . 
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Figu e . : I  i o pha a oki eti  p ofiles of SL, SIL, SSIL . 

 

 

Figu e . : I  i o pha a oki eti  p ofiles of do o u i i . 

 
Ta le . : Pha a oki eti  pa a ete s al ulated  PK Sol e  . . 

Para eter U it DXR SL SIL SSIL  

t /  α h .  .  .  .  

t /  β h .  .  .  .  

Vd l .  .  .  .  

CL l/h .  .  .  .  

AUC -i f g/ l*h .  .  .  .  

 

Data i  Ta le .  o fi ed the i eased sta ilit  p o ided  PEG de d o -lipids de i ati es 
o e  PEG-si gle phospholipid, si e SSIL  sho ed p olo ged half-life t½ , al ost -fold ith 
espe t to SL. I te esti gl , also SIL t½ esulted -fold p olo ged o pa ed to SL, e e  though it is 

e pe ted to e si ila , so fu the  i estigatio  ight e e ui ed. As e pe ted, all liposo al 
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fo ulatio  p ese ted a  i eased half-life ith espe t to the f ee do o u i i . A edu tio  i  
lea a e ate as also o se ed, f o  ~ .  l/h fo  SL to ~ .  l/h fo  SSIL , de o st ati g that 

the fo ulatio  o tai i g PEG de d o -lipids de i ati es e e eli i ated o e slo l  a d, thus, 
i ulate lo ge  i  the loodst ea . O  the othe  ha d, f ee do o u i i  is p o ptl  eli i ated 
~  l/h . SSIL  e e also ha a te ized  highe  ioa aila ilit  AUC  a d dist i utio  olu e 
Vd  o pa ed to all the othe  tested fo ulatio s.  

O e all, SSIL  p o ed to e e do ed ith the est i  i o eha io . 

 

. .  In vivo toxicity evaluation 

. . .  Gene expression quantification by qRT-PCR 

The ge e e p essio  of i te leuki  β IL- β , i te leuki   IL-  a d tu o  e osis fa to  α 
TNFα , as e aluated i  li e , kid e , splee  a d hea t tissues to assess a d o pa e the to i it  

of the liposo al fo ulatio s to a d these o ga s afte  si gle dose ad i ist atio . 

I  Figu e .  the ge e e p essio  of the p o-i fla ato  toki es i  the li e  is epo ted. 

 

 

Figu e . : Ge e e p essio  of the th ee p o-i fla ato  toki es IL- β, IL-  a d TNFα i  the li e .   
*** p< .  s o t ol. 

 

IL- β a d TNFα e p essio  as sig ifi a tl  i eased i  ats t eated ith SIL ***p < . , 
he eas SL a d SSIL  did ’t p o oke sig ifi a t ha ges i  the ge e e p essio  ith espe t to the 

o t ol g oup. Co sta t le els of IL-  e p essio  e e o se ed i  all the stud  g oups, a d ge e 
e p essio  le els of all the th ee toki es as ot affe ted  f ee do o u i i  i  the li e  ith 
espe t to the o t ol g oup. 
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Figu e .  sho s the ge e e p essio  of the th ee toki es i  the kid e s. 

 

 

Figu e . : Ge e e p essio  of the th ee p o-i fla ato  toki es IL- β, IL-  a d TNFα i  the kid e s. 

 

IL- β e p essio  i  a i als t eated ith SIL te ded to i ease also i  the kid e s ut this 
diffe e e as ot statisti all  sig ifi a t, due p o a l  to the high i te -i di idual a ia ilit . 
O e all, o statisti all  sig ifi a t diffe e es i  ge e e p essio  ould e e ide ed i  the a i al 
g oups t eated ith the diffe e t fo ulatio s ith the espe t to the o t ol g oup.  

I  Figu e .  the a iatio  of IL- β, IL-  a d TNFα ge e e p essio  i  the hea t is epo ted. 

 

 

Figu e . : Ge e e p essio  of the th ee p o-i fla ato  toki es IL- β, IL-  a d TNFα i  the hea t.  
* p< . , ** p< . , *** p< . , **** p< .  s o t ol; #### p< .  s SIL. 
 

Si e the ost p o i e t side-effe t of do o u i i  the ap  is a dioto i it , it as i po ta t to 
e aluate the i fla ato  state of hea t tissue. Si e a dioto i it  is dose-depe de t, a lo  
si gle dose a ot p o a l  i du e a dioto i it . Ho e e , a -fold i ease i  IL- β e p essio  
ould e o se ed i  DXR-t eated a i als. I  these e pe i e tal o ditio s, the a i als t eated 
ith the th ee liposo al fo ulatio s sho ed a sig ifi a tl  ele a t i ease of IL- β e p essio  

-fold fo  SIL-t eated a i als a d a out -fold fo  SL a d SSIL  o pa ed to the o t ol g oup. 
Ho e e , IL- β ge e e p essio  as sig ifi a tl  lo e  i  the hea t of SL a d SSIL -t eated a i als 

ith espe t to SIL-t eated ats. The ge e e p essio  of IL-  sho  a t e d si ila  to that of IL- β, 
he eas TNFα i eased sig ifi a tl  i  oth SIL a d SSIL -t eated ats. 
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Figu e .  sho s the le els of ge e e p essio  a iatio  of the th ee toki es i  the splee . 

 

Figu e . : Ge e e p essio  of the th ee p o-i fla ato  toki es IL- β, IL-  a d TNFα i  the splee .  
** p< . , *** p< . , **** p< .  s o t ol; #### p< .  s SIL. 
 

Results sho  i  Figu e .  a e i  a o da e ith the fi di g o tai ed i  the othe  o ga s. The 
ats t eated ith SL, SIL a d SSIL  e ide ed a sig ifi a t i ease of IL- β, IL-  a d TNFα 

e p essio  o pa ed to the o t ol g oup. I  pa ti ula , IL- β e p essio  i eased d a ati all  
-fold  i  SIL t eated ats, he eas a  i ease of a out -fold as o se ed i  a i als t eated 

ith SL a d SSIL . It should also e oti ed that the ge e e p essio  of IL- β i  SL a d SSIL -t eated 
ats as sig ifi a tl  lo e  tha  that of SIL-t eated a i als. Ge e e p essio  of IL-  a d TNFα as 

sig ifi a tl  i eased o l  i  SIL t eated ats ith espe t to the o t ol g oup. 

 

. . .  Histological analyses 

The histologi al a al ses pe fo ed o  li e  a d splee  se tio s a e epo ted elo . The othe  
o ga s i.e. hea t, lu gs, ai  did ’t sho  a  pathologi al alte atio  i  all the g oups of ats 
e a i ed data ot sho . The li e  of at t eated ith f ee DXR Figu e .  a  he e 
u disti guisha le f o  that of o t ol a i als Figu e .  a , he eas ats t eated ith f ee DXR 
sho ed a  e t e el  slight i ease i  he atopoiesis i  the sple i  tissue Figu e .   he  
o pa ed to u t eated ats Figu e .  .  

 

 

Figu e . : Rep ese tati e photo i og aphs of a o t ol at. No histologi al alte atio s ould e o se ed i  the 
li e  a  a d splee  . 
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Figu e . : Rep ese tati e photo i og aphs of a at t eated ith f ee DXR. No histologi al alte atio s i  the li e  a  
a d a slight i eased he atopoiesis i  the sple i  tissue  ould e o se ed. 

 

A i als t eated ith SL-DXR a d SIL-DXR sho ed si ila  histologi al alte atio s i  li e  a d 
splee , i.e. u e ous g a ulo atous lesio s, so eti es asso iated ith apoptoti  odies, i  the 
li e  Figu e .  a , a d a ia le deg ee of histio tosis asso iated ith a ked i ease i  
e t a edulla  he atopoiesis egaka o tosis i  pa ti ula  i  the splee  Figu e .  . 

 

 

Figu e . : Rep ese tati e photo i og aphs of a at t eated ith SL – DXR a d SIL – DXR. Multiple g a ulo atous 
lesio s i  the li e  a, i di ated  a o s  a d e te si e fi osis asso iated ith i eased he atopoiesis i  the 
sple i  tissue  ould e o se ed. 

 

I te esti gl , i  ats t eated ith SSIL -DXR o l  o e isolated g a ulo a as o se ed i  the 
othe ise health  li e s Figu e .  a , a d o l  a slight i ease of he atopoiesis ould e 
o se ed i  the sple i  tissue Figu e .  . 
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Figu e . : Rep ese tati e photo i og aphs of a at t eated ith SSIL  – DXR. A  isolated g a ulo atous lesio  i  
the li e  a, i di ated  the a o  a d slightl  i eased he atopoiesis i  the sple i  tissue  ould e o se ed. 

 

 

 

 

 

 





 

  

  DISCUSSION 
 

Mode  pha a euti al te h olog  is ai i g at o e o i g the li itatio s i posed  lassi al 
a ti a e  the ap  a d, the efo e, i p o i g the pha a oki eti  p ofile of ole ules e do ed 

ith good iologi al a ti it  ut p ese ti g lo  the apeuti  i de  a d e a ka le side effe ts. 
The p ese t o k fo uses o  do o u i i , a  a th a li e a ti ioti  o o l  used i  the 
t eat e t of a ide a ge of he atologi al alig a ies a d solid tu o s. Despite ei g highl  
pote t IC :  M –  µM depe di g o  the ell li e [ ] , its li i al use is li ited  se e al 
side effe ts, su h as a ute o iti g a d ausea, u ositis, gast oi testi al p o le s, alope ia, 
et ., a d the ost p o i e t ei g a dioto i it . These side effe ts a e att i uta le to the la k 
of sele ti it  of do o u i i  to a d a e  ells. The efo e, the esea h has ee  fo usi g 
th ough the ea s o  the de elop e t of D ug Deli e  S ste s DDSs  to a hie e a sele ti e 
deli e  to the tu o  site e ploiti g spe ifi  ta geti g age ts.  
No ada s, liposo es a e o side ed a o gst the ost useful a d e satile of all DDSs. A  
i po ta t tu i g poi t i  the field of d ug deli e  as a hie ed ith stealth liposo es, o tai ed 

 su fa e odifi atio  ith h d ophili  pol e s, usuall  pol eth le e gl ol PEG . This st ateg  
o fe s stealth  p ope ties, allo i g to a oid the e og itio  a d su se ue t lea a e  the 
o o u lea  phago te s ste , the e  i easi g thei  i ulatio  half-life. I  su h a , a  

i eased dose of a ti a e  d ug a  passi el  a u ulate i  the tu o  site e ploiti g the 
e ha ed pe eatio  a d ete tio  EPR  effe t [ ]. The pol e  is atta hed to the ila e   

ea s of o jugatio  to a atu al phospholipid like distea o lphosphatid letha ola i e DSPE , 
o tai i g a PEG-si gle phospholipid de i ati e hi h is i luded i  lipid i tu e du i g the 
fo ulatio  p o ess. Do l®/Cael ®, o tai i g PEG kDa-DSPE, as the fi st stealth liposo al 
do o u i i  fo ulatio  ea hi g the a ket. Ho e e , it as epo ted i  lite atu e [ ] that the 

e efi ial effe t of PEG shieldi g ight e lost upo  PEG-phospholipid deta h e t i  iologi al 
li uids, lea i g the a ie  ul e a le to opso izatio . To sol e this p o le  Supe  Stealth 
Liposo es SSLs  e e de eloped [ ] i  hi h a ole ule of PEG de d o   kDa is li ked to  o   

ole ules of DSPE PEG de d o -lipids de i ati e  allo i g to i ease the h d opho i  
i te a tio s ith the ila e , the e  edu i g the deta h e t.  
Fu the  ad a e e t i  liposo es de elop e t as a hie ed ith the i t odu tio  of stealth 
i u oliposo es SILs . I  fa t, the use of o o lo al a ti odies A s  o  thei  f ag e ts 
Fa ’, s F , e t.  as ta geti g age ts, o jugated at the distal e d of PEG-si gle phospholipid 

de i ati es, has sho  to p o ote the spe ifi  deli e  to solid tu o  ells,  i di g ith high 
affi it  to tu o -asso iated i te alizi g age ts, o e e p essed o  the su fa e of these ells. 
The goal of the p ese t o k as to ge e ate a e  fo ulatio  of Supe  Stealth 
I u oliposo es SSILs  hi h should e oth sta le i  the loodst ea  a d a le to ea h 
sele ti el  the ta get  o jugatio  of PEG de d o -lipids de i ati es to the Fa ’ oiet  
f ag e t, a tige - i di g  of a o o lo al a ti od . I  this ase, the sele ted Fa ’ de i ed f o  
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T astuzu a  that ta gets, ith high affi it , the hu a  epide al g o th fa to  e epto   
HER , hi h is o e e p essed o  the su fa e of e tai  tu o  ells. 

Si e o e ial Do l® o tai s PEG kDa-DSPE, the i itial idea as to fo ulate supe  stealth 
i u oliposo es usi g as ell PEG kDa de d o -lipids de i ati es. Fi stl , p eli i a  i  it o a d 
i  i o studies e e a ied out ith SSLs p epa ed ith PEG kDa- DSPE  to assess hethe  the 
ph si o- he i al p ope ties a d half-life e e i p o ed o pa ed to the o espo di g SLs. 
S all u ila ella  esi les SUV  ith a ea  h d od a i  dia ete  of a out   e e 
o tai ed, a o di g to di e sio al a al sis  d a i  light s atte i g DLS . I  additio , the 
suspe sio s e e ho oge eous, ith a e  lo  pol dispe sit  i de  PdI < . . I  it o sta ilit  
studies o e  ti e e ide ed, as e pe ted, that o e tio al aked liposo es e e less sta le 
o pa e to PEG lated fo ulatio s si e afte  t o o ths of sto age at °C a se o d populatio  

of pa ti les agg egates  appea ed at .  ± .  , a ou ti g fo  % of the total liposo es 
populatio . SL, i deed, esulted ho oge eous a d sta le up to  o ths of sto age, he eas SSLs 
sta ted to agg egate afte  al ost  o ths, o fi ed  the i eased PdI SL:  ± .   
[ %]; SSL : .  ± .   [ %]; SSL : .  ± .   [ %] . The t e d p o ed the 
sta ilizi g effe t p o ided  PEG, hi h p e e ts agg egatio   fo i g a h d ophili  shield o  
liposo es su fa e that p o ides ste i  hi d a e. The liposo al fo ulatio s e e the  t eated 

ith i easi g o e t atio  of a dete ge t, T ito  X- , to e aluate a d o pa e thei  sta ilit  
p ofile. All tested fo ulatio s sho ed a p og essi e i ease i  ea  dia ete , follo ed  a 
sudde  dis uptio , ith fo atio  of i ed i elles i  solutio , o e the iti al o e t atio  of 
dete ge t as ea hed, at hi h satu atio  of the liposo e ila e  is a hie ed. Co pa i g the 
p ofiles of the fo ulatio s ith % ol of PEG kda- DSPE , a egati e t e d of sta ilit  e e ged 

ith the i ease of the h d opho i  a ho  PEG-DSPE > PEG-DSPE  > PEG-DSPE  a d the 
liposo e dis uptio  as a hie ed at -  M T ito  X- . Ho e e , the diffe e es e e ot 
ele a t, e e  o pa ed to aked liposo es, the efo e the i  it o sta ilit  i  p ese e of a 

dete ge t ight ot de i e e lusi el   the effe t of a o e sta le atta h e t of PEG to the 
ila e  ut also  the p ese e of h d oge ated so ea  phosphatid l holi e HSPC  hi h 

fo s pa ked a d sta le ila e s. I  this ase, i deed, he  the h d opho i  a ho  of PEG is 
i eased liposo es dis upted at slightl  lo e  dete ge t o e t atio s, i di ati g i o  
sta ilit . I  the fo ulatio s ith % ol of pol e  a si ila  sta ilit  t e d as o se ed 

ea i g that, a o e a e tai  pol e  o e t atio , liposo es a e i t i si all  u sta le a d  
M T ito  X-  as suffi ie t to i du e esi les dis uptio . It should e oti e that all these 

fo ulatio s e e less sta le ith espe t to o e tio al liposo es. 
Do o u i i  e apsulatio  as pe fo ed  e ote loadi g te h i ue [ - ] a d the 
al ulated e apsulatio  effi ie  esulted a out - % fo  oth CL, SL a d SSL . The d ug as 

effi ie tl  e t apped i side the a o a ie  a d the leakage as e  lo  si e upo  e t ap e t 
i side the a ueous a idi  o e, it gets p oto ated a d asso iates to sulfate di ale t a io s fo i g 
DOX-sulfate agg egates as st aight fi e  u dles [ , , ]. The efo e, do o u i i  should 
fi st dissol e a d the  diffuse a oss the ila e , e ui i g lo ge  ti es tha  the elease of a d ug 
i  its solu le fo . Co se ue tl , the i  i o half-life of e t apped do o u i i  is st i tl  elated 
to that of the a o a ie , a ui i g i eased p o a ilit  to ea h the tu o  site  e ha ed 
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pe ea ilit  a d ete tio  EPR  effe t. Afte   hou s of i u atio  at °C the pe e tage of DXR 
elease as < . % fo  CL a d SL, he eas < % fo  supe  stealth liposo es SSL . SSL , i stead, 

p ese ted a u st elease at the egi i g, ea hi g i  fe  i utes a plateau at hi h do o u i i  
leakage is al ost i sig ifi a t. The total DXR leakage f o  SSL  esulted < %.  
Pha a oki eti s i  fe ale Sp ague Da le  ats o fi ed that stealth liposo es e e the ost 
sta le, p ese ti g a p olo ged half-life t½ ~ h  o pa ed to SSL  t½ ~ h  a d SSL  t½ ~ h , hi h 

e e eli i ated e e  faste  f o  the loodst ea  tha  aked liposo es t½ ~ h . Si ila l , the 
lea a e ate of SSL  as o pa a le to that of aked liposo es .  µl/h a d .  µl/h 
espe ti el , he eas a -fold i e e t of the lea a e ate as o se ed fo  SSL  .  µl/h , 

p o i g the desta ilizi g effe t of PEG kda-lipid s  de i ati es. As a esult, a lo e  AUC as 
dete ted fo  SSL  o pa ed to the othe  liposo al fo ulatio s. O e all, pha a oki eti  studies 
e ide ed the de eased sta ilit  of the fo ulatio s upo  i e e t of the h d opho i  a ho  
of PEG. It as h pothesized that p o a l  less ole ules of PEG kDa- DSPE  ould fit i  the 

ila e  due to the i eased di e sio s of the phospholipid po tio , thus edu i g the u e  of 
PEG hai s, as ell, p ot udi g f o  the liposo es su fa e. This ight esult i  i o plete su fa e 
shieldi g, lea i g the a o a ie  ul e a le to opso izatio  du i g the i ulatio  i  the 

loodst ea . P e ious studies ith supe  stealth liposo es fo ulated ith PEG kDa- DSPE  
sho ed the opposite t e d, ith i eased sta ilit  of the fo ulated liposo es upo  i e e t 
of the u e  of DSPE atta hed to the pol e . Co side i g this fa t, it is also possi le that PEG 

kDa ould ’t p o ide the sa e stealth  effe t o se ed ith PEG kDa. Fo  this easo , it as 
de ided to fo ulate supe  stealth i u oliposo es usi g PEG kDa. 
PEG kDa de d o -lipids de i ati es e e su essfull  s thesized, sta ti g eithe  f o  PEG kDa-
NHS o  Bo -PEG kDa-NHS fo  the follo i g oupli g to ta geti g age t. A o di g to MALDI-TOF 

ass spe t os op  a d H NMR spe t os op  ha a te izatio , a  a e age of oupli g of  β-
Gluta i  a id ole ules as a hie ed i  oth PEG kDa-βGlu βGlu  a d Bo -NH-PEG kDa-
βGlu βGlu . Su h deg ee of de i atizatio  as o side ed suffi ie t to o se t the oupli g of  
DSPE to oth s thesized pol e s. A  a e age of  a d  oupled β-Gluta i  a id ole ules as 
assessed, i stead, fo  PEG kDa-βGlu βGlu βGlu  a d Bo -NH-PEG kDa-βGlu βGlu βGlu , 
espe ti el , allo i g i  oth ases the oupli g of  DSPE. Afte  DSPE o jugatio , se e al 

app oa hes e e e ploited to pu if  the fi al p odu ts f o  u ea ted DSPE a d othe  
o ta i a ts. The fi st ethod, el i g o  the oupli g of f ee DSPE to lau o l hlo ide to 

sele ti el  e o e DSPE upo  p e ipitatio  i  o ga i  sol e t, led to Bo  dep ote tio  as p o ed 
 H NMR spe t os op . The se o d app oa h, elied i stead o  the lo  solu ilit  of DSPE i  

a eto it ile to e o e the u ea ted a ou t  sele ti e p e ipitatio  ith espe t to PEG 
de d o -lipids de i ati e, si e PEG should i ease the solu ilit  of o jugated phospholipids. 
Afte  se e al les of pu ifi atio  of the ea tio  i tu es  p e ipitatio  i  a eto it ile, a 
e tai  a ou t of PEG as still p ese t i  the p e ipitate as dete ted  H NMR spe t os op  

a d, i  additio , the ield of pu ified p odu t as odest a out % . The diffe e e i  solu ilit  
et ee  the PEG de d o -lipids de i ati e a d f ee DSPE as p o a l  ot suffi ie t to p o ide 
o plete pu ifi atio   ea s of sele ti e p e ipitatio  i  o ga i  sol e t, leadi g to o-

p e ipitatio  of PEG de d o -lipids de i ati es ith u ea ted DSPE. He e, pu ifi atio   flash 
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olu  h o atog aph  as atte pted ith Bo -NH-PEG kDa- DSPE  ut also i  this ase the 
ield of pu ified p odu t as e  lo  a out % . The efo e, it as de ided to pe fo  a si ple 

pu ifi atio   dial sis i  % /  MeOH si e DSPE is ode atel  solu le i  MeOH a d H NMR 
spe t os op  ha a te izatio  of the fi al pu ified PEG kDa- DSPE  a d Bo -NH-PEG kDa- DSPE  
o fi ed the effe ti e oupli g of  DSPE ole ules. Pu ified PEG kDa- DSPE  p ese ted, 

i stead,  oupled DSPE ole ules, he eas the o espo di g Bo -PEG de d o  esulted 
o jugated to  DSPE ole ules. Bo  e o al f o  the fi al pu ified Bo -NH-PEG kDa- DSPE  

de i ati es as o fi ed  the disappea a e of the elati e sig al i  the H NMR spe t u , 
allo i g to f ee the distal a i o g oup of PEG. 
Fa ’ F ag e t a tige - i di g  of T astuzu a , hose  as ta geti g age t, as su essfull  
o tai ed  p oteol ti  digestio   pepsi , ieldi g F a ’ , a d fu the  edu tio  of the disulfide 

o ds i  the hi ge egio   stea i e. SDS-PAGE a al sis sho ed that F a ’  a d Fa ’ 
f ag e ts olle ted  gel filt atio  h o atog aph  e e pu e a d the ole ula  eight 
assessed  MALDI-TOF a d ESI-TOF ass spe t o et  also o espo ded. T o diffe e t 
st ategies of Fa ’ o jugatio  to Bo -PEG de d o -lipids de i ati es e e e plo ed, i ludi g 
eithe  the fo atio  of a o - lea a le thioethe  o d o  the eatio  of a e e si le disulphide 

o d. E e  though o - lea a le o ds possess highe  lood sta ilit , disulphide o ds a e also 
elati el  sta le i  i ulatio  a d a e edu ed o l  i side the ells he e highe  o e t atio  of 

thiols, su h as glutathio e, is p ese t. The e e si le disulphide o d as i t odu ed  p e ious 
odifi atio  of PEG ith the hete o ifu tio al oss-li ke  N-Su i i id l -[ -p id ldithio]-

p opio ate este  SPDP  a d fu the  ea tio  ith the sulfh d ls g oup of Fa ’. A o di g to H 
NMR spe t os op  % of SPDP de i atizatio  as a hie ed. SDS-PAGE ha a te izatio  of the 
pu ified ea tio  i tu e e ealed that the est ea tio  ields of o oPEG lated Fa ’ a d at 
~  kDa  e e o tai ed  ea ti g Fa ’ ith a i tu e of :  ol/ ol PEG kDa- DSPE :PDP-
PEG kDa- DSPE . The fo atio  of the o - lea a le thioethe  o d, i stead, as o tai ed  
de i atizatio  at the p i a  a i o g oup of PEG ith N- ß- alei idop op lo su i i ide 
este  BMPS  a d fu the  ea tio  ith the sulfh d ls g oup of Fa ’. H NMR spe t os op  
e ealed that BMPS oupli g to PEG a i o g oup i  asi  o ditio s pH .  o u ed 

su essfull , ut su h o ditio s p o oked the h d ol sis of the alei ide g oup of the oss-
li ke , to a d hi h Fa ’ oupli g is add essed. SDS-PAGE a al sis o fi ed the a se e of 
PEG lated de i ati es. Malei ide deg adatio  as p e e ted  lo e i g the pH to .  eut al 
o ditio s  a d % of BMPS de i atizatio  as a hie ed a d o oPEG lated Fa ’- PEG kDa-DSPE, 

Fa ’-PEG kDa- DSPE  a d PEG kDa- DSPE  e e su essfull  o tai ed a d ha a te ized  SDS-
PAGE a al sis. These liga d- oupled PEG kDa de d o -lipid s  de i ati es e e used i  stealth 
i u oliposo es SILs  a d supe  stealth i u oliposo es SSILs  fo ulatio . 
SDS-PAGE a al sis e ide ed that, upo  s ale-up of Fa ’ p odu tio , e essi e edu tio  of Fa ’ 
o u ed, esulti g i  the fo atio  of t o a ds at ~ -  kDa, o espo di g to the hea  a d 
light hai s of Fa ’. The p ese e of othe  a aila le thiols ight e o e a p o le  du i g the 
PEG latio  step, si e PEG oupli g ight o u  also at these additio al ea ti e sites, ge e ati g 
u desi ed -p odu ts. The eed fo  opti izatio  led to e te si e a al sis of the ea tio  
o ditio s Fa ’ a d stea i e o e t atio s, uffe , pH, te pe atu e  ut also of the 
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pu ifi atio  p o ess a d sto age o ditio s. No e of the tested o ditio s ould p o ide a good 
ield of Fa ’ f ag e t as p e ale t spe ies si e at the sa e ti e a o siste t a ou t of eithe  

F a ’  a d at a out  kDa  o  Fa ’ hea  a d light hai s e e o tai ed. Thus, it as de ided 
to atte pt a sele ti e e-o idatio  of the f ee thiols of hea  a d light hai s, ai i g at efo i g 
the disulphide i te hai  o d. Mild e-o idatio  fo   hou s ith  µM CuSO  p o ided the est 
esults, si e SDS-PAGE a al sis e ide ed that the t o a ds at ~ -  kDa e e al ost 

disappea ed ith espe t to the i itial ea tio  i tu e, ea i g that the disulphide o d as 
e eated. At lo e  o e t atio s of CuSO  the disulphide o d et ee  hea  a d light hai s 
as still edu ed, he eas at highe  CuSO  o e t atio s u desi ed highe  ole ula  eight 

agg egates e e o igi ated. U fo tu atel , the e-o idatio  ea tio  affe ted also the i i al 
sulfh d l g oups of the hi ge egio , to a d hi h the PEG latio  ea tio  is add essed, the e  
p e e ti g thei  ea ti it  a d the la k of Fa ’ PEG latio  as e ide ed  SDS-PAGE a al sis. 
The efo e, Fa ’ PEG latio  should e e essa il  pe fo ed p io  to e-o idatio . I deed, Fa ’ 
PEG latio  follo ed  la d a d sele ti e e-o idatio  of the sulfh d l g oups of the hea  a d 
light hai s p o ided the e pe ted o oPEG lated Fa ’ a d at ~  kDa  a d the diPEG lated 
Fa ’ i  a s alle  pe e tage a d at ~  kDa . Fu the o e, the i te sit  of the t o a ds of 
Fa ’ hea  a d light hai s ~ -  kDa  a d the o espo di g PEG lated fo s ~  kDa  as 

ot o siste t. The latest a hie e e t ega di g F a ’  edu tio  e ide ed that the e essi e 
edu tio  of Fa ’ f ag e t is d asti all  edu ed he  stea i e pu ifi atio  is pe fo ed i  
ate  i stead of  M NaCl,  M NaH₂PO₄,  M EDTA pH .  uffe  solutio . Fa ’ 

ea ti it  to a ds PEG alei ide g oup as still p ese ed a d, additio all , o l  the 
o oPEG lated spe ies as fo ed. At the sa e ti e, diffe e t o e ight sto age o ditio s 
°C, – °C, f eezi g i  li uid N  e e tested to e if  the effe t o  the i teg it  of pu ified Fa ’ 

ut sig ifi a t diffe e es e e ot o se ed ith SDS-PAGE a al sis. This e ide ed that 
p o a l  the e essi e Fa ’ edu tio  as o e o elated to pH a d salts o e t atio  i  the 
ea tio  i tu e solutio  athe  tha  sto age o ditio s. Du i g the p o ess of stea i e 

pu ifi atio  p o a l  so e egio s of o e satu atio  a e ge e ated, a d this ight affe t the 
p otei  i teg it  i  a e tai  a . 
Diffe e t app oa hes of liposo es p epa atio  e e e ploited to assess the est fo ulatio  
o ditio s to o tai  supe  stealth i u oliposo es. PEG-lipid s  de i ati es o /a d liga d-
oupled PEG-lipid s  de i ati es e e i luded i  the fo ulatio  follo i g the post-i se tio  

te h i ue [ ], eithe  i to d ug-loaded p e-fo ed aked liposo es o  i to d ug-loaded p e-
fo ed stealth/supe  stealth liposo es. P io  to post-i se tio , di e sio al a al sis  DLS of the 
sta ti g liposo al suspe sio s o fi ed that all the p epa ed fo ulatio s e e ho oge eous, 

ith a e  lo  pol dispe sit  i de  PdI < . . The ea  dia ete  of the PEG lated fo ulatio s 
SL, SSL , SSL  a ged f o  a out   to  , he eas o e tio al liposo es CL  

easu ed a out  . The slightl  diffe e t h d od a i  olu e a  e att i uted to the 
a se e of PEG- oati g o  liposo es su fa e. Do o u i i  e apsulatio  as pe fo ed  
e ote loadi g te h i ue a d a high e apsulatio  effi ie  as a hie ed i  all fo ulatio s: 

EE% > % fo  o e tio al CL  a d stealth liposo e SL , he eas EE% > % fo  supe  stealth 
fo ulatio s SSL . I  the st post-i se tio al app oa h PEG kDa- DSPE  a d Fa ’-PEG kDa-
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DSPE  e e eithe  t a sfe ed sepa atel  a d se ue tiall  o  si ulta eousl  i tu e  o  
do o u i i -loaded p e-fo ed aked liposo es CL  to o tai  supe  stealth i u oliposo es 
SSIL . E e  though SSIL  e e su essfull  fo ulated a d ha a te ized  DLS a d SDS-PAGE 

a al ses a d i o-BCA assa  fo  Fa ’ ua tifi atio , this ethod failed to p odu e sta le SSIL . 
As soo  as the  e e pu ified  gel h o atog aph , liposo es agg egated upo  o e t atio  
i  k MWCO A i o  de i es, o fi ed  DLS easu e e t i  hi h is epo ted the fo atio  
of a se o d populatio  ~  %  of pa ti les at highe  h d od a i  olu e a d i eased 
pol dispe sit  i de  PdI > . . Othe ise, SDS-PAGE a al sis also e ide ed afte  pu ifi atio  
the failu e of liga d- oupled PEG-lipid de i ati e t a sfe  i to the liposo e ila e  e ause of the 
la k of a ds at ~  kDa, o espo di g to the o o o jugate Fa ’-PEG kDa-DSPE. Fu the  
ha a te izatio   t a s issio  ele t o  i os op  TEM  de o st ated that liposo es he e 
ha a te ized  jagged a d dis o ti uous su fa es, justif i g the ph si al i sta ilit  of the 

fo ulated esi les. The efo e, se e al h potheses e e fo ulated, sta ti g f o  the fi st 
assu ptio  that p o a l  a e tai  i itial a ou t of PEG i  the sta ti g fo ulatio  ight e 
e ui ed to p o ide a e tai  deg ee of sta ilit  a d igidit  to the ila e . A o di gl , the 

i eased h d opho i  a ho  of PEG ight so eho  desta ilize liposo es ila e  leadi g to 
agg egatio . SIL e e, thus, fo ulated  si ulta eous post-i se tio  of PEG kDa-DSPE a d 
Fa ’-PEG kDa-DSPE to assess hethe  the failu e of t a sfe  depe ded o  the fo ulatio  
app oa h itself o , pe haps, o  the s thesized pol e . SDS-PAGE a al sis de o st ated that 
the t a sfe  of Fa ’-PEG kDa-DSPE also failed, thus it as o luded that this app oa h as ot 
effi ie t e ough to pe it the fo ulatio  of SSILs. Post-i se tio  of PEG de d o -lipids 
de i ati es as, thus, pe fo ed o  do o u i i -loaded p e-fo ed stealth SL  a d supe  stealth 
liposo es SSL  to o tai  the o espo di g supe  stealth i u oliposo es SSIL . Di e sio al 
a al sis th ough DLS easu e e ts o  the fi al liposo al suspe sio  of SSIL  .  ± .   
a d SIL .  ± .   e ide ed that the ho oge eit  of the suspe sio s as ai tai ed 
PdI < . . SDS-PAGE a al sis o fi ed that the post-i se tio  of liga d- oupled PEG-lipid s  

de i ati es su essfull  took pla e i  oth fo ulatio s a d u ea ted Fa ’ a d F a ’  e e 
pu ified  gel filt atio  h o atog aph . Fa ’ ua tifi atio  as pe fo ed  i o BCA-assa  
o  the fi al pu ified liposo al suspe sio , esulti g i  .  µg Fa ’/µ ol HSPC fo  SIL a d .  
µg Fa ’/µ ol HSPC fo  SSIL . U fo tu atel , SSIL  fo ulatio  esulted the ost halle gi g also 
i  this post-i se tio  app oa h. Follo i g do o u i i  loadi g a d e o al th ough PD-  
desalti g olu s of o -e apsulated d ug, p o le s of agg egatio  still o u ed, so it as 
o luded that this i sta ilit  ight depe d o  PEG kDa-DSPE  i luded i  the i itial lipid 
i tu e. The e , the follo i g i  it o a d i  i o studies e e fo used o  the p e ious 

fo ulatio s a d fu the  i estigatio s ight e e ui ed to assess if PEG kDa-DSPE  eeds to e 
e-s thesized.  

Di e sio al e aluatio   DLS easu e e t o e  ti e of liposo es sto ed at diffe e t 
te pe atu es to assess a d o pa e thei  i  it o sta ilit  e ealed that afte  a out  o ths of 
i u atio  at °C a d  °C all tested fo ulatio s e e still sta le a d ho oge eous PdI < . , 

he eas at °C all liposo al fo ulatio s sta ted to agg egate afte   da s of i u atio , 
sho i g also i eased PdI > . . The t e d at °C a d °C o fi ed the sta ilizi g effe t 
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p o ided  PEG  ste i  hi d a e. D ug elease e pe i e ts e ide ed that i  all tested 
fo ulatio s do o u i i  as effi ie tl  e t apped i side the a o a ie  a d d ug leakage as 

ot o se ed ithi  the  h of i u atio . This is att i uta le to the fo atio  of DOX-sulfate 
agg egates as st aight fi e  u dles i  the a ueous o e of the a o a ie , isi le also i  the TEM 
i ages of the fi al liposo al suspe sio s, as dis ussed ith p eli i a  liposo al fo ulatio s 

ith PEG kDa. P eli i a  i  it o toto i it  studies e e pe fo ed o  hu a  east du tal 
a i o a ell li e BT-  o e e p essi g HER- , ai i g at e aluati g oth the effe t of the 

ta geted liposo al fo ulatio s o  ell ia ilit  a d apoptosis o pa ed to the o -ta geted 
o es. As e pe ted, e pt  stealth liposo es SL  p o ed to e o - toto i  at all the tested 
o ditio s, si e the ell ia ilit  as e ti el  p ese ed, he eas f ee do o u i i  esulted the 
ost pote t t eat e t, si e the ell ia ilit  as edu ed to -  % afte  a h-t eat e t, e e  

at the lo est tested o e t atio   µM . B  i easi g the o e t atio   µM , the ell 
ia ilit  as edu ed of o e tha  %  all t eat e ts, e ept fo   h t eat e t follo ed  a 

sho t i u atio   h  pe iod. Rega di g the do o u i i  liposo al fo ulatio s, ou  data lea l  
de o st ated that a  h-t eat e t ith SL-DXR  µM DXR  ould ot edu e the ell ia ilit  

elo  %, he eas oth SIL-DXR a d SSIL -DXR edu ed ell ia ilit  to a out % i  the sa e 
e pe i e tal o ditio s. The i eased toto i  effe t of ta get liposo al fo ulatio s 
o pa ed to o -ta geted liposo es is att i uta le to the p ese e of the ta geti g age t, the 

Fa ’ f ag e t of T astuzu a , hi h sele ti el  i ds to the HER  e epto s, k o  to e 
o e e p essed o  the su fa e of BT-  ells. Thus, afte  ell ashi g ith f esh o plete ediu  
upo  t eat e t o pletio , o l  the ta geted a o a ie s e ai  stu k o  the ell su fa e, 
fa ilitati g the i te alizatio   the ells o e  ti e. This effe t should e e phasized i  sho t-
te  t eat e t a d p olo ged i u atio  pe iods a d at lo e  do o u i i  o e t atio . I  the 

h-t eat e t at the highest do o u i i  o e t atio  tested  µM , i deed, oth SL-DXR a d 
SIL-DXR/SSIL -DXR i du ed the sa e edu tio  of ell ia ilit . The highest pote  sho   
do o u i i  depe ds o  the s all di e sio s of the f ee d ug e sus the liposo al fo ulatio s, 
allo i g fo  easie  diffusio  th ough the ell e a e a d a ess i to the i t a ellula  
o pa t e ts. Statisti al a al sis o du ted o  the data o tai ed at  µM DXR, o e t atio  

at hi h the diffe e es et ee  the liposo al fo ulatio s e e e phasized, as e tai ed that 
the ell ia ilit  of BT-  ells t eated ith SL-DXR, SIL-DXR a d SSIL -DXR as sig ifi a tl  
diffe e t ith espe t to ells t eated eithe  ith f ee do o u i i  o  e pt  SL. Cell ia ilit  

e a e sig ifi a tl  diffe e t *p < .  et ee  ta geted SIL-DXR a d SSIL -DXR  a d o -
ta geted SL-DXR  fo ulatio s afte  h t eat e t follo ed  lo g i u atio  i  ultu e ediu  
up to  h  a d  the diffe e e et ee  SL-DXR a d SSIL -DXR as fu the  st essed **p < .  

afte  the  h t eat e t. Ho e e , the g eatest statisti al diffe e e a o g ta geted a d o -
ta geted liposo es as o se ed afte  the  h t eat e ts ****p < . , i di ati g that a  
hou -t eat e t is the est e pe i e tal p oto ol to use fo  a  i  it o e aluatio  of DXR a ti it . 
P eli i a  IC  al ulatio  e ide ed that, at the tested o ditio s, all the do o u i i -loaded 
liposo al fo ulatio s possessed the sa e pote  i  i du i g ell death, si e the IC  alues 
fo  SL-DXR, SIL-DXR a d SSIL -DXR e e e  si ila , he eas s all diffe e es e e o se ed 
taki g i to o side atio  the effi a  a i u  effe t  of ea h fo ulatio  SL-DXR < SIL-DXR < 
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SSIL -DXR . I te esti gl , SSIL -DXR possessed the sa e effi a  of f ee do o u i i . Ho e e , it 
should e st essed that these a e p eli i a  esults a d fu the  i estigatio s a e eeded to 
effe ti el  assess the eal pote  of ea h fo ulatio , si e the hoi e of the o e t do o u i i  
o e t atio , as ell as the ti e of t eat e t a d i u atio , is a fu da e tal pa a ete . It 
ould e also i te esti g to test diffe e t ell li es, oth HER + a d HER - to fu the  o fi  the 

effi a  of this ta geted fo ulatio s o pa ed to o -ta geted liposo es. E aluatio  of the 
effe t of the th ee fo ulatio s o  apoptoti  path a s, hi h a e u fo tu atel  ased o  a si gle 
p eli i a  e pe i e t, e ide ed a sha p i e e t -fold  of the e p essio  le els of Clea ed 
Caspase  a ke  of apoptosis  afte   h t eat e t ith DXR follo ed   h of i u atio  ith 
ell ediu , ith espe t to the u t eated ells. At the tested o ditio s, the th ee liposo al 

fo ulatio s also sta ted to a ti ate the apoptoti  path a s, si e the  led to the o e e p essio  
of Clea ed Caspase , although the e te t of the i ease as e  lo  he  o pa ed to f ee 
DXR. The efo e, ette  t eat e t o ditio s ust e assessed. 
I  i o pha a oki eti  studies i  ats o fi ed the i eased sta ilit  of all liposo al 
fo ulatio  o pa ed to f ee do o u i i , p o i g the sta ilizi g effe t p o ided  PEG 
de d o -lipids de i ati es o e  PEG-si gle phospholipid. SSIL  sho ed al ost a -fold p olo ged 
half-life t½ = .  h  ith espe t to SL t½ = .  h . I te esti gl , also SIL aused a -fold 
p olo gatio  of half-life t½ = .  h  o pa ed to SL, e e  though the half-li es of these t o 
fo ulatio s e e e pe ted to e si ila , si e the p ese e of the ta geti g age t should ’t 
sig ifi a tl  affe t the pha a oki eti  pa a ete s. Fu the  i estigatio  o  the pha a oki eti  
dete i a ts of SIL ight the efo e e e ui ed. I  additio , the lea a e ate of SSIL  ~ .  

l/h  as edu ed ith espe t to SL ~ .  l/h , o fi i g that the fo ulatio  o tai i g PEG 
de d o -lipids de i ati es e e eli i ated o e slo l  a d, thus, i ulate lo ge  i  the 

loodst ea . Co o da tl , SSIL  ioa aila ilit  AUC  a d dist i utio  olu e Vd  esulted 
i eased o pa ed to all the othe  tested fo ulatio s. O e all, SSIL  p o ed to e e do ed ith 
the est i  i o eha io . I  i o o ga  to i it  e aluatio  afte  si gle dose ad i ist atio  of .  

g/kg i  DXR e ide ed that the ge e e p essio  of the th ee p o-i fla ato  toki es 
i te leuki  β  IL- β , i te leuki   IL-  a d tu o  e osis fa to  α TNFα  as i eased i  ats, 
espe iall  he  t eated ith SIL-DXR. I  pa ti ula , this fo ulatio  sig ifi a tl  e ha ed IL- β 
ge e e p essio  i  li e , splee  a d hea t tissues, as ell as TNFα e p essio  i  li e  a d splee  
a d IL-  e p essio  i  the splee . As fa  as histologi al a al sis is o e ed, o sig ifi a t 
diffe e es ould e o se ed et ee  SL a d SIL, si e oth these fo ulatio s e e a le to 
i du e d a ati  alte atio s of li e  a d splee , o ga s pa ti ula l  i h of ells of the 
eti uloe dothelial s ste  RES . This is p o a l  due to the hepati  a d sple i  depositio  of a 

f a tio  of the ad i iste ed dose of these t o fo ulatio s, as al ead  suggested  p e ious 
studies ith si ila  liposo al fo ulatio s [ ]. Co e sel , SSIL  aused o l  li ited 
histologi al alte atio s i  these o ga s, fu the  o fi i g thei  i eased sta ilit  a d lo e  
uptake i  RES o ga s he  o pa ed to SL [ ]. The pa tial dis epa ies i  histologi al a d 

ole ula  fi di gs i.e. the sig ifi a t diffe e e et ee  SL a d SIL i  sustai i g a  i fla ato  
state, although ei g a le to ause o phologi al ha ges i  hepati  a d sple i  tissues  eed to 

e fu the  i estigated. Othe  studies [ ] i di ate that assessi g ge e e p essio  of 



DISCUSSION 
 

  

i fla ato  toki es ould add o el i fo atio  o  the to i it  of a o a ie s, hi h a ot 
e o tai ed  histolog  a d he atolog . Futu e studies ill i lude the e aluatio  of 

he atologi al a d io he i al pa a ete s of ats a d of i ulati g i fla ato  toki es, as 
ell as i  it o to i ologi al a al sis i  o de  to u a el the e ha is s   hi h SL a d SIL 

fo ulatio s i du e a  i ease of i fla ato  toki es i  so e o ga s. 

Take  togethe , ou  data lead to the o lusio  that SSIL  p o ed to e the safest fo ulatio  i  
te s of toki es e p essio  a d histologi al a al sis of RES o ga s, a d also, as e pe ted, this 
is the fo ulatio  ith the est pha a oki eti  p ofile, ep ese ti g a p o isi g s ste  to 
i p o e o e tio al a e  the ap   e ha i g d ug deli e  a d a titu o  effi a . 
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