o

(1EeP) P jgs Jlw (g3l 5lis

28 Olo)gls SlasLlugib Olgied (amb S Jg90 ) Sl 9 WS 2l
O g Oloyd
TSP podaw oSy (5 pol )5
OIS (sl Sk oK1 ¢t ()9l 5 psle 0aSily ((JgSgo ol (ol j 09,8

o=l il B asles Sy (b (ilen (Sloyd s183)S9) 5 (3L Cuenl i o Sl Shg J> 4 o)l Logil o059 el
13 U5 Ll ol 055 (sl 51 JolS 55 @S sl tumj cslo JsSgn 5 o iiba (sloyisbugil 1 g9y callia
S oloys (S5 sl Gy 93 oglaie iy 2,8 amlsS e sl o )3 ol 3Skes (b5l g (ige (2l
L sgeg ol diedin (sl iby) (1,5 cdr 35k jl j9eg alote o Shy (olil p bylislogil ()b =Y Jald
Sk 3l gyl (s @95 59 (s Y g D 518 B 390 385 Cjgo 41 |y (TME) j5095 Lasme 33y &S (01030,
imd 58 Bum )90 |y (ol ol pw (lp 1975 S ype o5 2030y b ygeg5 (leyd Medin sby gy (95 (So
Sy-dise 033 g3b sy Lo Jsse jl oaiguie gla)lilugl jlosliial b la il (nl 8y (Sise 9 3980 sy

25 0 gBly com 350 5 lolid 23,5 e bl (Al ()l ye sy Can Cusl p5Y ST ilse ey

908 b iy o)l lin (oloy 5 Lugil o anl (sl JoSTpo s oy lb s ylopd o ylyg)ld slo)lislogil 3 gtelS s 1005y

~
84S

[ mo_dehnavi@sbu.ac.ir : Jsws odicsss oo

ol WIlgin dmos (=i 094 il (lg=ie Ciyg—o 4
Slogyls b Calise odaw gl Sie b Wiydgil 31 odliwl
Wg-die 3T Oloyd Calidwe Jolpe 58 &S Wil glowddguS
.[¥]

Ewl Gl Olgin 1y byl lugsl LS b U"Bi"‘“’li Y
P.:)_:T Cdl=d L Led pH Olpussi wiibo (ol glaSyon @
Wg-r ,a3syg0 dowe 3o 910 Gilwslil Esl B 0,5 Lwdige
1y 9310 d—edud 9 SULUJAS Jo 925 HLSel Jos ! .[F]
Iy St g3l O3 1 Swiw §il 3 Canmiols 31 00laul . F
4S 3,5 oolaiwl Glayd lp O 9 il Sl eB SlPe
U"U, o8 =8ly Gloj 10 1y Gleyd (miidu S Oylas IS
” JY] WS (e

0 Plesd 359y iz uS SIPPSIPL 1S Ol 0
0233 S 53 1y GlFgissdl 9 (PFlsdgin (Plesdsend Wil
i A1 ISIP 0 S ) djlup (Ses dlg (Sloyd
O] WS dde (gl Cuoglio yu g 0310 Liulhdl 1y Oloys

dodds -3

(S 3 S 3 §L035355 50 Lylislwgil ool T30
ol 5 =ik 5o gpindlhas) Cewla o 3990 oS
S8 Ulek 45 djlwn el 1y Gl () Loyl lwgil
SladsSse 5 UylisLugil Cilise CMlolss 1 uls ehusws
Plwr9))d Gg—mad Ha30)5—0 Slud) Gliewl) 55 Fimud)
2 Ulgi ks lwgil 3 diwd Gl [V]0)S ooldiw] dindsga
Sus iz pladl glp Geame OO @ Cud i
) OLsSy Glajed o905 dilo (380 Oygmods
Gk 31 dadin U 925 <8110y gl J—slgs 9 JL=b
Olbw Oloyd & (luiws Glojend yobds 9 xbaw Slawis
Glbw uo gudS slod,Slas [V] Cils u—lgs Iy
= s (Flaeyd 3,09y S 53 Qg Iy gau—ie
D9 Sy awlis ileys Ololl Bz sl Laylislugil
13,5 o)Ll 13 3lge @ PR L3 Sdhes (nl dhaz
Giali8l yedaie Ao Glaipe |y WHdeIL rutadun Jygod .
Cnglde (uilds 9 00,5 2ol 9)18 (it il 9 §3lu Ao
[F5¥] o5 Jials 098Il yobds Iy 9sls Wiz

VEYNVYY o g, VEYNVYY (6,550 b VE Y AIYA el o 56




o g SLidad 6 jlasis o 10 P ) jgs Jlw g3l gls

898 Ol g Us=d Jlo Jlgieds 23S dlowl (S guas dlge
Cgods g ) SetlSes daul 9 it Slgo J9Sg0
ST 3l ol Fides Lo piunwgil .05 ukigs 389
Js:ge (nlulids Ha3 51 1) Loty s 3,8es Wlgip mads
L3559y Cawl S0 Y LS sl (5o 3T Glaculzd b
j edd@ie polos I osliiwl Lo lg—S0 Iy os8u—=
SLaS39 I pluS ;0 &S 394 b ) sladsSge
O i JId L) OS5 . [V] diud 9,8 &y pasio
o sl ysbds wilgi e 4 & Laylislugil 31 oolatwl b
S 9 1y Lagyls uilgin dsdy cliS oy wjiws 59093
3 Wiadud g 6UBUAS (Slogeds 4y OMiA ;5 i I O
dodud glad,Sles j golews oo Olyd ool LauS
«Ployd Oyl (239=80) (2l P¥gS9es) (Playdsed wilbe
a5yl 1y Saselidgig Glnyd 9 =135y Al 81052 g
L3, gy wdd e Ol dusie Sl Ol=llae Lwiad 0
9 0318 [ul3dl 1y (it 51 dlgin Wylislwgil p (s
Olb s pg—w o slagloyd L deunlio 43 1)y ile 25l
Y] was Gials

31 basdgiie Sk lugil ds LIS oBums Wls ool Ls
e Cygme o Olb (Sl 50 Glwn) sladsSse
S Lugil = §9, i O 33 Sl 0uSLo 8L
I B 9 4 Lygmo (i) SLUsSgo I U Fideo
Ok Oloyd 9 @y s dine) 50 Wil o)z slaShs
S (0 JB oy Dge

Ol S5 9L glagille -¥
0u) Lildgz 9o (i 53 Wiadigd HlSlwgil S Culigipw
2hLS (Sl jebds ablbp ilise Jslge 15U oo
Sy U jd UMine Judd o 9098 dd glaylisLugils
S () @190 § Ot J510 )0 Slgo gy OolymnssS
4o 3l diwge @0 g dduza Zilge () L Cawl 0D Sguowe
el (lows DB Gogm )8 L LS oS 8yl (Sleludl
S3lel slasling) 3l ez dod S Ol Cd ey
ol Lol fuiiuns ygwgd aidw del aS [V5] Cowl dusio
Solos owgd 45 Wi e S3Js090 508 louilyd
050l sl 39095 SLodglu ol 51 ogde ilodds iy yo
B liseo glg) u cdod )8 g Wyls (YU g F 5 g 00y
Sl Oyl Ho—sgi J—515 Fblos 9 Loty Lol w
(P (il dls jadiie dy 050 Sl SSelsly
T Lylislugil » it ddus Wiz b Sy solys
Oloyd wiedua slagi) 03,5 Cude «Jls Olgis 4y W9l
39 1y ("TME) j3095 Jarsno 505 &5 (203,095 b y9095
Oloyd =2l (LSl (Box1) dmd (o jlyd G S Sun
20 djlwn el |y seogi jmloie Sl Sis wlwly
L gy goCawigmd «Sdgmd Oud & slaygegs

> Tumor microenvironment

9 Clllo O 51 dlde 53 (LIS s @ SS9l oo
9 P RLOw & liwd G W slagyls b
il oS (o (ol (2)I5e b () (0018 i3S
WJlo o=l L oSl 00l Glis Gl w Gloys 3o 1y mwlin
slagille L ol w Glays 53 laylisLuwgil 31 oslixul
Laylis-Lwgsl JLED 43 &5 (Sa3glom @lge dhoz I gouste
4o dgdmwe S99 Sl purw SHLuSl (Sud CEL @
dawsi d Lo .[5] Cuul dolge aliS o CIss Lol
o=l 3= el yebd &S Cwloud o3l wlais| platulld
LaylisLuwgil ol 5 g 98 Sl ;S 3Y WS (0 dds Lo il
904l Ju 515 53 buzu 9 & gkio Loyl Ao e
Gil381 1y Lglasls O3l Wilgie Sdsie Glyzl s yuSys
»L OJlS.\Jg Sylislwgil ol Sl (ﬁjy PRY) Y LT 1)
SSes glausly b Hlslugl ol glaShy G5 s
S 9l 10 098 plodl pols Sy Olalyl g Loyl
=R2) OA s § b Sladses Ty (Ol jw
23 (Lagugy g badwin «SuilSe gl daw ) Ble b
L8Y-V] a8 )S )8 g dyg—0 Lyl lwgil Cslw
29 55 3 9 583wy logas (w3 SlodsSUgo
A Jled ) Sloys Wlse Olgie s BId el g witws
SeS do JLwd Cown) OlaSy 995 [VY] wisToo Gl
99 49 Qb dowdus Hloyd @l 0)Bus glaylisLuwgil
J9o5 Jlsdyd dmgoss 9 JLsd Uygos 19,8 (50 pladl Gk
045,S dh wlg b uol)S g (alsesl @iluwgyd Jold Jisd
o 35 oz aazd b o ladshe buwgs & Coul
) ) $aBuSle 9 $imydeds Gilidl §— b 5 9 se—ogs

Y] (V USS) s9din plos] (Jlsdyud Js9o5('EPR

S mslie @g  Siesl e e W Jele ) YT

(1) (EPR) abiulidl gy5ul 5 @pisdsds Silod poas .V JSb

SladgSe 3l oudGrin Husluwgil (uite (ol Jl> 5
dz 813 Jguz) WSyl seam b sagiolel 5o hu)
L lalslugl dlgs & gpoaly 5 g Lpgjse §9SU
80,3 F] dslowilo Bl (63 Shas CadBgo (33 e
ShIS i) SlodsNss I ou—iiFidne Slylis-Lwgil
21y el o)y 4o GlsS 45 wiiws ol SloSHs

' Enhanced permeation and retention

3
o
&
I3
‘%
b
3
g
E



WLl (Cupwg fwl) $loytiw gadshs b ("CAFs) ol sw
9y slayeSl i Hlee i (Pl slodsle wogdls

vl S Bsnle
ol 39 00yl HlSlwgil glogyls za)ed 9 2l
Wlg= [V3-IV] 45,8 518 Bud dy9—0 eSlj_A Sleg swl

* Cancer associated fibroblasts

VYN Gomds g VEYAVYY i S50 aa,l VB Y/ AIYA sl s gl




o g SLidad 6 jlasis o 10 P ) jgs Jlw g3l gls

(%) Ol Olayd @l eubplas! AL Slaginlell 5o oudeslit b ouiunl iw) Gladgsles 5 oudguiv glayuslugl .\ Jgus

Sl Sliglail .o lowlis 13 Jlsd _polis slays i 6 sLogib ety
b 2 29013 . JERTLY B
Hed dwlid =290 o [Ca Lt ¢ g JsSdse
NCT+y+1-05V I/II 36 £555) Ol
- P : W3 NLGY+V | edssS ilydgils
Oleyd s pglie/ouiSsge S¢S Johw asy Olb o o . + o
NCT-YV$aa5Y VI 36 Oless 43 09 95 Sz dsko 403 S| 5018 40) mdgieS P50 Oloyd CRLXY ) P S8l
Sl poiews8 (I 51093219385 diedun - PEGj - Y
NCT$OrSAvY I 5 Sbiulio (Sa51 4 pgle Cliwsys ol
- h.ws'i duddals
27| Sl 682 b Jokw 4y Sl 0l Ol 1Sy b
(revy o0y FDA [P0 WS ke €00 Glbpe 0ty Slb S edSy losoas | SR
whSSh i (SsS1l)
(revy 2
NCT-yFaFavs I 56 ° PEComa
NCT Y+ -ayyy 11 36 oMas ozlyd b dilis Gl
. Oraalolily QU
NCT«+$YOYAF I8 Aol gloyygeg O lobly Floydeuds §
? : (ABL-++3)
418 siw PEComa
NCT-YAIVO10 c O Jlad b hdee S) slagiez b et T et Al .
0 fus . Owogedl D336 | g
mTOR jeus
NCT-sVPPra 16 4y dalz J5058
NCT ¥+ \FAFF 10 56 logiudsal§ s " )
" Ot 99390 Floydasd -
«Siliulio g C8L pgSls i : ; o
NCT-y-¥aae0| I8 Siulis ) 31 55 02 9195
Cudlag JByus b 48 iy (D90
NCT+10A-¥aY 11 55 Sy ey poiuSeil
Liwgd 3loyd b lwgd LU
NCT- -FVVor4 V11 36 330398 4 pslie Oliws s Ol Sl L uSliangs o
: g (ABL-+ +A)
LogiwdgdS Slayd
NCT-t-¥eetv|  adgll S BAYLAY Gus RNA | 9550 NU-+1¥4
B ouSags Logiwlygds EFERY-Y Sewe!
AST-++A
ASslSg3 oSl I Sgisesl e
NCT-¥-ASYVA 136 bl gl s dsllias LSS PPN Sy
03558 s ST SIS 55
(8 toll like 350453935 8955
. e (AST-+ <)
A Jolu o )5 ogithe cholr gloyg0g3 AST-++A IV &
NCT - YSAPVAD Ib/II 38 Canwgy i sk poia )5 53,5 9 o aologidsnes L olen T
Sy Jobu pgiu 8 & lobanow Plordpouds g
.
c
172}
)
E
L]
gL
»
¢ L)
Jl
* Polyethylene glycol

* Perivascular epithelioid cell tumours

¢ Mechanistic target of rapamycin



12

»

D
P

(1EeP) P jgs Jlw (g3l 5lis

OlgSoe 1y s9098 b dadipe Jligws! sloouwsyS .[YA] WS (0
IS8 Bud 350 5095 B9 30 Laylislugil Guiluy sl
0930 =13S) JUSew i3 gl Olgie 1y Logyls .[¥4] ol

89,5 Jbigdol wy 1Sl s Jlis Ylgieds) 9085
g SeuSgigiew glagleys 4 gwly 4o &5 ((VEGF)
[P+ (¥ JS) 855 Loy TME 55 cigdion

Moy ot

aS) (VEGF) (89, JUiguil udy ;958 susio glad,Slas ¥ Ui
Sledsle dajldy Sl dloz 3l dog il 9 19095 GUskw Jawgs

(¥) s9e98 bamo 33y 50 (89d0 5 Mg nud 9 JLdigus!

sl gl -¥-1-¥

ool gadehs b i wedua glagleyagl 581 Gus
S3a4ely Sl Gl W T gladole fwl Gl
Si909 W slacwisd 4 Jhsegigy seilisSle duzme
Tl 9 WS Lol ) Go9098 b SuuSgighew Culled Wlgi0
Coal S5 dy 3Y L[¥Y YY) WS Cosli ) T sladske
4 395 4 395 ysbay (' NK) mub owidisS gladgle
doo AT Cuwlus @ W Osw Glb gladske
il Wlgie NK sladghe 3318 I8 Gua uuS(»

A¥FI W8L T Jshe 2 Gl 2l Figgns] Gl

Solad @gys -F-3-¥
Gl gladshe jlwlie Glp ea0 0155 S Gslad Bgye
osey L b gold Jlbgwl  sldele s
Aol i 1y PD-L1 wilbe iosl 0SS O S sladgsdse
L OIFR Iy Gugess ol Bgys b s .[Y0] WS (e Ol
11956 SO)'VEGF-C 0wy IVEGFR3 (33,5 9w
[¥P] 054 s (G908 Slodshe Sufgy T

doedud slaylislwgil ¢lm 83928 S yews|Box2 -Y-Y
. Ol 3 bog 50
09 SIS 52925 1YY

oy Vascular endothelial growth factor
' Natural kilfer
' Programméd death-ligand
' Vascular eddothelial growth factor receptor
' Vascular eddothelial growth factor ¢

g Aol (i 4 999 pLSC Laylis gl
3yS 0 31 b o G 5 JSLugilb B GlaiiSeny
g2 dile (o gabl 4 jeuie Wigie b iSOl
A4S 39 §OySas slddslg OO0 Cawd I 9 dujod «Dlyd
V] 9IS e 51 O RS 9 gesme Jogod s Oudd
Owldgs doyzie Sigderiud Olsule b il caizwn
S9=di0 910 YLD 53 USIW 9 pw Slegy b Hlislwgl
WIS 4y JSIgie Jo-SulS Bt s 31 ookl .[¥1]
NS SeS Loy 9 ylislwgil um gloyiiSony
3 Laoaiy 03194 dadsllsn Cuuws) 1 e slon lz
Q9= O0Layz 53 . [Y¥,F¥] Wloud i yliS 50 oo
4o pls GlouTpS §—b 5l Pl 4o lotuwsS
O35 G505 3l T Blo @ e 9 ouddate baylislugl
33 [V¥] Wgbe (RES) JliguslslsSsy s daus g3
095 (Vob $ly JsSulS ool by 5l ool pogas ol
4SS L [YO] dgm dblgs duiiS S Loyl lwgil (50,5 loj
JUES] Jgb 58 () Blgo §) 4L slagidle @ dzgs B
WJlo lgis 4y 0900 bgi e HaI9e o dy Loyl Lugil
JSlwgl gz Cudguiomw do joid o8z Sy,
GBS 4o uSlgie dS UuS JS 10 53 a9 SIS SRy
Cal 03,50 (Suasy S SaS LCSEL ol 55 9510 Cusows
Ot |y L9310 (st ) 23585 91 53925 yamann [ VY]
L 9 =510 305 0239ls Ly 9 4=S(0
wls slajlb w gl dbgs o G S Eun sG] il
OGS gz 25 G255 Jle gl (BOX ¥) Wgd(p (w2
Silwpasl = 9L i OIS 1, S 53 Sl
Sligs sylislugil dSJloys ([¥F] il udo jeog

AYV] Wi 18 Bus dyg0 1y Shp 099 Gl w Wilgi e

Syl Lwgil ¢l Gi9=095 Jasro 3y Blual|Boxl -3-¥

o)

Cwdogsd 9 bog sl -¥-3-¥

4 Sl bgiuwl sdshw (TME) 9085 Jaue 335 5
oS le S ol 43 9 Wb by g IS Cepw
S Olgisds &S dgdi0 Sl ("ECM) Slie (Jokw )l
[IA] WS dos 9)ld 3985 plp 50 g 90 Ble
owSJlRd (g Wok) (legiwl Jskw glaiasy
0394) Jokw s Sl hzl 5 (A Cawdugnd
9ld Jugad lw Bl Hlgieds Wilgi e (ECM 6“??.}"]—
[v4] JJ); IS odlall oy Bub o W

s> B9y ¥--Y
S slzl 4o e (13S) sl Slygass sk 5o
Sguzo Iy 919 G135 45 S9d0 05 9 T 2 B9ss S

7 Reticuloendothelial system
® Extracellular matrix

VESYNVYY :Gopds fu b

VEYNVYY (6,550 e, VE Y AYA il o 2,




o g SLidad 6 jlasis o 10 P ) jgs Jlw g3l gls

Wlbe e 4L ghls glagyls Jle lgsd WS (e
4 SolwlgiSl Cygods wilgie SalSs sladel
O3 k99 9 Wisd duate OligkS ydsOgisn (el GWbog,S
SxSu @y LBl 5 G5 [FY] Wil $See 1)
@ .Wldd,S )8 ooldiwl 890 (Sloyd gloo,Sles § b
el ez (JLersghe) Segsflhe sl Jlo Olgis
L el gl dloul Cubil 9 Sl Jolw )5 S 5k
3o 3l g Lo w 5ST 50 CD44 T olais| 0u5yS .85
S lslugil Olgie oiwlo [FY LAl dgde Ol
dhuly b pSSun gy ) Saigrslee dawl 31 oudFiin

JRO-FY] (¥ USD) 0y L & Jokw ©do g CD44

Y cou
%% HA
i v Versican
by Jolo @
bt
A O 8 Y N Q
C s . J
@ 2 ) ot Q
O iy
® R “esern, '@ d
% [ 3 T
3 ' @
° P L °
aoddilh, ¥
¥ ¥
Slio zle @J
R 7 Sl Log sl

0w versican glaiiSeny 9 CDFF HA golgidn Juo .V JS&

(F) LSlao sladglw g Hluess b pw

SS9 el 31 OB slaylisLugils -Y-¥
Shisls slSsh (RNA g DNA) SuilSy sladuw!
G )L 380 sl Od Sl L & wiwd Grub
Wile aShy mizmed Wsde s (lloss
Vs slajiSeny PH doss (Susludgey sl
Gl 1y e I Gogdmel dlusi g giydely LB
iy, slaylislugl Cole 30 Wigiue & Wade
Olge @ dojlul Jle Olgis a [PV 4] s9d oslitul
Lylslugl b Olbmw Oloys yohin d «SuiSsh slodw!
Frge sLJigy drug Jidudigl 539y Oal Llodd plesl
L el kool bl dhos 31 el Gl Oloyd H 333 5
13,5 03Ul 323 3ylge @ e Olosw Gloyd 43 Laylislugil
Aoylislugib b Loyell plesl b iedus paueds )
b @ esn Gl gdshe o ouiily sbow,s
) G,SILES b Wigdie e LT 4 9 (plulids o>
iy o) A WS e 8 Bu o8 TME (o ol
Qe g oud ool8 Sl sdshe 385 GrSGun 5

ol 90 GYU uw) 1P 9 B Floyd Fwb b
dos jl lze @lId Mg U0 Gy (Jlo ol b LSl
w2l9e 8 8L Wglhol zezd 9 395 «auld @ w GilSY

be g Sl
dedo Hlow Cumdg b wos bl Juds 4 (Slygs Jses
Ji)leS o&ws gl 1) Ol W iwd Sl (SKow 9 Sl
Oliwd 0 oz § S oo WJlo (wl b LS ealyd
L ol s SWplie gleas! JupH  g98) GoolsS
WS (0 3l lay)lislugil ¢l 1y layidle (GugSes dhawly

et SIS 32359 9 Bl -¥-¥-¥
O Oloyd Glp W) Ll Otwd @ wswd O
(9 U1 35 b dwslde 50 9 WS(s @01 1y (@)
I¥V] Sl (Ses 1y (a2 les RS 9 b S Sue
B bl puiwd 90 ol 4 layseg & hulsd o
A3S SO sesl Jow yslne GLOCEL & dtwal 5 euditue
) @90 3 Srleus Sldaml 3925 SLooly .Cuwl cawlio
GRe 3 oddpged glagyld Wle (lgsds) wWSiee 190 1)
Olised COL @ 3585 Ll (Wi 0 198 ) G320 (SHg5> dw
YAl Sl 3L 390
Sl 5 e (291> R W zie 90 e 0
Conl @Y o Omed @ O9d0 Hlr Bilgs lete
Sliutwl wile ghyg 38 Loy @ bgrye ool ilue
¥8] Wisd did)S Sl 53 3 wsy wlE b

o)z glalislugil -¥
oS5 b Bus we gl olSuiz sldssedgil
9 ) Rlge 39) 190 gagl W (Slw)gyld (SuiwgilyS
(Sl StiSeS oyl (Jlis lgisd) (29110 wols> Semy
Slwe $Sww ) (LBwun) 5 Gricw S8lu)

LV (Y Jgue)

1235l 5l odbEiie @bl -1-¥
sldzly I IS Gl slapeal  lawBlel
G uIS slawisy hug & wiws gu)Slusise
b WSl ) oud@iin dlge Wlowd Juate ;S0uSy
ShS o wade &y Iy goSles glog,S I losius
P90 9 Gl (Epiin BICu) Oszed (SRS
A 95l (1S il G seb A 9 diwd Das (HYsb
30 Olgie Iy Wl oy L 61&.&)[5@&,1{: Jf
SIS 8 el @S ¢lp e sle)lslugl
L duss 30 Ysoms wyBlul 3l oudGiin glaslislugl
O 3 ey Wilgige Olbpw Wb Glogyld 3 Wsde gez
L Wew Wb duate Wyl opod) & b owd dewsS
b Ol pdsOigisy Sog,S b ST laps dayedds
L Bl 1 Gy [A] WSe @208 ) SBgs ¢ SN
sloul gy1d g Odlge Sedy glp 1) GBSl gl

3
o
&
I3
‘%
b
3
g
E



SFAl Wb Jiall Bus i gyls Ol g olais! b
¥

b Olgie b ekl Mol Cubld b gl WY
5 buags dagebnl wb s Gus glawly
u¥l9g5yd b uiVlgsS Wom 325k 5l Szo5 sladeSge
o2l 1y Blol glasSles Sy Yl HI5 (.85 e
S0 il38l 1y aylislugl g uSdun (LS g 0544

R e sylislugl 1 Suigdeisal Sl pus Y
@ Cuwd 45 DNA-RNA gladue b dwlic jo DNA
Obles

VYN Gomds g VEYAVYY i S50 aa,l VB Y/ AIYA sl s gl




ouw g i 6 jlosh (10 P ) jgo Jlw g3l gkos

() i) JeSdgo 31 oudGtine glaylisluwgil b W& slasSles ¥ Jguz

Ll g Slual

8O5des gli=!

Sl wo gladSles

Gratj Blgo 99 499

318 9 095 10 S Ole) Jud Vb
Job 9 uS hwgs Gubasd,S

65 Guligy iz b glaw,Blub b bausy
Sdgle glis jgwsSt wo glous
O d 9 479 Jlez DNA (a0l g5

RES  g5LuSL 5 real passeds (oS

G855 518 YU 39095 US> Uygas Glowsy
Slual b go,5des polis (2y=0 30 0L
ey Sus Sye ((JSge

Sl lugil 5 CuwsS lalid ool
bl

oMby ol Gilugyls

39790 wiwd 33 S Q9095 Sleadshw Oleys

Slousy 5 bog sl wiedus lawlE somgd

29095 CBL 5 39 (siul3d!

29085 T Bas 5> Jsko 45 04xS 3985
U1 Hgew¥9a,d b 320 Sloygagi Oloyd sy 9 429 ez DNA (el 320 (F95 duw G5b ) S92
RS e Ledus
Olayd @l IS 0390 Jolge G925 2955 Ustrud ool s g5 dw Gosb 3 igo0
@) b

Shes Hloydeed 9 §ledg)y slaygess Oloyd

@ 8L glawBy 5 igaS odaw Gidgy
posligs!

039, porligus) lipw 53 Jy9od

9097 & Lradukd g

ol 4o 2oz 9 9,10 (] ygod
Pl Jeke 0953 glaSwlsl b Ledgle

9 S8 wwl Loy 10s0sdl clayala]

xRS

SIS 03,8 (slwlids

LRETURY O Y RGN L3

ey b S)Swd

Sylislwgil 3 gold JolS g & w ilwley
A0 doxe 33 9,18 (R iluley lul

S(pH) npl0sisn slodas g low,Blul
P slaes ) o537 b COIE b slany
(L)) Lod 4y ol glady (1sags
SleWgn (GSH ) guslgw g0 glawigy
b b G2l H9) GG @ s
(oeSIg2aly
Jissuu ¢ DNA <DNA nanoflower
DNA «(GSH) 3,5 SuilSs} dawl <(pH)
ahis gladigyuud DNA ((GSH) o 9
Outs ) (H,0,) sa0gd] {(DNase) (0905155
(pH)

LSy Jawgs Laylislugil dsjo0

0301 s @y oS Loylislwgil Jogos
ooliial gl S (ol b JSC5
Wt awlin dldmez JS& @

Sy & Sy SLddte «aogdl

(03 bS5 dloz 31) 2liogs
(239) S5 b LaglisLugil

olaisl e gl iisos y (il y Jlus &
WSS (O 9 Lylislwgib u
el 5o G)lop ygas JUSw
39 91 (R Gilulay 9 Jygod

BB loniy 9 a3 <ol

sloSles Yo g gilwdlxd
2905 b (Sloyd (S dun
LSyow hawgi Laylislwgil

' Reticuloendothelial system
' Glutathione




g0 Yoo

S5 Olege

G90 b 918 iz a8y oolinwl bl
S92 Sy sl e G Sley S ;S Lub 08 35! DNA 30l
2 ads g il ple 4 H90g5 Cuwlus Sbddal gladsty 9 Sdddol
0395 d9¢ 31 esSolz b Cueglito

918 Wiz 5L

DNA ¢l gladsle g S Bu sl
DNA-RNA glodguSeil tdigsi sib PPl b g)en
B Cuild Lol a9 9 (i

W $9)1d 9l Glaslislugil soue sl .
- RPel b e b g5

RS
S gl 3
ygdg sl ol slaylislwgils .
L Olas slaygess Glojes (assis . o C8L Glojen Oloyd 9 G105 0 guas
Jolge plo b Gunblice O34
Sz lojlulie e 2959
3100 g

555 06 ot
gy b Lyl Lugils i vivo Cullsd sl e g 259558 e Culled o Ll osBly Oloy 1 Coyllas
X : Sl polgs by Cowysld sladsSse
910 @ igeg 9l
Syowe 4 diwsly

VEYINVIYY sl 2o, VEYINVYY 26,5 b VFY/PAYA il o &6




o g SLidad 6 jlasis o 10 P ) jgs Jlw g3l gls

[OV] Wsdp Jhie Q2 sy G15b 5l $x3e ssbay
) Cadld 31 Olgioe Gl Wb lagylagl pogas 53
Wl §S3ue ()0 GiludlgusS dhas I Lol SIS
9 Saiwgil S SSHY <Sme 4 Sl Gkl Ol
SLylslugl Gog 8wz e oS el slacullzs

0% ,0A] 3y 04 ! i3 S UgNge I 0 Fidio

xS dzs -F
=9ud sladels cO)lSJ_Zg Vg0 S ) sloylislugils
dlgmo 3} ylisluwgil Gl cuiiwnd Ol loyd (ly 058U
9 Ly SdlSg Lol oy ) Slul sl b
adlox 31 glogdILs GLilze 1o § Wigmiioe dislw Wi
Wl (GUIUR 9 (8 ik B ) Y $9510 §HNS)L
Iy Pleyd dolse g G105 22 9—ad Sl Lavgyls uLlgi 9
@ o 0)5iz (JoN9o Caunr) Syl lu gl sl Joo
3 aS L Gl Ll SIS m9sls sladel> e
Sladsbu 9313 Jl,3 Bud UIg 4 GlsSpe Ladl dex
9095 daumme 53 Lagyls Gilwslil (Ulg3 YU o b il w
=901 Cnglio Jials (U9 (il 2ylss GiadlS (RUlgS
Jlo o=l L2096 0yl (ilayd (mindn 31 inl3d) (9Ulgd ¢
SS90 Cu 3 Loyl gil dwgs 3o (Lidow 0ylg-d
Lagl ddoz 31 45 wiiws dzlse 50 (agidle b oSz
S lw o)l lwgib udgs gV i 4o Glss»
YL 2B 9 S8 b o)z (Jege Ty slaylislugil
Sl iiSany J—olS Sps daylislugil sl Sz
(b slodshe b o)z (JsUs0 Cannr) glaylislugil
N0 T SlaylisLuw gl (s il 9 sl (23
Olwiliwl glaylpl 8929 pus 9 b Olellas yo 0)5wiz
3929 L .9,S o)Ll Laylis L gl 9)Sdos (2L 55) 1=
0z (J9Nse T laslisLuwgil ouds 53 slayille
2% Olidod diwd Ol Gloyd @ly $ob) dawsly slyld
ol 30 39 e HLAB! § Sl Cl piew Jlo 5 dinoj (32
loyd glody ;S @ 08wz Jose Cuuws) slaslislugil

gl s Gl Gloyd sl 80

&be -0
[1] Wang J, Li Y, Nie G. Multifunctional
biomolecule nanostructures for cancer therapy. Nature
Reviews Materials. 2021;6(9):766-83.
[2] Sharma R, Agrawal U, Mody N, Dubey S, Vyas
SP. Engineered nanoparticles as a precise delivery system
in cancer
Nanobiomaterials: Elsevier; 2016. p. 397-427.
[3] Jabir NR, Tabrez S, Ashraf GM, Shakil S,
Damanhouri GA, Kamal MA. Nanotechnology-based

therapeutics. Engineering  of

approaches in anticancer research. International journal
of nanomedicine. 2012:4391-408.

ol ggel s GRS el Sw RNA
Sdp ol ) WS Sl |y gSAss
918 gladel> Glgie @ DNA » e glaylislugib
JF] Wb Scmwbio Gloaw Gloyd gl (el a3 31 I

A 3 ond e $llislugil -¥-¥
$lp adlhe g0 ) Gladsse (2 50diuS lodsy
Ghlsgs [IY] wwd (hidgs p e glaylislegl
ui¥985yd HeNgn (s Lo GiiSan ) doni Lodaiy
L JIF 2k Gib 5l ey ol G)lSws b & Sl
Syislugl @bl 3 S .[00] a5l eald alie
I3} 9 loosd £55 (A9 1 e Sty
Wed b GusS @ Wilgie Wil ogds 4 .Cuwla
aily Fluygsld ldyls @lp YL xSl Cudyb &
Ry @ WP & pH & wles slods Wb 9eg
33T 1y 918 dlgomme g 08,5 3gd Waygegs bl (Gduw! oo
sob @ ylslugl 53 Ludy 1)ogs Wasd Fuly S
O el 0l 03liiw] B dlgegil Cislw yd GlosfiuS
Slige @ik 1 ) Bus glaylisle wilgse bylislegl
WlP SO ghite lfes [0V] wias JLiS Lol dudw
2 bl I 53 degeze &5 Cul Cmab 5o 48159
b ome 9 GWI daylgigh dadsleil des 51 $b polde
Iy F¥e 388 slagslose 3l 3908890 S0 Mg
I8 Cawlio Jold 9 b o Jasl o ORI b (lgi0
JAS guein Plisle glaSeh zess » oSl OVl 9
@ gl )0 Cwgd 90 wow Jle Olgieds .[OV] 294
&5 (Jobw Blubl B yo (sl jebdy TME diydwl
4 Sl @ WIgue Jow 8 oud JoSis B b
hoals Olojed yeb & 9 oud Jate y3og8 Johw phaw
Oxied Lol wulé sguse 1y Jgkw Sy g 0010 Juged
G138 9 (09393 el Goyb I ok Sy 4 Wlgie

[OF] uiiS S Hloyd i il

b 549y 3l oudFrdne gloylislwgil -F-Y
30 9 Miud g giis Hlud 3)Shes g HliSlu i 1 gy
(SIS leCin) s 4 Wyl G ok gloun el
go8 (lesd 9 SWle olst (Epivcas Cons)
wled 9 98 4 pasis Jelse plulid Wbl oS
S Gty |y Y Jlgie LS 4 (sSswl
039 @ o)l Madgd 9oS Glp 9 0394 Syl
SLdsusSgl [0F-0F] d1d 418wy s (ligige]
@ SV phw 9 S5 W) Jds 4 (aligy B e
2B alllae 3590 lwygsld 5 0uiS)lgusel glodels (lgis
1908 WO gagyld 5 Sy slad) dailyy .Wldd,S

3
o
&
I3
‘%
b
3
g
E



(1EeP) P jgs Jlw (g3l 5lis

[18] Valkenburg KC, De Groot AE, Pienta KJ.
Targeting the tumour stroma to improve cancer therapy.
Nature reviews Clinical oncology. 2018;15(6):366-81.

[19] Ji T, Zhao Y, Ding Y, Wang J, Zhao R, Lang J,
et al. Transformable peptide nanocarriers for
expeditious drug release and effective cancer therapy via
cancer-associated fibroblast activation. Angewandte
Chemie International Edition. 2016;55(3):1050-5.

[20] Nel AE, Midler L, Velegol D, Xia T, Hoek EM,
Somasundaran P, et al. Understanding
biophysicochemical interactions at the nano-bio
interface. Nature materials. 2009;8(7):543-57.

[21] Cai R, Chen C. The crown and the scepter:
roles of the protein corona in nanomedicine. Advanced
Materials. 2019;31(45):1805740.

[22] Banerjee I, Pangule RC, Kane RS. Antifouling
coatings: recent developments in the design of surfaces
that prevent fouling by proteins, bacteria, and marine
organisms. Advanced materials. 2011;23(6):690-718.

[23] Chelmowski R, Koster SD, Kerstan A, Prekelt
A, Grunwald C, Winkler T, et al. Peptide-based SAMs
that resist the adsorption of proteins. Journal of the
American Chemical Society. 2008;130(45):14952-3.

[24] Owens III DE, Peppas NA. Opsonization,
biodistribution, and pharmacokinetics of polymeric
nanoparticles. International journal of pharmaceutics.
2006;307(1):93-102.

[25] Hu C-M]J, Zhang L, Aryal S, Cheung C, Fang
RH, Zhang L. Erythrocyte membrane-camouflaged
polymeric nanoparticles as a biomimetic delivery
platform. Proceedings of the National Academy of
Sciences. 2011;108(27):10980-5.

[26] Guo Y, Wang D, Song Q, Wu T, Zhuang X,
Bao Y, et al. Erythrocyte membrane-enveloped polymeric
nanoparticles as nanovaccine for induction of antitumor
immunity against melanoma. ACS nano. 2015;9(7):6918-
33.

[27] Xu J, Zhang Y, Xu J, Wang M, Liu G, Wang J,
et al. Reversing tumor stemness via orally targeted
nanoparticles achieves efficient colon cancer treatment.
Biomaterials. 2019;216:119247.

[28] Donnem T, Reynolds AR, Kuczynski EA,
Gatter K, Vermeulen PB, Kerbel RS, et al. Non-

angiogenic tumours and their influence on cancer

L)
U/ L/ J biology. Nature Reviews Cancer. 2018;18(5):323-36.

[29] Li S, Zhang Y, Wang J, Zhao Y, Ji T, Zhao X,
+ , et al. Nanoparticle-mediated local depletion of tumour-
: associated platelets disrupts vascular barriers and
augments drug accumulation in tumours. Nature
Biomedical Engineering. 2017;1(8):667-79.

[4] Magro M, Venerando A, Macone A, Canettieri
G, Agostinelli E, Vianello F. Nanotechnology-based
strategies to develop new anticancer therapies.
Biomolecules. 2020;10(5):735.

[5] Yao Y, Zhou Y, Liu L, Xu Y, Chen Q, Wang Y,
et al. Nanoparticle-based drug delivery in cancer therapy
and its role in overcoming drug resistance. Frontiers in
molecular biosciences. 2020;7:193.

[6] Rasool M, Malik A, Waquar S, Arooj M, Zahid
S, Asif M, et al. New challenges in the use of
nanomedicine in cancer therapy. Bioengineered.
2022;13(1):759-73.

(7] Datta LP, Manchineella S, Govindaraju T.
Biomolecules-derived
2020;230:119633.

[8] Liu K, Jiang X, Hunziker P. Carbohydrate-
based amphiphilic nano delivery systems for cancer
therapy. Nanoscale. 2016;8(36):16091-156.

[9] Seeman NG, Sleiman HF. DNA
nanotechnology. Nature Reviews Materials. 2017;3(1):1-
23.

[10] Kakkar A, Traverso G, Farokhzad OC,

Weissleder R, Langer R. Evolution of macromolecular

biomaterials. Biomaterials.

complexity in drug delivery systems. Nature Reviews
Chemistry. 2017;1(8):0063.

[11] Habibi N, Kamaly N, Memic A, Shafiee H.
Self-assembled peptide-based nanostructures: Smart
nanomaterials toward targeted drug delivery. Nano
today. 2016;11(1):41-60.

[12] Lammers T, Kiessling F, Ashford M, Hennink
W, Crommelin D, Storm G. Cancer nanomedicine: is
targeting our target? Nature Reviews Materials.
201651(9):1-2.

[13] Xie X, Zhang Y, Li F, Lv T, Li Z, Chen H, et al.
Challenges and opportunities from basic cancer biology
for nanomedicine for targeted drug delivery. Current
cancer drug targets. 2019;19(4):257-76.

[14] Bobo D, Robinson KJ, Islam J, Thurecht KJ,
Corrie SR. Nanoparticle-based medicines: a review of
FDA-approved materials and clinical trials to date.
Pharmaceutical research. 2016;33:2373-87.

[15] Anselmo AC, Mitragotri S. Nanoparticles in
the clinic: An update. Bioengineering & translational
medicine. 2019;4(3):e10143.

[16] Hanahan D, Weinberg RA. Hallmarks of
cancer: the next generation. cell. 2011;144(5):646-74.

[17] Han X, Li Y, Xu Y, Zhao X, Zhang Y, Yang X,
et al. Reversal of pancreatic desmoplasia by re-educating
stellate cells with a tumour microenvironment-activated

nanosystem. Nature communications. 2018;9(1):3390.



o
/:;"“'""jc ‘5\;\
s
g8

i

o g SLidad 6 jlasis o 10 P ) jgs Jlw g3l gls

[43] Han HS, Thambi T, Choi KY, Son S, Ko H, Lee
MG, et al. Bioreducible shell-cross-linked hyaluronic acid
nanoparticles  for
Biomacromolecules. 2015;16(2):447-56.

[44] Lallana E, Rios de la Rosa JM, Tirella A,
Pelliccia M, Gennari A, Stratford IJ, et al

Chitosan/hyaluronic acid nanoparticles: rational design

tumor-targeted drug delivery.

revisited for RNA delivery. Molecular pharmaceutics.
2017;14(7):2422-36.

[45] Choi KY, Silvestre OF, Huang X, Min KH,
Howard GP, Hida N, et al. Versatile RNA interference
nanoplatform for systemic delivery of RNAs. ACS nano.
2014;8(5):4559-70.

[46] Ween MP, Oehler MK, Ricciardelli C. Role of
versican, hyaluronan and CD44 in ovarian cancer
metastasis. International journal of molecular sciences.
2011;12(2):1009-29.

[47] Jani MS, Veetil AT, Krishnan Y. Precision
immunomodulation with synthetic nucleic acid
technologies. Nature Reviews Materials. 2019;4(6):451-8.
[48] Zhu L, Zhao J, Guo Z, Liu Y, Chen H, Chen Z,
et al. Applications of aptamer-bound nanomaterials in
cancer therapy. Biosensors. 2021;11(9):344.

[49] Wu X, Chen J, Wu M, Zhao JX. Aptamers:
active targeting ligands for cancer diagnosis and therapy.
Theranostics. 2015;5(4):322.

[50] De Santis E, Ryadnov MG. Peptide self-
assembly for nanomaterials: the old new kid on the
block. Chemical Society Reviews. 2015;44(22):8288-300.
[51] Sinha NJ, Langenstein MG, Pochan DJ, Kloxin
CJ, Saven JG. Peptide design and self-assembly into
targeted nanostructure and functional materials.
Chemical Reviews. 2021;121(22):13915-35.

[52] Gatto E, Toniolo C, Venanzi M. Peptide self-
assembled nanostructures: From models to therapeutic
peptides. Nanomaterials. 2022;12(3):466.

[53] Li J, Shi K, Sabet ZF, Fu W, Zhou H, Xu S, et
al. New power of self-assembling carbonic anhydrase

inhibitor: Short peptide-constructed nanofibers inspire

hypoxic = cancer  therapy. Science Advances.
2019;5(9):eaax0937.
[54] Vargason AM, Anselmo AC, Mitragotri S. The

evolution of commercial drug delivery technologies.
Nature biomedical engineering. 2021;5(9):951-67.

[55] Liu D, Yang F, Xiong F, Gu N. The smart drug
delivery system and its clinical potential. Theranostics.
2016;6(9):1306.

[56] Wang X, Li C, Wang Y, Chen H, Zhang X, Luo
C, et al. Smart drug delivery systems for precise cancer

therapy. Acta Pharmaceutica Sinica B. 2022.

[30] Tozer GM, Kanthou C,
Disrupting tumour blood vessels. Nature Reviews
Cancer. 2005;5(6):423-35.

[31] Goel HL, Mercurio AM. VEGF targets the
tumour cell. Nature Reviews Cancer. 2013;13(12):871-82.
[32] Shields IV CW, Evans MA, Wang LL-W,
Baugh N, Iyer S, Wu D, et al. Cellular backpacks for
macrophage
2020;6(18):eaaz6579.

[33] Ngambenjawong C, Gustafson HH, Pun SH.

Progress in tumor-associated macrophage (TAM)-

Baguley BC.

immunotherapy. Science  Advances.

targeted therapeutics. Advanced drug delivery reviews.
2017;114:206-21.

[34] Guillerey C, Huntington ND, Smyth M]J.
Targeting natural killer cells in cancer immunotherapy.
Nature immunology. 2016;17(9):1025-36.

[35] Ma Q, Dieterich LC, Detmar M. Multiple roles
of lymphatic vessels in tumor progression. Current

opinion in immunology. 2018;53:7-12.

[36] Garnier L, Gkountidi A-O, Hugues S. Tumor-
associated lymphatic vessel features and
immunomodulatory functions. Frontiers in

immunology. 2019;10:720.
[37] Cheng CJ, Tietjen GT, Saucier-Sawyer JK,
Saltzman WM. A holistic approach to targeting disease
with polymeric nanoparticles. Nature reviews Drug
discovery. 2015;14(4):239-47.

[38] Yang Y, Sunoqrot S, Stowell C, Ji J, Lee C-W,
Kim JW, et al. Effect of size, surface charge, and
hydrophobicity of poly (amidoamine) dendrimers on
their skin
2012;13(7):2154-62.
[39] De Matteis V.

nanoparticles: routes of entry, immune response,

penetration. Biomacromolecules.

Exposure to inorganic

biodistribution and in vitro/in vivo toxicity evaluation.
Toxics. 2017;5(4):29.

[40] Thambi T, Phan VG, Lee DS. Stimuli-sensitive
injectable hydrogels based on polysaccharides and their

biomedical  applications. = Macromolecular  rapid
communications. 2016;37(23):1881-96.
[41] Schmidt KT, Peer CJ, Huitema AD, Williams

MD, Wroblewski S, Schellens JH, et al. Measurement of
NLG207 (formerly CRLX101) nanoparticle-bound and

released camptothecin in human plasma. Journal of

pharmaceutical and biomedical analysis.
2020;181:113073.
[42] Swierczewska M, Han HS, Kim K, Park J, Lee

S. Polysaccharide-based nanoparticles for theranostic
nanomedicine.
2016;99:70-84.

Advanced drug delivery reviews.

3
o
&
I3
‘%
b
3
g
E



[57] Rana A, Adhikary M, Singh PK, Das BC,
Bhatnagar S. “Smart” drug delivery: A window to future
of translational medicine. Frontiers in Chemistry.
2023;10:1095598.

[58] He J, Fan K, Yan X. Ferritin drug carrier
(FDC) for tumor targeting therapy. Journal of
Controlled Release. 2019;311:288-300.

[59] Jiang B, Fang L, Wu K, Yan X, Fan K. Ferritins
as natural and artificial nanozymes for theranostics.
Theranostics. 2020;10(2):687.



ouw g SLidsd 6 jloss (1150 P ) jgs Jlw g3l sLlos

Applications and Challenges of Natural Biomolecules as Drug Delivery Nanostructures
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/Abstract

provide valuable information to researchers who are interested in novel methods of cancer treatment.

nanostructures, tumor microenvironment
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Nowadays, nanostructures have become very important in cancer treatment approaches due to their
unique properties. This review aims to investigate nanostructures derived from biomolecules, as a
complete understanding of the nanostructure's components helps to design, engineer, and evaluate their
performance in the human body. Two key challenges of cancer nanomedicine are 1- designing
nanostructures based on the distinct characteristics of tumors by coupling targeted tumor therapies with
approaches that precisely target the tumor microenvironment (TME) and 2- determining the
biodistribution pattern of drugs by unifying the targeted tumor treatment approaches with related
approaches to prescription pathways for specific cancers. These challenges will be reviewed and the ways
to deal with them using nanostructures derived from biomolecules will be explained. Finally, barriers that

need to be overcome to enable clinical exploitation will be identified. It is hoped that this article will

Keyword: drug delivery nanostructures, cancer treatment, natural biomolecules, multifunctional
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