[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

) et Ao
\VAA QL’«.\.OJ ¥ eJLo.ﬁn AY 093

== ISSN 2717-0632 . S5 2SI ISSN 2716-9804
‘;'.u" ‘5\.&@\% Co & C;.:‘M BY u@‘fﬂ"}\} .sJS,lS 4 LS)"U‘("‘:’?
TAbs el Don Sl e el M6 peals N

Q\J.“.\ ‘CJS ‘Lg)')jL:,S GJJ:’-’UL))J cCJu.;j;u" QLG)Lw ‘LS).‘) LS)L"" rﬂ}&wSl} C)LE.:E;J dn 90 UL;.:,.':\J—\

O rl e ()plel Sk amly oDl 35T o (659 555 g 03,5 (ol (g gmitils =Y
s.shahsavandi@rvsri.ac.ir

SSVARVER SRR '@)U L VARYA S ZRTEIe PR @)U

W-4F a=iw

ol

(omeSls dse p Jold Al g B (658 eal Slagely 2 i 53 oS (el se Sl ol
3330 ed gy oat ) Glad sk 4 05 8T Calta 5 5w iy Mg AT B Sl
J s (6l S ol e eslinad Lailgosl e s b 55 56 65k ) anniS ams
s 5 Jl ol Slagaly i 4 o ol 5 O eddJ 28 lsy 5 0581 Ladas
S b el i S8 5 SNl U ey 3 el ot Ll b
Il ol 5l 350 mlan Sl sas 5 IS il | sladle s s i SVl
s gl gla Sy Gl 5 gl 5 8L e (K55 JUl s T (slasls, J s
o=l el S s el (o500 ol (KK 5 3L olend 50 50 Sles gt S0
JLasl 5 ol dsb o bdw 5 50 dile SGsls kol oo 5o by i sl &0 ol
Sl Gk Sl el Sl S5 Gl s Saio B el 5L L pd e
il 5 O3S me S0 Ve il dnl Gl S e el b bl

Lol 5 e sluang

vy


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

oo Jolse L ablis ol 5 oluss)
() T e cts

5 A S S S Olsean sy
(ot S Glaawastls o SuelLlS
L ol — sladls FESN LR U
5 S el SO Olss a5 Llesls Ol
S S 5 Olays sl 45 o a05 44
Olojlow gl o 4,8 Sl 53 b lay
Sl— 1 Osesbnsly ol Sl
Slasbon 51 ol S50 31 6ty
Osmosl (S5 (s ile e
3B ol SIS s e (JUibl B
Gl 03,5 o 5 11 LT sl o
(M

sl 51 i 1,8ty sla ST
03 0 U sl oo g (Ssae Solen
Sad chiloe Jlasl Cosie 1 ednl
Sl— sl gla Sty 5l J=lae s
sloml 51 ey O (o] s o 58
Sla Shy 5o 55 e edla ) (sl
oo ooy 035 o smme 08y
DC 1l (APC) 05 5l sdSas o

i o Bl s (5l e el S

Sloe S o s 31 o ol

VA

doctie
2le o chilee ol O el s
ol sl Sk glacs sie
S o St el 5 S
S ban Jlss 515 sl gbo ey
sbdsl 5o sbad sl (ol
Sladsbu A5 p o S 1 syl
a3l Sl (DC) Sy yd S5
La b 553l b 5 5 e 5 50
(NK) ab s2S glad phon cla L3550
Jolse JoSo slapnis o 5 b b 2l
T e
S| el el e slaa il g
slaos S 05 5T glad e B sladsh
CD4 S sbad v asbe o sies
:ST sladsl o 5 CDS
abail- L8 mel l nlene (S

558 13 S5l ey 85 el S5 5) 5 e

L A o

6ol Joole 2l 5o Oliges o5l
oSl (a0l axlge OT L xi oS
o= S e sl SE53 3 S
Tty L;LAVM.:.ZL{J Colwdle L &S


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

sddicia s sl olben Julse Ll o
Olusl Oy e e LRSS 4y o3
sl Folpalde 5 e sba 5 Lies
Oloy 52y . AS 0 S |y Lol
sl Sl S il s 4 B1S
Wlol L aS 0 SaS agl alabl>
5sles el s e iS5L Jlaznl
sla Sty sl eslanal s u"‘fé O s
Sla Sy O pne ol ol i o
L ol bl o 6 S Jlab 8

a.,\_.&4_«“.>=:.<.:\f GML:I (Y 43‘)‘.,\_3 =2

el e o Bl 5 es s Ddeeli S
Sl SV b ol W6l g5l sl
3 Sl e DB SOl f Y
ol s sl bl s STy ol o il
L s s Sals Dua L b
5 S Ol Llnl Jlay 5 05T
(gl il gl fely 038 SV b

(0) Conl plecSt sl aly o8
sy ool slac @b s L
Sl el Gl ST 05 S S5
Sl oL el gl e sl st
S 5 oS Sste sl
S Sz el sl

va

a5 05551 5 03,8 womlee sl
AS s 45151 CD8 4, CD4 B slaJ ke
sosls pasis |y ST Jlasl cosie G
ssbe s Sless la STy L G S
O PSP St I O s
Looses =ln 02 dlad el sboely
Gl el 5l 3 Lleds | b
oy L0 5 05y slewsay
S L ISP WESPVP N AP+
sleos g b Sl s o b
L S el (e 3 S (o0 15
sdt 4yl J=e )5 (adjuvant) il sl
3 OgobianSly g5 3 Sl — S —
Lot Gy LaDC masd 5 iy
oy 038l LDC s 5 sk
33 KeS 5 CD8 5 CD4 clad ylwe o
NV R RN PPN
NK ¢lad b s CDST clad .
b slad o b e Rl
Sad o sl e 53 el Slasl
w33 Sl gbadle 5 ol
S pSadsy s e S glalld o s
o 0 sl g 5l STy (Y )

(..".M..Ej dwﬁﬁ 39 oJ\J;ﬁ.:x.,b oJ\.',J' Cj.: 93


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

Ll Lo Ll cul Sl gla ST
S 1y Js—esn sl sloa JuSty
el STy sl anes of gl 5 Lase
SR\ P N WO Gl e sl &S
sla S (1 s 4 ] ALel,st
el Sl e sl les 1S
Olseas Laopls sl (V) conl ol plxl]
sladssdse 5 pml S e glad S5
SlasS ;o 4 ol oo el JUis] g
I Rl et KPSl
sbadslw slwdlbi a6 b s
=l bl sl Gl 0 o
OV =A ) ditees 136 lew Julse

) bt ply JUs! LS
I, (PRR) ;&8I Lawis ok S a5 Sl
b mlwlis Jgsne g osls I3 Ciua
(PAMP) sl S8 - 55— sy
NLR «(Toll-like receptor) TLR JoL&
RIG-I 5 (Nod-like receptor)
(Retinoic acid-inducible gene 1)
olsaral ol Lad 5SS 50 ol s
s 05 el sl il a5 Ll
QY OY #) Ly e LAPC

LDC a3l S tibe el slad she

5 el Gl w4 colmsl o ]

.J}.fb&)j]a S|

by 9y 9 3lg0
OVl as glaa bl caadlas ool 5>
SleMbl slael L s el b iz
«Google Scholar PubMed Springer
s ) A L ScienceDirect
sla sy colaa ;s Lacil sl 6U
el ST 05 5T 4 maly L3 e

RGIU RPN U

el
bl o8 5 S0l el
b e e ol s 4
St s (o) S e slad 55 5
=t S s el S
b Il B () s
Sgdome sl AU s, e gladl sl
LS oo p e 1 Lo sbas oo

=S5 o SYsb slails gl f}-ﬂ


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

Sl o s olwl olew s Ol
L Lolgs ornb gl Ll glacd sl
Sl 2ulse 5 Cae BB &S 03y \/.o\.j
A La Sl WJesl L .(VP) e
IS paxlse Il Ly sl W s
Conl K e R~ aJCJhJ'CwL_:: Ol g
e gl osd e b Sl s w
o ol Gl edd pwkigs sl Jol> 5L
Olypea; bl sule eddd 28 5 J5e Jiss
LgLA;A_:‘)}J‘ ] o g_ﬁjjax.a CA.H};.-J\
&—.’. .)\_.4\‘53& ub.}‘yb L;LWG ) aJw'T:‘j?-\Jk
J;)uj.}}.hg_.,.:s; LS‘J" o.,\.l.ls‘)\j.)\.:ﬂ‘f.m.g
4SS Cwl ol d enls OLAS L LSL O o]
5 TLR olast| glacans ST 6,108,
LAPC L 5 Lel )8 Codor e bs o 50

CpG s S 5,8 e J510 G5

A

|5 LTLR I isse 130 B lad s
A5l LLS,I PAMP L aS S s ol
s ply JUml slajliy] L s ol
Loy PAMP Lol auS e 600,
15 el e K2 o LTLR
sl e sl s s L
S e slad s 5e cwnl b o b5
] Jld ] LSO R P - SR N
ool ol dS e Ll s
53 LaDC 5 TLR oy age bL 3|
ST T slad sl sl & ilwosbal
|3 3,03 3 pm s LS| sl slageuly
5 fk Ly el L5 WDC s Shas
ole b 45 358 e s s O Daadls
AY) 355 o plnil TLR alanal sl Lo,
Sl galy J S 55 sl pdy ol OVY
Ol o 5 3,13 age Lo S15 e
Sl b sl 5 LDC ¢l o
S 5 g b Gl aS spd e 05 S
Sl s 2S) ) slagaly
00) (V K8)
s smas sLaS JUT 5 TLR LK
Ol geay sd S gl glala L uls Ll

LS‘)b UAJJD/J}A U'i‘ S Voo Y J""SU C,g‘fb‘


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"\Y"\A btm.dj a? GJL&:’ AY 092 L‘M‘j ;5;'0'?" 4..‘.?'50"

oo gl e ol Olsea S350 Sy sl s ela gl iS L 05 5T L ol en
T sladsbu 5l od sl sue a o i o=l 353 0 LaDC Sl o (§ peuls
A DY) JJS o:U.’I..«:‘B_g )‘ u“)_'s'u_au.k_w\éw olis wladlas

A O Antigen
Adjuvant
e
-

----- o c®

A Inflammation

NLRF'3 .

‘ ----------- ,
Activatio 8 Inflammasome H

\ Antigen

jucle P i
“ ”—_:‘_'___rocessmg

o-stlmuiatlon

,—"" Interleukm ! Medfators
Immune oell
modulatlon MARIC: 1

‘@ =Py V il

Cellular .
Respanss . @ T cefl actwanofr S -
@ | T =D
Macrophages Y - Y
NK cell CTL
|Opsonizing Antibodies | |Neutralizing Antibodie
the LSt sl sl a4y a3 S0 5 o 3 Sl 3 S8 S 5 e Sl -y s
oSl 05 ]
SIS S S SO N S RS PO PV Sl es S aals L Lacil gsl 45U
AY


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

slaasls nan T slad hu plas o
OladinS ot 03,5 JLad

OgebonSly Jl 0As SY5b 5 oo -
03 Sl e el Ol Ol 5
Blie a3 STL s, 0 &) 50
S5 IS 5 B3l ol sl
L cblis ashl sl sl femly g5
Sogae pln o plss

051 S LS Sl cbli= Sl e
oS Sl U il ean plp
23 el ol gl i sl lad g
e S Sl Glad s 50 3
Lol 2 5l anb 05 =T ol js as el
33 e Pl e A s edae A (]
gk Clables 5158 NECI

ol 5 g2 25 CJ e A
F) edias LS5 D3 S0 pleard 50 58

ATY-YY 04 8

e’ Sl e sla
Sl b o syl ey il sl 6L
Sla, S ay a0 (Ol il S,
cilasl il Ol 5L cedlw s
Os¥so b 5 5 b S oS 5

0553 Cdigi o | = il g Sl

AY

Cm st 53 Sl 8 0L Gl e
Sl STy o sl ol 4 s S
(V) Lsls sdge o Lds s

534S olaeds 5l F gl o s
A58 e Sl eslial 5,40 I3 4
o) el b oSSy sl L el
(sl Sl b sls ol 5 PLGA
J=on Sl sl 5 015528 O3S (5
o pdam A (s p s
ealenl Al )50 0058 5w
Sl (Y)Y 0) e OLasl s
Dl d)le Cilszal 9l geddas s
ol el L G Ol e
J=s>5 5 Ls APC Ly 05 51 il
el ladslw e mes OT S
OF 5Liss5e 53 ials 5 G 05 5T o
0l LIS, oo ol 5l claslos o
Snm b il ca s 2l e
O

038l e ol he—us
Fob Soms (DO L5 o5 1050
sl she @ bad e pl O les
Sl 058l s 55

05,180


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

o de 5 SHp S W s S5 S
S BS 5o 5l e (S35 sm il
s e 055 25 s s S
o33 d e 5> ol s, 00 Hlanl cuiS
b BAPC b5 05 Son 5 031l
R e i
0551 @18,k Ol sl S sS
ol S blis sBs s ol 5555
Al el e 03 1S 5y ST L Ol
L o clis Jaalil oy e o LT
26,8 olusl 1) LAPC 4 S 58 o510
CetS 5 Ol5ee 5 2 Oy esll S50
0 Sl el S sl —
S ol Gl S 5 s s
o315 s OF a3l m 5 sl (o ol
o 05l Jusl gl bl ol g
Crod| 314l Olesle gsled slacsl
GASL s Sl sl
S PO T P S W P PR S S
JLisl 5 LaAPC Lw s 05 =l ol
I3 s e sl slapllil 4 0T
i Al o LaAPC v g ol ab S
sl adhize e

s Gk el 5 s ek a5l J st

AY¥

52— ed—mny OL3 ol
Sl o el ol S0 58 Slos yast
soode (s slad S 5 S
LsAPC s 0 g 5 05 81 sl
sy LA ¢l — LaDC o3 54
g o (YO F) WLIAS b 3 olasd
s3ls Jolse L oslpe bl )3 6L

N]PENEVINE-S|L §] S— 23 b

A b m Sl rina s
! DU s e ol okl 5 03y
by S s Ul e  Jelse
la JuSly an by o g O3 ol

3,5 G axws OF 31 3 s

ldeib ples

e ol b 33 03161 Shunod
olis sl 56 3 51 gl 1]
Sl 5 S el mel S
o310l 51 5 slize saesls .S W
P gl bl kS
o=l Sl o, e ol e
sl el il S s
s ol O3 Ko 31 i oI350

CJUJ cd_ad s J_L)?L; LSL_AV.:_\M.:.M BL


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

o gy i OLSe S 3 Ol 3 s
G e e (SIS LTA V) s e
L ol 5 Jlasl s s o LK
Sl il am pliws 534S 3 0
Sl ipal 53 515 sl a8 Ly
S P S Ry 1O V- PRSI S S B
Gl ys ciliss slasjlul b sl
oKws Jus ol 5 555 (WSOl 50
J=1s slw s ¢L,<;A w0 Oludl ks
ot il Je 5 szl U
Vohs L ol 5 S ol sl (g5l
S50 s iy ey Sa V0 LS
JranSeme Ry W NN VIR RN > B VRCH PRV
Vo ks L o sl s Y ST el s
ozl Sl e 50 Rl Vel
3ol o O3 gL A aw e ks
503,55 se e o e Bl
Ao e 3 il | il L;ur\.ul
s A S 3 Jlie s
23 5 ekl e an; ol sl
e R
52 (Y4) Ly s o S Lac o SU
s e S ol sl sl 4t

Q\j;&d_.ajoudmjl_éj;b Cj.la..a

A

s S Glezy 15 T CD8 bl
Sl G Olseas Al 55 e 05 5T Sls0
Jos LaAPC s O pslie sLisl sl 5
e (3 g a3 ,SLS ol s
e gt 81 2) LBl
S 5 sl wslasl (APC L

(Y8 F) 5l Kas 05 5T slala,
Gold el 4 05 BT Odewy s
5 Sl Dl syl s W 1
ool s A a5 L el gl
Jol sl sl W 05 T
L)l ol de 5 Ol LIS o
s daly (T2 (Th1) eyl sls ey
ki gl sy a3 sl p s S
Al oslan ol SKas O senllST
53 b sladn 3l e Lttt
e I N I
S L e S Ol O 0,8
Jail aole ol 6l Jlad sl )l 3
o5 BB Ol 4 el (S LS
oml s S Ll ol &y 03
= P sl S Sl S
L Lac b 5l = p 5 G 1K)

s L 5 Sl— 04— slad


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

o a5 BY0 LYY L ls

Ao ) gy i b S
3L ol 5 i Fl ol olans]
S5 S ol boawslis 55 TAT ao
L= ol pnl clod s ey Sn ¥
(ol #ve=Yer) HBsAg o5 5l
Cibs s ms ke 15 Thl pwsl &uly
L oilw sl &S I 55 S o Jles B

— ~ S "Ajj_i,:ﬁ Y-A C)‘)J

las 555 oo Th2 — BER-PLE S
a5 S Lajlis Sle Al LaAPC L g
.)\MS‘_SA 1] b QJ_)'L"’ d""“‘i‘ c,wLi 9 o
S » andllhe sline (glaesls ¢ Llis s
O3 Sy s lB IS0 658 sl
p- d_.,l"" 03 aS Loea U'i‘ ji_yLﬁ_: PLGA

O3 eslasl acals 3 5ds o e S
a_)\.,\_:‘ R x ‘U‘AL""‘ LJ'i‘ » RGN J‘j..w)

AF

poldms SLASN 6l e HL e S
S b o Cans S350 05 T
s SV o= 05 1 S0l
o=l Al i D SG5 s
03 LaAPC Ly Sye JuSen 35
38 sl D3 slal 48T (5515
A Ol Sl (ol Jseme APC S
AF0) 5 dal g5
S el ol Kl Clids &
e il G L N @ IS LI BIE SRR e
o S35 S 5 LEL Oslae Ll g5 o
gt oo d e sl el o 5
) el i 3 EL S I
el ok 3158 S e W Sl
Slo S b el oy b by l)s oS
e ags Wb, Sl L LDC Ol
SIS osban sl YooY o3
CD4 ol Uil Wl L 5 g sl 3 b
Thl g5 3 e LS‘-“CML 5 CD8
JEanSva P VG Y Sy SV VWS IPLL KY
S5 sS Gu b 5l el O
Lall a5 ol plondl 5gmm s s Sa

03 Syt o e Jpasa Sl muly


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

DS (Pl g o 5 90b
Sloys Glaal gl S35 estinal
0,550 Jols el e lS L
0Pl e glad s 5 L sl e 5
slaes S L5 LIS 5 baazy b
sad s 4o 5ol Jlasl ¢l olesd
(oS 5 Joo) Sen 5 Ols5 L onl G
ERCEIPYPH iy ST N PP
st L Ol e ) L2 glaedi
S e L L pled sl g
IS arloaed 3lsel s slad 555
s pLe e D3 5L (M) 5 S
Sl slas somn @ s s kil Lo 5 o g
Lo Tulda g 5 ad sl slag 555000
sl am ol b s 15 51 (ol
5505 b pasadl dais 5o ol S
g Ol glad sl 5 L5 s S
S sSB Jals 5
Lo oS da iy L st s s SLe
S 5 sl
el el G Llid 558/ o S
Loast ol 8 G e s (7 IS

uj_)\_g‘ Be )

J.Lcj.:b \Ye }_125 p- J_?@—o-h.zcw‘

AY

g5 oL 3l plaw 53 ST Ol
3l (S Ll Jles 5 a0 sy
ATY (YY)
1O0d taw SwgdST 9 Sy ST

s obipl o S S g
Sy Sl oisan OF 51 30 sladly
Al s VL Sl oS U
S 5U i o)l sdiS Ol sy
LB Glos g5 Oy pots oS S5 Ll
G SL a5 S oled iy e
(eI ol s Al Ol b
L Laslis St s olys il pusle s
L ls e S ales il glad
S S 4 S b obe (s
Logar 52 SO O3l pd o e
5 S lbe Ho 5 e Sl
s S| S b CiS L
b 5 3 ST 5me3 sl ptisan
P e Gl Bl (0L) G550
Lol sy b e o wsol ol
g3l il ol glacaslasl
03,5 13 n bl Jokw glansSs »
YY) s e il 1 Laol Sast,
(Y0


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"\Y"\A btm.dj a? GJL&:’ AY 092 L‘M‘j ;5;'0'?" 4..‘.?'50"

Ligand-modified NPs  Viral NPs avata) ks

% Opsonized NPs

S g bl o S eI L ol s S b hdsy slad S5y b s
(YO) Wisd oo e 3l aslie Jlad L sy 1550
Phagocytic pathways Pinocytotic pathways Direct penetration
Ce : Aggl Functi Nonfunctionalized NPs
© © >0 : & S * Q cPPs
: % — CTAB PEG FS small

++
I =R & C Vi
: ) g %% small
Meodified mannose, | g% Nani speclﬁe 1 7 Ab_‘*_‘_ dendrimer
196G, complement, E < endocytosis ¥
g £
. %2
¥

- Membrane bilayer
4-10 nm

c.»’-\
& -

‘ |

3 £ ile o
< * 5 ¢ \\ = [
v i ‘\ &“" v g ® e e
=>1 umo3) |e>1pm k-~120nm 4]  e6Onmoy]  I0NMy
Phagocytosis ;| Macro Clathrin-mediated Caveolin-mediated Clathrin/caveolin-
, pinocytosis  endocytosis endocytosis independent endocytosis

Ok slad e 53 S350 el g Y K2
S el 53 0 o3Il ol cslil 5 JUnl ol ans 3 o350 K S Caols o ey
Ll D3 I G s s Ll 51 M s 358 S 058 Joeed dshe 305 5 IO S 4 ol
03 Flose sbml b el (S VL JB b 5558 855 old 5 (resl iy hid) Al S8
b O3 EL pshe (SaS1 o SuSeal Gumskil abuly b ooder 5 S sl Coen Lis

Al s el o3l 5 ol plsd (a\JS A4S sl 3l Gl gls s

bl s as aan s ol VIS J_gJ_Auj;uL;,)J_goja_:ﬂg;x_?

e il 4 05 8T 6 ST g g‘b.u" LA I 50 5 2y 5L

&6“)4)}‘5&‘}9;«.40)3}4[;)‘@5&1 J"_A&A)}buL}_Aij_su_.v'|
AA


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

(Ose V5SS 038 Dls il 5 i
3 e VLP aibe ols Lol 50 s
USCOM) ta] (s S s uShaS
L esls g Giis Lol o
ool slac—o 3l a5 LaISCOM
JeS—5 b ped 5 JomdS i sl
SO VN U ] PE S RGO P H PR -
LS5 o L osd o o DIy5 oyl
AV sk olome slals T i
L e R
AF) sas W Ll w05 5T b avlis
]SRN W I PEEE BN ) AN SA S
P P I C O
(Hohe e iSKan 5 5 e 0SS
$ieslsT Oln 5 Jlwlyss S5
ol Ol e slad s 55 05 ]
ol fly 55,5 S350 Jle Ol g
L xS hdsl i ) s 5658

(Y0) S o W IS glades

S sl sy
O3 Rl sy 9 BWAPC b giSon
blsw 5o b 51 by Jolse 2oy

)‘ ol ol ‘U'i‘fl—d ./\.J)_«:JL;A Q.b .)‘)\‘9

A4

sla usan 1 cdeds (labdn o
5 slS O3 S ey Sl Sl
slres, S el Sl Il Lis
S dshe Ll dnes 565 08 G558
wolis 5y 5 ool ;s’)’:j s gl | Cla.ﬂ
S8 Ol Sl b i ol L
Lot o J b e 4 S g
e Gl s Ol (ot JL 153
G Y- RS W VR R L) SO | OV Cl"“ o s
S S55S VL pshw UL 5555
an aS aS sleul Lie s gdile e

V) 55 o e s S
J=S 5 oy olsal Ly ol sl
Gls a4 Ol 5 o ol 5518 glaey S
oy 53U A Jels ol gl el
Bl U Il 0, JUasl il sl
e e 53 035U el Sl
52 01 3 SOMk 5 sl 0503
ol ol e s 5 Gl Lo
S 5 a2 oo e |5 ]
L sl g,ldS L slad S 50 ouislsl
oy FSse 035 5 S 5 3 o5l

L 05l pix s o0 J S Al


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

o) s S alises gladd 5o
U dites STy 05 51 ol e 4 0L
ol (X0 ) ssd ol s
b jsbay oS b bl 5L 4 gt
S5 Gaa |, LaAPC Jlss i Ly
R  EPRN CONI-PVGI T ] S WV Y Y
BEINVPUEN. S0 Y-S WU P YL Syl Py § s
LAPC b e 5sba o5 ol fols 4
o Jate 05 5T s e 513 G
e o1 gl o ol 6 S350
b 5l e Sl 6 Ik
S 03,5 Ll iy S5l S
S0l g e el 56 5o 05 ol
ek S Cladle S sy o S
FDA a_.U 3,40 « PLGA ,luey 5
B S Y s TSR]
Sl Golas gl sls sadd xS
Aty (Il Ol oy 353 o o3linul
sl @ PLGA 55 el 25y HpOl
el Ll Ol 13T a1 2y
53 &3l lyle 51syls 1y e
LBAPC sy daiiln o g ot
el e et (6 s
e emlie Il S S las S

Coudgdoes Jllss oo bl (5le
s ,S Skl s gl Sl
Jslss il 5o ols piie bt ol
03 kS el 1 LT a8 15 ke
bl slayuSly slass sl J-
S IRCHIW PO VRS USSR PR
d=s Gl s 4 oo e
Clas g a0 a5 conl wal,lSU
Sl e O caslsl 5 Ol 0351
ke sl il JSie ol s,
Lel Jol gla S5y 45 Lloas oLl

cdju “:T wil

233 03 03— Py
05l e g1l sl 03 sl
slac—y fals gl— 05— 55
SG2 0155 51 oo 2 0 s linST
b 5 e Vb el sy
(eS1s 05T S s 53t 035
5 05l ol il gl almal 50
J,2S U 5 LAPC Lu s OF €1yl 3 4
@3l s 3y b Rl
Aile 03 50 love y Jm 5o
(S ponky D13 50 (] del 155 50
gt psimd 5 ki s ladislo

Ols jon o god a4y al3 4 S Wil s


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

bl sla STy s ol bl
oL ,.S 5 CD14 TLR4 ;58 5 o
by LoSle b opl jasids s 5k
O35S ols i 513 sl slad sk
L 15 Thl sl 5 65,5 JLss |, DC
DNA cGAS- Sm oo 3l 5,255

(¥$ YP YF) 1S . WI STING
RS el LDC sl el ks 3
0580 s @l Sk Sas 5 APC
Ly LaPRP o3l Jl e oa
Jold LaDC § s el slaulld
St 2l gl Sl =2 5
(ol by S e S 1 el el @S
Jiss sbas b Jlesl ol 5L S
5 051 515 esls 3 Gua |, WAPC
ok b asS cobibee TLR oS
Sl gl s Wi, $alLS Sl DC
o 35— 0581 s e L DC
Ol od p ey i S sb iy (J s
Ol 4t aS dizes B J ol glacti 40
gore $lp LTh L i sla fiSen
Ll e 53 ol ool BT =i 5
DC Ll is glasn s 8L a K

J).J:d.a bk};ﬁ\ °J‘jﬁ‘:\i &MUL)W}LT

9

b aloml blsw o 3458 5 (St
Olys e LU s it bl Ol g a
i 055l ol Wl g ST L
LIl il 5l o ol sl 35 e
D5l ke polantl sl slagaly

ATY YY) A sl
PR SN WP R VN VS | PR PRy
O35 Lls Jds 4 g sl ol i
L S BIE B (r Sl Conls
05 =51 SLaD] s 53 Lies blss o
s 1y bl glacosl ul s
S Olgean O3S Ol S
O grmesbiamSly 53 bl sdir J 5550
el a3 S 518 aadlle 5y pe bl
2Ly el cie S5 S O RS
S s Sl e Dble b [liSen 5 4
Cod b s plls s 4ol S
o sl JLB o) glalaly 05 S5
Shls 5 das o Shalsdl | 05 ol 34
JFN-p Ll 4 ool Sl pamsl coled
o=l S e o s 1) TgA 5 IgG
O3y Gl 0310 Ay als O 528
Oemer Al L Cdll g iy S S


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W"\/\ bt«wﬂj uf GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

CL»NCM—AA‘ (\‘\)1 H<Lﬁ"“§ S

S5 Gua |, PRR &5 slacilssl it

s 05 Bl St A5 e das
Olgsay das ol ol GWAPC
B0 o3Il L g msand 153 60 (Jlie
s s g,y Jlrla 51 e U Y
S S 1 gslid o8 5 Bl s 3,k

(F4) wS e
—elazl 5 bay TLR J=1s L;L;a(al,«_;
u':"i‘J—ﬂ l_.’) oJJ_§ J_a.ﬁ laDC S0 2
OF Cults e LAPC w05 T L o

MHC L2 U5 Coa . 4

e s s dl s T gla WIS
o sl sl S snle 5 bady b ul
Sy — LATLR xSl i
sl Ples So s 53 LDC 5 B slad s

OVF Y sl il gob ] Sl
3 633 LBAPC ( Jsj e b 53
0555 2Ol an a5 odd 25ls
MHC slad 5o b 51 Jben
as,e 1, 05 =TI L 5T sla s

53 45 LaPRR (| 055080 A e

Y

Lo 5 O Cd 31 S 13 50 L(FY)
5l alaizs 05,5 Ly 5 LAAPC
Db ala, by o a5
sl m b 5 5 Lags ol
OT 51 oy AiS o ol 3 1y Lo lS 5aS
5 oaslod Sl gl bow s LaAPC
(il dlad ol 058l L e Jle
s MHC 0L edsas S 8o sWAPC
S e b 1 S e sl d S
sl b 55 ege S MHC slad S0 5
LS sladsbu sl gl !
Gl 1y 05 5T 55 sSB L e 5 )
S sS ladzy e ) 0T S
Slad S G b 515 00,8 Aol
s e ol 555 =l ;3 MHC
S S e (LILS s 5 5
b Sl alsblen ©soa oS s
Joe 055l ol T lad sl 035
sad an b GLaAPC o S
Lol ST LG S o o xles g5l

(YA wsS S5 Lo, ol
S SG Ol el sl 53U 5 01 5
5 ol b, L os ol ol oY b

O el s S 58 of Jlab


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

S LS o onl B sl 6L‘°c~ﬂl-’r-:lﬁ-5
Il S 4 e O s
g dal s LS Sls g3le el Gl
LAPC a5 5 s el 035 Sl iy
S o3 Szl 5 s e Sl 3 Gaa
5 Olsyen J o 0L SGl ¢ sl 550
o2l 1 el slad s 4 T wesus
5 LaAPC g5 dlad oy oS 550
e 0581 polantl glamaly ool
SLE 0Ll bl ) s sl g
ol il oo ailes Gl g el
oW e Slays sl 5o 5 5 156k

CFY PV V) A8 a3
SIPU bt 555 ol 205
5 omalil 4SS sl S e b L
5 oSls 0351 sdad S b,
Sl (il e Of dda Jess
) 05 o] 45 Ly 0,3 65U 5l eslixa
5 AsS oo culta I S MHC s s
3 SeS S T i gl
PP I B W P Py P
Slm S a5y 5 s Gleds
3 Gk sl U sl ) eslina

qy

32 o ke 0500 il el
Olgeas 36l Jolse ololis Ll
V) S o ae T dshor euly S e
WLTLR ¢l juls lol,l ol sla S
Cslite ol glad w5 Lacsl s
TLR1/6/10 Jols Ll 51 = ool
lacsl ziy ,» TLRS 5 TLR4 (TLR3
Ol oS aS Jlo 5o lisd e 0Ly
4 ;55 >~ TLR7 5 TLR2
S35 5l (Jh Glris sozme 5
s e s iy ajls Sk aDC fels
Sl T 5 B glad sl laas sazes 5

(VF)
Sl 0503 0L b L nl ple

S oS wlige lacl sl U

JLas! e 03 ,SJb 51, |, LAPAMP
5 a1 05 =l Lolasl slagal

(F0) 3,8 s

S 5 Ao

BE LSJ:§)[—<" Ls\j" J‘}A U'i‘ e.L.in.;@_»


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"W’ﬂ/\ C}t.w.dj uf GJL«‘: AY 693 ‘L;;'“:J. d:«wj 41?5.6"

References &bo Cw 58

1. Levine M.M. and Sztein M.B. (2004). Vaccine development strategies for improving immunization:
the role of modern immunology. Nature Immunology. 5, 460-464.

2. WHO. (2019). WHO guide for standardization of economic evaluations of immunization programmes.
(World Health Organization).

3. Park Y.-M., Lee S.J., Kim Y.S., Lee M.H., Cha G.S., Jung 1.D., Kang T.H. and Han H.D. (2013).
Nanoparticle-based vaccine delivery for cancer immunotherapy. Immune Network. 13, 177-183.

4. Zhu M., Wang R. and Nie G. (2014). Applications of nanomaterials as vaccine adjuvants. Human
Vaccines and Immunotherapeutics. 10, 2761-2774.

5. Cox J.C., and Coulter A.R. (1997). Adjuvants—a classification and review of their modes of action.
Vaccine .15, 248-256.

6. Marciani D.J. (2003). Vaccine adjuvants: role and mechanisms of action in vaccine immunogenicity.
Drug Discovery Today. 8, 934-943.

7. Lindblad E.B. (2004). Aluminium adjuvants—in retrospect and prospect. Vaccine. 22, 3658-3668.

8. Dehghan A., Shahsavandi S. and Jabalameli L. (2018). Improvement efficacy of Influenza
nanovaccine in combination with hemokinin-1 molecular adjuvant. Avicenna Journal of Medical
Biotechnology. 10, 208.

9. Shahsavandi S., Ebrahimi M.M. and Samiee M.R. (2018). Promotion the immunogenicity of chitosan
nanoparticle-based influenza vaccine using hemokinin-1. Journal of Arak University of Medical Sciences.
21, 65-74.

10.Soleimani S., Shahsavandi S. and Maddadgar O. (2017). Improvement influenza HA2 DNA vaccine
cellular and humoral immune responses with Mx bio adjuvant. Biologicals. 46, 6-10.

11.Haghparast A., Zakeri A., Ebrahimian M. and Ramezani M. (2016). Targeting pattern recognition
receptors (PRRs) in nano-adjuvants: current perspectives. Current Bionanotechnology. 2, 47-59.
12.Ebrahimi M.M., Shahsavandi S. and Shayan P. (2019). TIR-TLR7 as a molecular adjuvant:
simultaneous enhancing humoral and cell-mediated immune responses against inactivated infectious
bursal disease virus. Viral Immunology. 32, 252-257.

13.Colonna M. (2007). TLR pathways and [FN-regulatory factors: To each its own. European Journal of
Immunology. 37, 306-309.

14.Rashidi S. and Shahsavandi S. (2018). Immunologic adjuvants: An overview of Toll-like receptors
mechanism of action in triggering the immune responses. Medical Journal of Mashhad University of
Medical Sciences. 61, 1061-1070.

15.Azmi F., Ahmad Fuaad A.A.H., Skwarczynski M. and Toth 1. (2014). Recent progress in adjuvant
discovery for peptide-based subunit vaccines. Human Vaccines and Immunotherapeutics. 10, 778-796.
16.Comberlato A., Paloja K. and Bastings M.M. (2019). Nucleic acids presenting polymer nanomaterials
as vaccine adjuvants. Journal of Materials Chemistry B. 7, 6321-6346.

17.De Titta A., Ballester M., Julier Z., Nembrini C., Jeanbart L., Van Der Vlies A.J., Swartz M.A. and
Hubbell J.A. (2013). Nanoparticle conjugation of CpG enhances adjuvancy for cellular immunity and
memory recall at low dose. Proceedings of the National Academy of Sciences. 110, 19902-19907.

18. Tomai M.A. and Vasilakos J.P. (2013). TLR7/8 agonists as vaccine adjuvants. In Novel Immune
Potentiators and Delivery Technologies for Next Generation Vaccines, (Springer). pp. 3-18.

19.Sinyakov M.S., Dror M., Lublin-Tennenbaum T., Salzberg S., Margel S. and Avtalion R.R. (2006).
Nano-and microparticles as adjuvants in vaccine design: success and failure is related to host natural
antibodies. Vaccine. 24, 6534-6541.

9 ¥


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

" sl Glagal Cusl 5 Sulda 5o LSl gl gl s 5L 4 g5l O SN gl

20.Li X., Min M., Du N., Gu Y., Hode T., Naylor M., Chen D., Nordquist R.E. and Chen W.R. (2013).
Chitin, chitosan, and glycated chitosan regulate immune responses: the novel adjuvants for cancer
vaccine. Clinical and Developmental Immunology. doi: 10.1155/2013/387023.

21.Pati R., Shevtsov M. and Sonawane A. (2018). Nanoparticle vaccines against infectious diseases.
Frontiers in Immunology. 9, 2224.

22.0yewumi M.O., Kumar A. and Cui Z. (2010). Nano-microparticles as immune adjuvants: correlating
particle sizes and the resultant immune responses. Expert Review of Vaccines. 9, 1095-1107.

23.Sharp F.A., Ruane D., Claass B., Creagh E., Harris J., Malyala P., Singh M., O'Hagan D.T., Pétrilli V.
and Tschopp J. (2009). Uptake of particulate vaccine adjuvants by dendritic cells activates the NALP3
inflammasome. Proceedings of the National Academy of Sciences. 106, 870-875.

24.Sun B. and Xia T. (2016). Nanomaterial-based vaccine adjuvants. Journal of Materials Chemistry B.
4, 5496-5509.

25.Zhu M., Nie G., Meng H., Xia T., Nel A. and Zhao Y. (2013). Physicochemical properties determine
nanomaterial cellular uptake, transport, and fate. Accounts of Chemical Research. 46, 622-631.

26.Vila A., Sanchez A., Janes K., Behrens I., Kissel T., Jato J.L.V. and Alonso M.J. (2004). Low
molecular weight chitosan nanoparticles as new carriers for nasal vaccine delivery in mice. European
Journal of Pharmaceutics and Biopharmaceutics. 57, 123-131.

27.Mata E., Igartua M., Hernandez R.M., Rosas J.E., Patarroyo M.E. and Pedraz J.L. (2010). Comparison
of the adjuvanticity of two different delivery systems on the induction of humoral and cellular responses
to synthetic peptides. Drug delivery. 17, 490-499.

28.Mottram P.L., Leong D., Crimeen-Irwin B., Gloster S., Xiang S.D., Meanger J., Ghildyal R., Vardaxis
N. and Plebanski M. (2007). Type 1 and 2 immunity following vaccination is influenced by nanoparticle
size: formulation of a model vaccine for respiratory syncytial virus. Molecular Pharmaceutics. 4, 73-84.
29.Gregory A.E., Williamson D. and Titball R. (2013). Vaccine delivery using nanoparticles. Frontiers in
Cellular and Infection Microbiology. 3, 13.

30.Ko6ping-Hoggard M., Sanchez A. and Alonso M.J. (2005). Nanoparticles as carriers for nasal vaccine
delivery. Expert Review of Vaccines. 4, 185-196.

31.Shae D., Postma A. and Wilson J.T. (2016). Vaccine delivery: where polymer chemistry meets
immunology. Future Science. doi.org/10.4155/tde-2016-0008.

32.Lincopan N., Espindola N.M., Vaz A.J., da Costa M.H.B., Faquim-Mauro E. and Carmona-Ribeiro
A.M. (2009). Novel immunoadjuvants based on cationic lipid: preparation, characterization and activity
in vivo. Vaccine. 27, 5760-5771.

33. Aguilar J. and Rodriguez E. (2007). Vaccine adjuvants revisited. Vaccine. 25, 3752-3762.

34.Guillen G., Aguilar J., Duenas S., Hermida L., Guzman M., Penton E., Iglesias E., Junco J., Torrens 1.
and Lobaina Y. (2010). Virus-Like Particles as vaccine antigens and adjuvants: application to chronic
disease, cancer immunotherapy and infectious disease preventive strategies. Procedia in Vaccinology. 2,
128-133.

35.Bolhassani A., Javanzad S., Saleh T., Hashemi M., Aghasadeghi M.R. and Sadat S.M. (2014).
Polymeric nanoparticles: potent vectors for vaccine delivery targeting cancer and infectious diseases.
Human Vaccines and Immunotherapeutics. 10, 321-332.

36.Sahdev P., Ochyl L.J. and Moon J.J. (2014). Biomaterials for nanoparticle vaccine delivery systems.
Pharmaceutical Research. 31, 2563-2582.

37.Joffre O.P., Segura E., Savina A. and Amigorena S. (2012). Cross-presentation by dendritic cells.
Nature Reviews Immunology. 12, 557-569.

38. Amigorena S. and Savina A. (2010). Intracellular mechanisms of antigen cross presentation in
dendritic cells. Current Opinion in Immunology. 22, 109-117.

39.Chattopadhyay S., Chen J-Y., Chen H-W. and Hu C-M.J. (2017). Nanoparticle vaccines adopting
virus-like features for enhanced immune potentiation. Nanotheranostics. 1, 244.

o


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.4.3.2
http://journalofbiosafety.ir/article-1-370-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-14 ]

[ DOR: 20.1001.1.27170632.1398.12.4.3.2 ]

"\YQA C}b.w.dj uf GJL«‘: AY 693 s;;.m.}_j d;a.;‘ 41?5.6"

40.Duong H.T.T., Yin Y., Thambi T., Nguyen T.L., Phan V.G., Lee M.S., Lee J.E., Kim J., Jeong J.H.
and Lee D.S. (2018). Smart vaccine delivery based on microneedle arrays decorated with ultra-pH-
responsive copolymers for cancer immunotherapy. Biomaterials. 185, 13-24.

41.Dhakal S., Ghimire S., Renu S., Ross K., Lakshmanappa Y., Hogshead B., Bernardo P., Lee C,,
Wannemuehler M. and Narasimhan B. (2019). Evaluation of CpG-ODN-adjuvanted polyanhydride-based
intranasal influenza nanovaccine in pigs. Veterinary Microbiology. 237, 108401.

42.Ni Q., Zhang F,, Liu Y., Wang Z., Yu G., Liang B., Niu G., Su T., Zhu G. and Lu G. (2020). A bi-
adjuvant nanovaccine that potentiates immunogenicity of neoantigen for combination immunotherapy of
colorectal cancer. Science Advances. 6, eaaw6071. DOI: 10.1126/sciadv.aaw6071.

Perspective on the Function of Nanoadjuvants in Directing
and Enhancing Immune Responses

Shahla Shahsavandi*!, Amir Hossein Janipour?, Roham Pouyafar?
1- Associate Professor, Razi Vaccine and Serum Research Institute, Agricultural Research Education and
Extension Organization, Karaj, Iran.
2- Biotechnology student, Islamic Azad University, Yadegar-e-Imam Khomeini, Shahr Rey Branch,
Shahr Rey, Iran.

s.shahsavandi@rvsri.ac.ir
Abstract

Many of the factors that play a critical role in the promotion of strong immune
responses, including vaccine formula, adjuvant, production process, administration method,
and directing of antigen to immune cells are interrelated. For the past two decades,
nanotechnology has used in designing the new generation of adjuvants. The nano adjuvants
apply in targeted delivery and controlled release of antigen to induce the more strengthen
cellular and humoral immune responses. A comprehensive literature search concerning
nano adjuvants and enhancing the immune system was conducted using articles published in
recent years. The size and surface characteristics of nanoparticles are the dominant factors
in controlling their behavior in biological transmission, tissue and cell uptake, and inducing
immune reactions. Understanding the physicochemical properties of nanoparticles and their
quality is essential because these elements may lead to dynamic changes in the biological
conditions, such as affecting cells during absorption and transmission. Nano adjuvants
provide great opportunities for improving immune responses through mucosal
immunization. For clinical approval of nano-based formulations of antigen and adjuvant,

some optimizations need to be taken as pointed out in this review.
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