[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

(i (ag) Adaa
'van j#l,:\d' bJLA.ﬁnc\~ 09

(S5 G gmlians) g SaS 4y Jlad eyl 5181

it S T gy S8 aai (6550 amle
Ol o3 Bty ol 15T oS> €5 gur s Sem A3 IS =Y
Ol el 05 (38 o3 5 K3 puikige Sho oKl g5y (685 (g mtils -Y
Ol el ol b ol o H 93 08 Jlo 5 90Tt o -V
Ol <O 58 (OIS o o8l s palidh S5 (655 =

sakynemashjoor@gmail.com

Sl

Ed k4

Fr o ot Sl Sl a4 e L5 e oS Sl G (55518 ((SS5 ol el L 1Ok ($3 O splinST
(st Sllen S ol 2ln 02 il & 2 el s S L2005 e s S e
(o) GBSty ann g sk 4 ey Doseo 4y edd Sla ladde 5o pals st WA 5 s et
oS 5a 5 (Slaantl LOLSS Loy cpl o3 oSl 4 S 5 adllas 5550 Sl 5 LOLGI 53 LelLlS 5 i
g by il il sl Lol on b oled @ 5 odd i O 5 sl Olsie 0 L5 o0 )b Glagns
5 SaS T slacausid (oab Bl glamaly S Gl aS0LST bl @l 2 5 553 Gooy Hlas
S cbli s Gda (Jlad e (s3luryml lajiiss 3 il ol Sl 3 Jshor o 3 Shee U T i
Gl ol 3 pumie «ode Ak 5 SILL el K g Jled o5 eal 53 SOT b ol 355 50 Lol L3 S5
e ol e 3 G ol Sl o) 5s S5 pwdige Ldr slaan S 51 SG Lok sla STy
Rl i s 5 A 5 L CBls S g ol 4 0T W el slagaly 5 Lol slagSTs

el o Dl sk 55 (555l

.Lgbl{&:j (S5 sl 0L 63 O galinnST s (S SldS

oS slacisie 5l (gols Bl 3 el wiSTL PPRTH

Shicolen bolse 5 ol Sl Ll il ol LS OselbanSly Gl sl Gosld (K85 ol sl

\) d‘}:—u-JL».:-mS‘j w); LSLAJ"')) )‘ LSJ;GJ@" Sd=e ol ;W GJUJ L;'(.M.u LSLAJ.MS‘} J:SU 4}:;‘ Cﬂw\
Vo


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwikxLufuprVAhVHIpoKHS-7CI8QFgh1MAc&url=https%3A%2F%2Fwww.facebook.com%2F%25D9%2585%25D9%2588%25D8%25B3%25D8%25B3%25D9%2587-%25D8%25A2%25D9%2585%25D9%2588%25D8%25B2%25D8%25B4-%25D8%25B9%25D8%25A7%25D9%2584%25D9%258A-%25D8%25BA%25D9%258A%25D8%25B1%25D8%25AF%25D9%2588%25D9%2584%25D8%25AA%25D9%258A-%25D8%25BA%25D9%258A%25D8%25B1%25D8%25A7%25D9%2586%25D8%25AA%25D9%2581%25D8%25A7%25D8%25B9%25D9%258A-%25D8%25B3%25D9%2586%25D8%25A7-%25D8%25B3%25D8%25A7%25D8%25B1%25D9%258A-205472269487071%2F&usg=AFQjCNH1cEIxRFImdiDPrCRSd8SfJ7tkPQ
mailto:sakynemashjoor@gmail.com
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

MAFAT Gl oF obadi o) ¢ o0 e el Alaa

23 ol Goolse Osbs Lol W pol 5 g e o
WJsbo 53 Loles e SYsb Ols b 5 odd 5515 O
N B3y Ol 1 Jshes 0550 5yl il

la opuaSTs L0 eSS it
03 ok Ol ol slal Jels STy 10k s
S oslil Sy o) s ol Sl LSl

S8 sbadshe o Ko edge slagosli
e G sl 2l 8L ey (Y)W o Ol
B Ol 53 dendly giledilen 5 5T ol
Lilen sy 658 ST (O INk glad k)
5,50 05 SVAO L 5 CMV) s s 5K so
lo Q5 (O35 ml ¥on oS 50, O))
Caslie 05 5 (YO8) 0pradSsl b /s
Jsb 53 dredly Sl 0013 03 2 (S5 s 5
.(\J.{w'z) ol (33l o Ol 1y LL SL s
53 dsze 350 o 51 ke el & Cslie 05
oo 01 ol oS sl Ese 55 Dlallles
ALl D3 55 LB L a3k e 8 0L
sl Sl s e 5 (Y8) anils 55,8 Slalas
el Ll Sl ke 4 &l bl
(YO 558 o ealitl deandy Lol ok o il 5
S5 sl slals e gl issse 05 sl Jiy
Lo Somas Sope a8 (el sbasdlpzl b
© okl g3l a5 IS PCR (655L8 Ly
s deedl s K lS el 4wyl SeS
Sy w SRy e S el L ciledd
s L sl Dl GP L ek
@ Ll o 35l Ol 4w LOLs Sy g
Olsee O 53 eaal Slagealy (ST 3505 (ul JLis

(YY) 355 0 55,5

\R4

sl Gl Sl s Je ol st (55,0
Wl Jsans slaopesls 51 H o ey a0 Jlysen
okt 3 Sy SblB Lo STy ol Ll 3 52
5 WYl (oShoor pr s Wb Jelse S
SN ln ool el ol Jlazl 4 5 ails |, HIV
O ol Jho ol @l Lo WOT 055 oo
Lol LoDy CJJJ &S sls Olis canse Sldles
S e JB Ok 4 e Ll o i pe SLe 4
L Oboyen (V) 5558 Ay oS 505 slaiyis
Loy eddie, sdame glaoj sl cais ol
5 (084) ook BT Wy Gl sk 4 dadendly
Srr b e 5, Ses LT ol 5
el ge U 4 e sl ol &S (WY)W
09) we Sl 05 5 Lohes OsewbianSly
DL s s Shs gl b lolss slagmSTs
Gl 5 Sl L 3 S, SO odins
o opslie Gsie bl gl a3 e
o ) 31t b (S5 ST gla0be s
5 LSS ol 5l eslial 288 Olp 5 0L
035,00 (YT ol g lew belge 228 zals
Sty sk 4 STy Sl was ol
Oloys «(4Y) S 5 s 2l S slacs yis
3 g oo oslinal L;jjﬂj el sl ey Wb o
Sl Sis Lhas oSty Loles 1y .0Mer)
Al e 5 (80) o390 05 1 olant] wl W
28 sl sk 53 1 5501 Ols Sl oamilos o
el L paaS Ll s 4l (YY)
S b (1) Lol Syl 4 pslie 5 (YYOVE)
s Moy e 53 018 e |y ba ST
Lo Loy cpl o dloay ((EY) 5500 020


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"S5 O geelianSTy S8 w4 Jlas el S OIS 5 (550"

Adjuvant Unit

Transcription Unit

y./

Sl wgpg 55T 5 Jeine a5 ol odgd cmngig, 4l Jols JBG ol oSy 1oylis0 (ylare a0 (gowenadly JBG 51 oles =Y S
Szl Seaglie (3 5 6L (luatilon 4>l ) casyle o (5)500 lagisn K el GbL /i, JIF 5 OBl 6299
Seeedly Jlisles ;5 CPG lachsigs 5| Slie Wigi oo bo)525'y (l Sleogas Sl (gl o000 (Sad QLl 5 0l ojlrl (6 25k 4y oS

Qsppl g 3 Sl Mg s Jake oo
Lol Cosl 53 (a5 U al e 45 553
bacadse cpl a5y )l J& s s slacd see
2 03 oy ) 835 B L STy 5l aes ol s
GoiSsbml oy a5 eag Sae oS3l 5l ars
L0053 & gl (FA) ol 515 ! slaily
CTL 5 Th ¢ 5l ¥k 5 dlysen sl lagaly
(SN Gl Jolse e p il e w1
s ol (OVe £0) S o Wl s s 5 2L SY
BT i e esns 2l 3 OsmlenSTs
(8 sy oShiame ez n (W) (6l (OYAY)
Sl il (EA) es sssd 5 OF) Lol
VA o ade o Ul il Jise 5 o35
axS (00 NN 5l L56 LyYL 5 () 5sdleid
Jls sk (st Jolo @ (Sos Gl sl
Loy ek sbul g Solg 5 Oljee ol

hLJ}.LO “ db)ﬂ Lﬁ”"i‘ JS B .b)‘b LA&:«.:.MI‘)S}S

AR%

AVF) wisb

agmsSly LOLss (oWl sagl Slagaly

lacow S Jols la ale 5 Ol obs e
i) Glapll 53 CAel & el Slizie
3 Sl L 5 e adS 5 dleb (e b
2o dezie & (a5 easy (Cansy AS Wiles)
Jold sl e Leala S 5 5 S slad
Jelse o8 il 515 5 LSt gl il 5
Lo LS o Bl Gasla ot a1y b
Jlas 15 glos oo (S 3555 5l e aids
G ool p3¥ Ol azin an B 5o &S Jb= 55 50 s
L st Jolse 5 350 Jlab ol 6lis SIS
o OB e o s SLLOL s (Y) 5,0 o
ol Sl Ollse e 4 Cand da g s
ol S5l 3 CPG (slaus s0S siss hyls 5 ails
Toll- (TLRY) 45 <ol opl SSLES a3 ,155 5 (0)
sl 1y s g ul ol 50 like receptor 9

Soledld 4 e 013 4 fae TLRO (Y1) as


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan juhg\"OJLuic\~ OJJJMJE\M.AA"

crar

WY Jod s (V) 558 50 L (eS|~
OLLS O gpmlinnsSls sla o) glsl 5 ol Slagaly

ol 0l 03l

(V) HgamlinSTly slo g,

Soledled &S Jb js cdas e Ol RSy s S
Shislen Jolye Gl a4 e ol S Jska
san 5 LI ST g 5T asle Jobe 045
lie =) Jour

GIlg 5 Sl /ol wiS ol Lamad o) oSly Lok el gly
+++ +++ +++ Jlsen
Thy —/+ Thy —/+ Thy +++ CD4* DY gk
- +++ ++ cDg’
II .58 MHC I, .5 MHC I .58 MHC 0551 oS 4 e J e
" " e+ Jysen o bl Jslo
—/+ +++ ++ BypIw
++ + +H++ Ay
+ + +++ £y pm
+++ + +++ JGsl 5 (g,
++++ ++ +++ s

e sara ST sl atas ) (0VeY) sl JLs
o 4 e g e S 5 RIS LS s
Slam sbadde 5 08X 53 el slagaly o
Godes Lab Jl= pl L) Wsd o A LT
095 Cyse 4 aS Sl Gloj o sl sla Sy !
syl Sl 4 | Xpdge il 5 g Dlas
DST‘;L,‘, Vom0 Blas oLl 53 g8 el el
DL Y S 53 45 5 5b0tes (OT) ol 23Y L0153
Olgee ol Sl 51 o3lizal ol ool
b s g A5l Il (glad shos s 4 deandly
0551 oeSal)l sadshe b 5 (om il S
53 0kl (5,108 505 SAOS w355 0 3,05 APCs
5edalss s Dpo & cedd ey sy deadly
o MHC W3d o fds glas, glaazy «

0551 4 spdpe adS lapSsn 5l slas seme

YA

= Cose 4 LOhes Ay By 3L e
3 5 A e 1Ol ks
e b Olge 4 o Bl 5l S0 O seame
¢ o (Y0) s o &0l 53 L ek eslanal
Wl a b 5 Lsd o g Sole s bausly 3l
ol oS Lz Ve 5 dlysen 68 ol slagel
e WS 5 Sae glaSTs Olse w |y Lol Ll
Ol o SeSG i 3l sl L (YY) Sl 038
315 a5 b5l 1y b STy ) azas opl LTI
(Gene o5 ilvae LSS LU«
5 eslasl 3 RNA Ll ~1 b optimization)
S eslial Je (gl il sl slacsl sl
Wy SRl e e 05 Goleang polaxs! 5,
GRIA Al s e a0 8
Ll @b sl Wl 5 (A0 T e glagal,


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘;{:‘.'3_3 QML:...S“} L_i.qs a JLa.B u"“‘l‘ du.n ‘Q‘JKQA 9 GJDU"

51 cmicrospherests jiws oo 53 01 05 S suaee
Lo bl gbcilmsl b bt 58 3k
ol Gl R 4 e e 53 (S5 sladd]
Ols 4 e LOkgs Osmnliansly ((VE) ool s
53 ol o 355 Gl S sk Jas 5 05 AT
Rl el 5 s s STy S b alis
sl skie 4 e 5 G0 el 5 sl Sl 5 )
Ao Sl o Jises pal glbagal
Sors 5 MK abSL sy GBS
Shazws pl UL a8 ol esls Olis wlidss .ol
Mg oske 4 s dhses sl A5 s sty
lE Sty 5l e g e Jb glapSs
Loy auw\@guﬂéﬂg O8) 12l 55 J ke b
S e eyl (See 0L oSl
Oy e ol )08 a5 03 AT £ 8 a5 L e
05551 @l o35 5 Jomn STy 553 5 5lia 03 3
OO Y S AR [ JULRPC g R CRCI:
St Gy boawlas o doles Gy
e Oy Wl plss 5 0351 S SV sb Sl S 55
gl oS ol osls 0L b3l el 3
B cols sy iin oan ade  oL S
Sl Rl O 5 s VE I i U andl s
o lSles ade ol mul S0 Ll
Loy 55 Sl L WS ey e BT s
oS e 5 slad b sy onl 03 ol as S
et sl ool T e Vb A5 sk o
S50 IS Sl e 503,85 & rlee dlmb 5 O g5
anslis 31 plasds ¥ Jod= s (YY) s Aoz S
b scisie buy o3k ST slagal s

Lolgs 5 oS 59 S pSs n b ol sl c oms s

14

woo T sladse w1y Joho 0550 oo S
33 A il ek e Sl 0TS
Gy Ol s 55 5 S OIS MHC (glad 55350
o8 APCs S Jlé 5 S o5 Ol 4 STy
Lolgs oSty sl W s (glodiS s
s a0 B ladsn 5013 by
L ohyon 5505 pl S e Ll Ko ,o9S MHC
Sl LS o Sorlee sl sae 4 0550
Sawsn b 58 Sladkiy-MHC as sams
Jd 5 S T slad sl slad 5050 SIS
Sln b sl sl GhdbSm b 2iSon 5 ol LS s
P R
oo dlses Gl 03 S WL 5T slad s
() 55l Jlos a gLl

dhges oal

sl 55 ghete Ll LOLGs sladasdly o) 5l
o Sl g ade p dlses el slamal
Cee Gl sadde ilesT 5 sdame
Ol oo sbad sl 0 grnlinaSTy 51 e (04) 55
APCS Ly &S S W |y oo ol Lls e
03T Gladian cnl aalsl s 53 e 5yt 50
A2 MHC I (slad 550 555 52 0t 5 s sl
W5 felewd Lo g Lol 216 s il =
dede gy S LSy Lol S 5y L
slizey sLos A de o esbsl W sl
ke S e Sl Lol 1y () Lo
Slagaly oSl 0350 S 3l e 05 5
ade iy pen ral sl O amt 45 (035 sy ns
Sl 03,28 S5 8T £ 55 L s s O el
Gk Sl (bl mske 4t 505 (V)


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journalofbiosafety.ir on 2026-06-19 ]

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan j#QcVOJMc\~ OJJJMJw\M.AA"

S 5 St sp b OseelnSly 51 2eS 1Ol s
St 1S lagssl il 5l s ool i 2 o
el s ole il b sl s ol v
LS W, 5 48 Sbagaly adly Loles b

(8Y)

h.wj: ok W M‘ L;LAGAL:_ ol o 4.:‘)\

&lﬁl}é&ﬁ: 3580 95 L awslie 5o Lol g
Cobae b das e Vel anal el cpl S o iy

)Ddsw\w&zdjb).}o“dtfd}&‘b

S ‘Q‘i\ » a))&.@ A e (,':) Q}SU) 4.:3)‘ J"‘J‘
OgeilinSls by ol Wl olatl (gl

Vaccine forrrulation
and aduvants

I,
s,

Dircct and croz: prozentation
of antigers in the draning

s 5 005 3,lg o0 JWAU! dendly JliSle o Al 5500 aml 10 a5 aeo o plis ) Sl 5 Jle Soleds pgad ol - JSCB

s 45 e e ol Lo oacilSo 51 (6555 0t s oDyl Jshos 30 sl o0 By sy 2 0335 5l 5lid 51 oolial Ly oy5l5" oy
D dy o0 el Johes madly i )0 e Ogi g A8 )5 D j00 () 5l (cmsig) 0959 JLS 45 5 998 g0 3)lg (V) APCS L 5 (1) boewgee

(o592 BB g3 5l o (1) Wgdse gt (e sl lagiely Sy lr )5Sl a5 ST Gl & lagetsn
Sl g5t 508 4y LS il 5 00l oS85 |y MHC- 55051 Shoa o(F) 35,5 1,3 MHC I (sl J3S05a (55, 5 oty ool
a ) Joko gloguls 5T 5 sigi o ao,e T cell receptor TCR 55,k 5l oo T sloJshos 4 degarme ol a5 ol oy () 035 o
2130 S sl g5 5 00 JUsb CDA (slaJolo ias] Gl 4256 5l JUim 12T 5 MHC -y oS s ly 55 ) o oy
S Jbo 5 il 31N 0550 Jlab 555 50k ST a5 lysad (sratl s <ok (groal s3boled 51 oy iy () 55 oo

(FY) 098 o0 ol Sgte (g15s Lo Julse ade p (gaied ;a8 glao 1)l g0 (ygmmblimnSTy


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘;{:‘.'3_3 QML:...S“} L_i.qs a JLa.B u"“‘l‘ du.n ‘Q‘JKQA 9 GJDU"

FVLplss 9 S 5 sloontign b ol el (owgny (srmb slacigic lwg ol T slagl Uil amlio -Y Jgux

b Oy CS P g Lok oSty
(¢ 5550 =2 5 50) 055 S ¢S5 ot W1 05 5 s
s o win Kl zaS JEFTRNR e O3l ahyl a0
2 Sl e Sl aeal 503 Josad el oo e
&Y 99 SRl sk 4 Sl sl

st 4 ASC & 2les 519G Ol5e

Obs 5 LOls 3505 b L8 o Sae glad shu
b ke 5 dlses Gl foly g5 55 8 0550
Loy g 6 boj sl ol bl (7 IS2) tas i)
ladshe bau g oSl ues cil s dlae Jshe
Shgd e Ol 58 Gau sy Joee o3 ol Sinols
e o Sz Slad sl 355 0 55028 55
Sk LOlss SlapmSls 4 sl Glagaly 550 55 1)
Y= S ol 6556 oS, s glad g S s
G lamaly Dol g s 4 e &S S A S
TiS oSSl axole 5 ssde Th S
SIS osb 4 () sl g3 1 The maly W1
Sl Oles sk 5 badsha Sl anas ) sbamaly
s Sl o3 e Sla s Sl e s 02
5 sns Sbaisie e (Weor) aS o
W1 o sl Jskwasss ol dolgs ol el
MHC | sladsSse 55, » Xl o & LS o
/TCDg" slaum 5a & S -pl &0 (V) L5 4 o
S 51y e o3l Ul U s o Jlé TCR
LOlss slagmsls lacy 3o on 555 51 (S5 .(00)
LT glacamsid Wl a6 Lol & el oyl
Sl Oa s (CTL) Joho a5 Shas
Slagealy U1 sl a3l 1 i3 (sla STy o

Y

P
Slagealy ¢l sl (sl 55510053 O gl
5 (W) b ml Glagal 5 Th slamaly il
L5 S O MHC s 53 45 ol CTL 5l
L CRT Wil sl S e lad Sy KaS
Los sl ol gedias il 8 ) S5, I8
Slagely sl Ll & 5 (F8) 3,5 o &) 50
il i ol OA) ol Coeal 5= J ko
o SITh lagealy 5 ams il 032 VL 4 5308
Seesoms M55 sl Ol il
S5 oy ol Godes S sl a8 gl
ozl (V) el Thy s Thy J sl slagal, ¢l 5l
Ols 5 1Ok 35,55 Shy alawl o bad s 5l azes
B3 E1 e iSes e d psi 5 (00)) 0355l
Sore GuF ligee (50 3,5 o 3 G0 Co
53 els JUs 4y The mul W (D L IM)
Glagaly oy Sl S5 Sk b Gy S -
S0 ol b e sl plaS (W X)) cl Thy
Gl S Cl Loty 5 Ik s slid 4 Jeaze
Sl (08) Sl (5550 Thy lagmal oledled
S5l G B g e diS ey (Shaendl Ll s &S
Lspdp Gop Ol ahae JFI 4 ledios


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan j#QcVOJMc\~ OJJJMJw\M.AA"

G yis L ablis (gl 0T 3l eslizal ¢ Jshu o]
i Jolo 0550 st e 5l &S s s
Sl 5l 5 Ol Gl d sVl T e
il glagslen (an 53 dhax IL(EETA)
CMV HPV, HBV HCV, HIV aile s s
e A rons T de sl
Solen 5 S 2 Ble 2l SL e le
S50 L5 e 5 5 seladd oy st ciile IS
G323 oS ol s LS S eslin
O e 5 Gsie sl sl 2 bzl glaol s
il alanl s Lol Sl s cnl (FECYA) 55
oSty 3 B7-2 5BT-1 s S e slad sS40
AT sns oSsnsSs e n L0l
LoVl pSTs Lolss 53 GM-CSF L 5 (Y+Y4)

(10) 48 o oy il 58l

Gene for
antigenic —,
protein

Plasmid
vaccine

Cytokines prime
cytotoxicT cells
foraction

Cytotoxic
Teell

R H1
‘-{ cytokines
)~ Costimulatory
molecule

Local antigen-presenting cell HelperT cell
PRIMING OF CELLULAR IMMUNE RESPONSE

Some T cells
become
memory cells

Tean "

Activated (|
cytotoxic \
Tcells

? -Anti: 7 to activate B cells
\' ni lﬁé.
Cytokine - O O

Activated
Bcell

inoculated AN

O sk 5 B sl Glag 5 gl ade 2 CTL
WS e iy il e ek i pte A
S 5 03T bl 3 e Ll gt cpl &S
SeeS 5l T glad s ((Y0) ol ol 5 W0l
b e gl VoA S s sladsy
ol S e slalis | S MHC (slad 5530 5
Llodd Grie Jos 5t 000 Sy » 5l bl
oIS MHC lad 5050 Cons 4 5 0 4y 525 oS
(ot 5 30 0 03 5515l g o 03l 3 S
b oxi a8l Endoplasmic reticulum (ER) «
D313 3 s L(0)) tans Sl 531, CTL slajealy
et 423355 5 J e S5 o 2 53 03 AT
sla Jlg 0385 Glal b Llg o oSS WIS MHC
4 5 S g JIs b S o SIS
355 CTL lagaly Jldl & e Jse )50

S 5 sty ol Gy 4 - L .(TY)

Plasmids yield

antigenic protein

peptides

#° Cytokines help

k) Antigen binding ~y§
triggersrelease P&
of cytokines

Local antigen-presenting cell

PRIMING OF HUMORAL IMMUNE
RESPONSE

sy Antigen binding
) triggers release of
antibodies

Some B cells
become
memory cells

Memory
Bcell
Antibodies A 3

holess STy 5l 65 ot b Jhgen 5 (Joho (ol i S 28 al3 =Y S


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘;{:‘.'3_3 QML:...S“} L_i.qs a JLa.B u"“‘l‘ du.n ‘Q‘JKQA 9 GJDU"

CiS5L Sl oS et a3 e 2SS
3975w sl slacisie b lnslen lae b 5 Zosie
5 oanie 05 LpmSly ol 53 esdle 4 3
GBS 2bSU L msns 0T aher
ol ¥ ddar 53 (8Y) 2ol 25mms (S 5 oo

el o oM L peSTy ol slac 3o 5|

Lo puSTy LOLss 3l ealinal gagl (slaase
@Bl M5 e e gty 4 S
Sl s Cias ol e ws s CJ.L aal o
S8 s S n b edd IS g
A5l o STy L0l bl Jbm 3 ol 035
S sl sl S b L1y 5V S 5 Shes

03 53 00 ;o8 dandly STy Sl anas ol 5 s

(FF) ooy Lolss sloca o =¥ Jous

.chgwdjy@jwwtsudjjujPCRLguf)))\abu.?“‘l{):;“— f‘)”
0548 5 RNA sl ol s o b 51 deesdl (g5lusinge —

o Oy 5 5 - 45 ol

bl b elde )3 5 3dame S s 4 M 5 -

b_k..vj L;LAJMS\)JWJJ‘SL)E}};JUJL;QDAM&M r.L&— L’:‘A.!.‘

S0 e 0330 5 Waeny 515 o 4xidS (gla STy b anlis 53 —

il 4 3 g0 058U O salianSTs 015 5 030 il Loslee 05 el ilesl Glad el 3 -

Sl ol s Bl 5o 1 ol n e Jsems Gla STy L aglis 5o - Solek

5,8 o S sl a (oo b 5 Jlal -

sl VU ee 4 gl -

S Ll 12

W 3 05 4 (S35 SIS e -

Oy g oddins Jolse Jau s &S anil ol 05 51 Lolamtl sl 5 JI)ses Glagal sl -

O gl 58 )

28

S saysSs (V) das e To SIS
4 638 ol b s STy pl 5o eslizad
Sl ol Ks SIS as il 1 e
LSJ'LA:J[:.& é—ijb 3 LAQ,.,SU O‘i‘ Sl U'i*"
G4 e s ekl sboi L O3S
LOLgs doudls ogdle a4 il Sy o5 S
Quw LgLZ.H 4o o J‘.:UJ&A oL rl&:‘ U.WS\_}

Yy

3ol 53 1018 dealy il b a5 e 2l o
it el el aalllae 5 s Sy (slad
4o eyl Sl (s S s
WL (8 Ol pos5e5S b plosl « o155
Cwglie 5 (FYN0) Lol gs Ao pwsls s LSLACE“’L;
2 el Gl Sty 5 S ST
Olsee palsesS plesl amiler (Y001) 350 Ol


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"yyan g hg\"bJMc\~ OJ‘QJMJ&\M.AA"

crar

J;L;«J )‘jé esleul })}ﬁ L5JLM‘J\ LSLACA.J}QQ

(ih\‘\ﬂ"‘\) Gl 0l 031 @J};

3550 53 Gy alts (8F) 353 55505 S TS0
b el SSse sl caglie Lolss glauSls

J>

oML

sHh Pl

ol oo s S sl ws 2 auls 5 1ae Olesla
Js3 5,50 sla gy 5leslinal 4 5L s STy 5l anes

35l Gladl glad ges 5 DUl s

s gl i a s onl 3 edd plnil Slalas —
Aas s il jley 531 1O

Lo S 5 ealinal b il 55 (3 s 51 Ol
s bl s e

Lo by sy 5> Sl Caslie -
2,8 o b St

S Lz ol Y game ol o3lizud GlaS 0 2T~
eslinl SLl glacisie Olays o pslde )50 o

B J\.o..r_‘ 6[.&@.1‘?)‘ (R Lg\.asux...N)»Js )\ oslawl

s e SRl el slagmal 63555 Slagtenw

LoDl 3 e ols 53 Lol b Lolss ST
S Oaemlisn 4 e sl (ol 5 250 0 plodl
sbeos 04l dld o by ildled o505 8
Pydi oS SSS

Slag Lok ade p sagls s SV ann g -

el glacilz sl ade gl ol 5l anw s =

b bt gladshe bl Jold M a5 -
05 b s S Conl S5 5T Canslis I ealizul

255 B Sdandy
Sk S Ohle & Sl Calie s -
Las SL (hos oo JWEE1 Gk Sl STy 2Ly

28 oo

o=l C)la,.» ol sbml LOL gy sladandl &:le
Syl dls w1, B ST sbedsle sl

P33 S plesl

el

S st T sl

Ol gl )8

b Sldllas 3 Ysexe Prime-boost sls s,

bj.&a& oslatul

Glp el 5 L oSty Olye 4 (X
s Lla S 5 adlas 3y Sllp> 5 Ol
I 3 Lol (6,8 Sl 3l sl ol Sl i
W03 (23l Sl STy ol 53 el (sl
L el ced b ol a5 odd O 51y ol
Sl bappSly ol s dy e el 1Ol s LS
5 sk 43555 3 g 4 teen O3 8sml b 0551

ool Sl A5 4 ke Ol O 4 OT L)

Y¥

Con s mls
dOles sl peSly daz 310 genlinST 6LAV.L....:.~
oy e plgl 4 el 4 B als Ol
it o Sl STy e oS oSy ol e
5 s Ll S S8 sl eSSl de s
b 4 Ola bl 55 ANAQY Jla js L s (6l
53 (0F) A oslinad s 50585 Sl o s S5 0


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘;{:‘.'3_3 QML:...S“} L_i.qs a JLa.B u"“‘l‘ du.n ‘Q‘JKQA 9 GJDU"

Ol Kb 355 S pm il 4 Conglio dile Jlise
ssiomn oy S s e 13 3 o |y e 03
L s Lackogdly Sl eslizd 5 anw s Sl ot ol 05 S
o Cwslas 05 BB aS ol Lol slad S5
RS 3 3 e S Sy oo b s S S
sl b s lay oS sl anes ol s Wag sSL
Jde b 53 ialasl 538 gl 4 5 el b
s bl s ) g andlae JI= 55 Sl
Goioss SLr Sl o5 plosl AT 3 S8 S
s 53 Sl S 3l gy pl e gl syls
S L el S el i
055 S5 2 b e LS s et
Ll 5 o Laslao gy sl azws ol Sy das o ol
rl 035 3pdome a4y by e Gl mal e 3
glaair J a5 (W) Ll Ade 5 Jise &6
05 5 ol eiS Hldel LOLgs sla Sty Jes
G0 51 b ks Lok g3 gla STy ool olalllas
Lol ol 5 G551 slagessn
Sl S er cape U ooy Al a8
23 eisml Lol s slap Sty s S o i nlis
53k dlet 4 s s Il Slilesl Al e
O 4 55 Ol il sl 4 ST gladl

A Ll a S

Yo

s s dhe S1LOTA) AS o ko 5 I sen
A2l Fge OF ole adde Ll o LSy cnl oS
Ol ads Sl cotla gl 50 &S ol Cilon
BUNT-SYRES Clj;\ 0 (BY) cl cLiy Jb
050l @A 1S 5 g Jlasl b Lok g gl ST
S F e oS Ol Lol JIs o4 b s
S5 Sl S s s Gl oS
ins A D3 sbal 5 IS gkl
oo d dske s 5 05 2T yls | (VLP)
plasmo- «5 s, pl Cuse 5 355 0 Ol lo)d
ol &g 31 60 g ol 0l 0l VLP
VLP olyd i G sl 5 el LOL s
S Uls oo de Lol glausty ol
Js s s B0 O T CD8* (slad sk
OSs g deme Oly Olpe 5 2S5 Wbl Ol
wispl s nl Sl Ales S ST (g reS Ik e
L OJgd g 40 VLP o3l la I 5l esliza
O gelonSly e lansss Jlesl 5 o3
olB gy s A5l L slag Bl el s
A ey Sl Lol slacSly G5 el
el OF 3 imal L0630 geslicnSTy 5 aiens
S5 OelinnSly ol LGS S S
plesl pl az Ol ol Olise p 35 L 0T plés) Jloz|

o) Cwd 5o YOS Qi‘ ASCﬁllijsﬁfu. REPPS


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan jubg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

References

1- Alarcon JB, Waine GW, McManus DP. 1999. DNA vaccines: technology and application as anti-parasite
and anti-microbial agents. Advances in Parasitology 42: 343-410.

2- Myhr Al, Dalmo RA. 2007. DNA vaccines: Mechanisms and aspects of relevance for biosafety. Traavik T,
Lim L.C. (eds.), Tapir Academic Publishers.

3- Arichi T, Saito T, Major ME, Belyakov LM, Shirai M, Engelhard VH, Feinstone SM, Berzofsky JA.
2000. Prophylactic DNA vaccine for hepatitis C virus (HCV) infection: HCV-specific cytotoxic T
lymphocyte induction and protection from HCV-recombinant vaccinia infection in an HLA-A2.1 transgenic
mouse model. PNAS. 97: 297-302.

4- Banchereau J, Steinman RM. 1998. Dendritic cells and the control of immunity. Nature 392 (6673): 245—
252..

5- Bird AP. 1986. CpG-rich islands and the function of DNA methylation. Nature 321: 209-213.

6- Chen W. 2008. Investigation of functionalized carbon nanotubes as a delivery system for enhanced gene
expression with implications in developing DNA vaccines for hepatitis C virus. Thesis. The University of
Central Florida College of Graduate, USA.

7- Cheung YK, Cheng SC, Sin FW, Xie Y. 2004. Plasmid encoding papillomavirus Type 16 (HPV16) DNA
constructed with codon optimization improved the immunogenicity against HPV infection. Vaccine 23,
629-638.

8- Cornelia Trimble, Cheng-Tao Lin, Chien-Fu Hung, Sara Pai, Jeremy Juang, Liangmei He, Maura
Gillison, Drew Pardoll, Lee Wu, T-C Wu. 2003. Comparison of the CD8+ T cell responses and antitumor
effects generated by DNA vaccine administered through gene gun, biojector, and syringe. Vaccine
21:4036-4042.

9- Cox GJM, Zamb TJ, Babiuk LA. 1993. Bovine herpesvirus 1: immune response in mice and cattle injected
with plasmid DNA. Journal of Virology 67:5664—7.

10- Devon J, Shedlock, David B. 2000. Weiner DNA vaccination: antigen presentation and the induction of
immunity. Journal of Leukocyte Biology 68: 793-806.

11- Dijkstra JM, Okamoto H, Ototake M, Nakanishi T. 2001. Luciferase expression 2 years after DNA
injection in glass catfish (Kryptopterus bicirrhus), Fish and Shellfish. Immunology 11: 199-202.

12- Donnelly J, Berry K, Ulmer JB. 2003. Technical and regulatory hurdles for DNA vaccines. International
Journal for Parasitology 33:457—467.

13- Donnelly JJ, Martinez D, Jansen KU, Ellis RW, Montgomery DK, Liu MA. 1996. Protection against
papillomavirus with a polynucleotide vaccine. The Journal of Infectious Diseases 713:314-320.

14- Donnelly JJ, Ulmer JB. 1999. DNA vaccines for viral diseases. Brazilian Journal of Medical and Biological
Research 32: 215-222.

15- Donnelly JJ, Ulmer JB, Shiver JW, Liu MA. 1997. DNA vaccines. Annual Review of Immunology 15:
617-648.

16- Doolan DL, Sedehah M, Hedstrom RC, Hobart P, Charoenvit Y, Hoffman SL. 1996. Circumventing
genetic restriction of protection against malaria with multigene DNA immunization: CD81 T cell-,
interferon gamma-, and nitric oxide-dependent immunity. Journal of Experimental Medicine183:1739-
1746.

\R4


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj1ru7pyJLVAhUJOJoKHaViBGEQFgglMAA&url=https%3A%2F%2Facademic.oup.com%2Fjid&usg=AFQjCNHHUpCUtVKjhjbva3xFAaZaJNGDAQ
http://www.scielo.br/scielo.php?script=sci_serial&pid=0100-879X&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=0100-879X&lng=en&nrm=iso
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj5mJaU_ZLVAhUGDJoKHWU2CAkQFggtMAA&url=http%3A%2F%2Fwww.annualreviews.org%2Fjournal%2Fimmunol&usg=AFQjCNHCdf0P9QjqVhV2hMruBjZMje_uLA
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘}s:ﬁj QML:...S“} L_i.cs a JLa.D ‘;-4.;‘ du.n cubKa.h 9 d)JU"

17- Feltquate DM, Heaney S, Webster RG, Robinson HL. 1997. Different T helper cell types and antibody
isotypes generated by saline and gene gun DNA immunization. The Journal of Immunology 158 (5): 2278—
2284.

18- Fioretti D, lurescia S, Fazio V and Rinaldi M. 2010. DNA Vaccines: Developing New Strategies against
Cancer. Journal of Biomedicine and Biotechnology .2010: 16.

19- Faurez F, Dory D, Moigne VL, Gravier R, Jestin A. 2010. Biosafety of DNA vaccines: new generation
of DNA vectors and current knowledge on the fate of plasmids after injection. Vaccine 28: 3888—-3895.

20- Fu TM, Friedman A, Ulmer JB, Liu MA, Donnelly JJ. 1997. Protective cellular immunity: cytotoxic T-
lymphocyte responses against dominant and recessive epitopes of influenza virus nucleoprotein induced by
DNA immunization. Journal of Virology. 71 (4): 2715-21.

21- Garmory HS, Leckenby MW, Griffin KF, Elvin SJ, Taylor RR, Hartley MG, Hanak JA, Williamson
ED, Cranenburgh RM. 2005. Antibiotic-free plasmid stabilization by operator-repressor titration for
vaccine delivery by using live Salmonella enterica, Serovar typhimurium. Infection and Immunity 73,
2005-2011.

22- Garmory HS, Perkins SD, Phillpotts RJ, Titball RW. 2005. DNA vaccines for biodefence. Advanced
Drug Delivery Reviews 57:1343-1361.

23- Guermonprez P, Valladeau J, Zitvogel L, Thery C, Amigorena S. 2002. Antigen presentation and T cell
stimulation by dendritic cells. Annual Review of Immunology 20: 621-667.

24- Gurunathan S, Klinman DM, Seder RA. 2000. DNA vaccines: immunology, application, and
optimization. Annual Review of Immunology18: 927-974.

25- Hashida M, Mahoto RI, Kawabata K, Miyao T, Nishikawa M, Takakura Y. 1996. Pharmacokinetics
and targeted delivery of proteins and genes. Journal of Controlled Release 41: 91-97.

26- Hemmi H, Takeuschi O, Kawai T, Kaisho T, Sato S, Sanjo H, Matsumoto M, Hoshino K, Wagner H,
Akira S. 2000. A Toll-like receptor recognizes bacterial DNA. Nature 408: 740-745.

27- Huygen K, Content J, Denis O, Montgomery DL, Yawman AM, Deck RR, DeWitt CM, Orme IM,
Baldwin S, D’Souza C, Drowart A, Lozes E, Vandenbussche P, Van Vooren JP, Liu MA, Ulmer JB.
1996. Immunogenicity and protective efficacy of a tuberculosis DNA vaccine. Nature Medicine 2:893-898.

28- Ivory C, Chadee K. 2004. DNA vaccines: designing strategies against parasitic infections. Genetic Vaccines
and Therapy. 2:17.

29- lwasaki A, Stiernholm BJ, Chan AK, Berinstein NL, Barber BH. 1997. Enhanced CTL responses
mediated by plasmid DNA immunogens encoding costimulatory molecules and cytokines. The Journal of
Immunology 158 (10): 4591-4601.

30- Jakob T, Walker PS, Krieg AM, Udey MC, Vogel JC. 1998. Activation of cutaneous dendritic cells by
CpG-containing oligodeoxynucleotides: a role for dendritic cells in the augmentation of Th1 responses by
immunostimulatory DNA 1. Journal of Immunology 161 (6): 3042-3049.

31- Justewicz DM, Webster RG. 1996. Long-term maintenance of B cell immunity to influenza virus
hemagglutinin in mice following DNA -based immunization. Virology 224 (1): 10-17.

32- Katsumi T, Nobuhiko E, Abe A, Haseegawa Y, Ito M, Sato H. 2008. Humoral and cellular immunity to
an encoded protein induced by direct DNA injection. Human Gene Therapy 5: 1335-1339.

33- Kibenge FSB, Kibenge MJT, McKenna PK, Stothard P, Marshall R, Cusack RR, McGeachy S. 2001.
Antigenic variation among isolates of infectious salmon anaemia virus correlates with genetic variation of
the viral haemagglutinin gene. Journal of General Virology 82: 2869-2879.

34- Kols A, Sherris J. “HPV Vaccines: Promise and Challenges” PATH, July 2000, available at
www.path.org, downloaded March 30, 2004.

Yv


http://www.jimmunol.org/cgi/content/abstract/158/5/2278
http://www.jimmunol.org/cgi/content/abstract/158/5/2278
http://jvi.asm.org/cgi/pmidlookup?view=long&pmid=9060624
http://jvi.asm.org/cgi/pmidlookup?view=long&pmid=9060624
http://jvi.asm.org/cgi/pmidlookup?view=long&pmid=9060624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garmory%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leckenby%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffin%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elvin%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hartley%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hanak%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cranenburgh%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15784541
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi8qYO4g5PVAhUqG5oKHSNGD-cQFgglMAA&url=http%3A%2F%2Fiai.asm.org%2F&usg=AFQjCNFZk2pONDWsgui5oybYloXRfM2QLA
http://www.jimmunol.org/cgi/content/abstract/158/10/4591
http://www.jimmunol.org/cgi/content/abstract/158/10/4591
http://www.jimmunol.org/cgi/content/abstract/161/6/3042
http://www.jimmunol.org/cgi/content/abstract/161/6/3042
http://www.jimmunol.org/cgi/content/abstract/161/6/3042
http://linkinghub.elsevier.com/retrieve/pii/S0042682296905012
http://linkinghub.elsevier.com/retrieve/pii/S0042682296905012
http://www.path.org/
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan jubg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

35- Kurth R. 1995. Risk potential of the chromosomal insertion of foreign DNA. Annals of the New York
Academy of Sciences. 772: 140-151.

36- Kwang J. 2000. Fishing for vaccines. Nature Biotechnology 18:1145-46.

37- Ledwith BJ, Manam S, Troilo PJ, Barnum AB, Pauley CJ, Griffiths TG 2nd, Harper LB, Schock HB,
Zhang H, Faris JE, Way PA, Beare CM, Bagdon WJ, Nichols WW. 2000. Plasmid DNA vaccines:
assay for integration into host genomic DNA. Developments in biologicals (Basel) 104: 33-43.

38- Lorenzen N, Lorenzen E, Einer-Jensen K, LaPatra SE. 2002. DNA vaccines as a tool for analysing the
protective immune response against rhabdoviruses in rainbow trout. Fish and Shellfish Immunology 12:
439-453.

39- Mairhofer J, Pfaffenzeller I, Merz D, Grabherr R. 2007. A novel antibiotic free plasmid selection system:
advances in safe and efficient DNA therapy. Biotechnology Journal 3: 83-89.

40- Naderi M, Gholipour N, Zolfaghari MR, Moradi Binaba, M, Yegane Moghadam, A, Motalleb. GR.
2014. Hepatitis C virus and vaccine development. International Journal of Molecular and Cellular
Medicine. 3(4): 1-9.

41- Mancini-Bourgine M, Fontaine H, Bréchot C, Pol S, Michel ML. 2006. Immunogenicity of a hepatitis B
DNA vaccine administered to chronic HBV carriers. Vaccine 24(21):4482-9.

42- Manickan E, Rouse RJD, Yu Z, Wire WS, Rouse BT. 1995. Genetic immunization against herpes simplex
virus. Journal of Immunology 155:259-265.

43- Kutzler MA, Weiner DB. 2008. DNA vaccines: ready for prime time? Nature Reviews Genetics 9(10):776-
88.

44- Moradpour D, Cerny A, Heim MH, Blum HE. 2001. Hepatitis C: an update. Swiss Medical Weekly 131
:291-298.

45- Naderi M, Saeedi A, Moradi A, Kleshadi M, Zolfaghari M. R, Gorji A, Ghaemi A. 2013. Interleukin-
12 as a genetic adjuvant enhances hepatitis C virus NS3 DNA vaccine immunogenicity. Virologica Sinica.
28(3):167-73.

46- Nichols WW, Ledwith BJ, Manam SV, Troilo PJ. 1995. Potential DNA vaccine integration into host cell
genome. Annals of the New York Academy of Sciences 772, 30—-39.

47- Perrine M, Inchauspe GV. Hepatitis C vaccines. 2006. Drug discovery today: therapeutic strategies.
3(2):203-2009.

48- Phillpotts RJ, Venugopal K, Brooks T. 1996. Immunisation with DNA polynucleotides protects mice
against lethal challenge with St. Louis encephalitis virus. Archives of Virology 141:743-749.

49- Ramakrishna L, Anand KK, Mohankumar KM, Ranga U. 2004. Codon optimization of the tat antigen
of human immunodeficiency virus type 1 generates strong immune responses in mice following genetic
immunization. Journal of Virology 78: 9174-9189.

50- References S, Boyle C, Morin M, Webster R, Robinson H. 1996. Role of different lymphoid tissues in
the initiation and maintenance of DNA -raised antibody responses to the influenza virus H1 glycoprotein.
Journal of Virology 70 (12): 9074-8.

51- Restifo NP, Bacik I, Irvine KR, Yewdell JW, McCabe BJ, Anderson RW, Eisenlohr LC, Rosenberg
SA, Bennink JR. 1995. Antigen processing in vivo and the elicitation of primary CTL responses. Journal
of Immunology 154 (9): 4414-22.

52- Robinson HL, Hunt LA, Webster RG. 1993. Protection against alethal influenza virus challenge by
immunization with a haemagglutininexpressing plasmid DNA. Vaccine 11:957-960.

YA


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ledwith%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Troilo%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barnum%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauley%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffiths%20TG%202nd%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harper%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schock%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faris%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Way%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beare%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagdon%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nichols%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=11713822
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjQkpOYq5PVAhWBHpoKHQPgCV4QFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%28ISSN%291860-7314&usg=AFQjCNH-XloQS-fW8DmXVhdqRVu5eoHuwQ
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mancini-Bourgine%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16310901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fontaine%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16310901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Br%C3%A9chot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16310901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pol%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16310901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16310901
http://www.sciencedirect.com.mutex.gmu.edu/science/article/pii/S0264410X0500808X
http://www.sciencedirect.com.mutex.gmu.edu/science/article/pii/S0264410X0500808X
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kutzler%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=18781156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weiner%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=18781156
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi29_HarZPVAhWFYJoKHd45AxMQFggoMAA&url=http%3A%2F%2Fwww.nature.com%2Fnrg%2F&usg=AFQjCNGgzLxiuJD6L0GIxpqso6eE1IlLeg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjvhcT-rZPVAhWkB5oKHXyTCwoQFggoMAA&url=https%3A%2F%2Fsmw.ch%2Fop-eds%2Flist%2F&usg=AFQjCNHQ5B2dexq-p14Zct86VQU22NwDYQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiTuaTyr5PVAhWDBZoKHfwXBUYQFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291749-6632&usg=AFQjCNEDQtHYsfXvoWpfiyaHfPGbKro5Xw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiq74uxsJPVAhXDDZoKHWTeCIUQFgg4MAM&url=https%3A%2F%2Flink.springer.com%2Fjournal%2F705&usg=AFQjCNGI-bPn7I2JbqpGb7dpcoYNogjKaw
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191015
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennink%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=7722298
http://www.jimmunol.org/cgi/content/abstract/154/9/4414
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

" ‘}s:ﬁj QML:...S“} L_i.cs a JLa.D ‘;-4.;‘ du.n cubKa.h 9 d)JU"

53- Rosenberg SA, Zhai Y,Yang JC. 1998. Immunization patients with metastatic melanoma using
recombinant adenovirus encoding MART-1 or gp 100 melanoma antigens. Journal of the National Cancer
Institut. 90(24): 1894-1900.

54- Sallberg M, Townsend K, Chen M. 1997. Others. "Characterization of humoral and CD4* cellular
responses after genetic immunization with retroviral vectors expressing different forms of the hepatitis B
virus core and e antigens. Journal of Virology 71 (7): 5295-303.

55- Sedegah M, Hedstrom R, Hobart P, Hoffman SL. 1994. Protection against malaria by immunization with
circumsporozoite protein plasmid DNA. Proceedings of the National Academy of Sciences of the USA
91:9866-9870.

56- Sheets RL, Stein J, Manetz TS, Duffy C, Nason M, Andrews C, Kong WP, Nabel GJ, Gomez PL.2006.
Biodistribution of DNA plasmid vaccines against HIV-1, Ebola, Severe Acute Respiratory Syndrome, or
West Nile virus is similar, without integration, despite differing plasmid backbones or gene inserts.
Toxicological Sciences 91, 610-619.

57- Smith JM, Amara RR, Campbell D, Xu Y, Patel M, Sharma S, Butera ST, Ellenberger DL, Yi H,
Chennareddi L, Herndon JG, Wyatt LS, Montefiori D, Moss B, McClure HM, Robinson HL. 2004.
DNA/MVA vaccine for HIV type 1: effects of codon-optimization and the expression of aggregates or
virus-like particles on the immunogenicity of the DNA prime. AIDS Research and Human Retroviruses 20:
1335-1347.

58- Andre S, Seed B, Eberle J, Schraut W, Bultmann A, Haas J. 1998. Increased immune response elicited
by DNA vaccination with a synthetic gp120 sequence with optimized codon usage. Journal of Virology.
72(2): 1497-1503.

59- Tang D, DeVit M, Johnson SA. 1992. Genetic immunization is a simple method for eliciting an immune
response. Nature 356:152—-154.

60- Tascon RE, Colston MJ, Ragno S, Stavropoulos E, Gregory D, Lowrie DB. 1996. Vaccination against
tuberculosis by DNA injection. Nature Medicine 2:888-892.

61- Tobery TW, Siliciano RF. 1997. Targeting of HIV-1 antigens for rapid intracellular degradation enhances
cytotoxic T lymphocyte (CTL) recognition and the induction of de Novo CTL responses in vivo after
immunization. Journal of Experimental Medicine 185 (5): 909-920.

62- Ulmer JB, Donnelly JJ, Parker SE, Rhodes GH, Felgner PL, Dwarki VJ, Gromkowski SH, Deck RR,
DeWitt CM, Friedman A. 1993. Heterologous protection against influenza by injection of DNA encoding
a viral protein. Science 259:1745-9.

63- Verri T, Ingrosso L, Chiloiro R, Danieli A, Zonno V, Alifano P, Romano N, Scapigliati G, Vilella S,
Stornelli C. 2003. Assessment of DNA vaccine potential for gilthead sea bream (Sparus aurata) by
intramuscular injection of a reporter gene, Fish and Shellfish Immunology 15: 283-295.

64- Wang Z, Troilo PJ, Wang X, Griffiths TG, Pacchione SJ, Barnum AB, Harper LB, Pauley CJ, Niu Z,
Denisova L, Follmer TT, Rizzuto G, Ciliberto G, Fattori E, Monica NL, Manam S, Ledwith BJ. 2004.
Detection of integration of plasmid DNA into host genomic DNA following intramuscular injection and
electroporation. Gene Therapy 11:711-21.

65- Weiss WR, Ishii KJ, Hedstrom RC, Sedegah M, Ichino M, Barnhart K, Klinman DM, Hoffman SL.
1998. A plasmid encoding murine granulocyte-macrophage colony-stimulating factor increases protection
conferred by a malaria DNA vaccine 1. Journal of Immunology 161 (5): 2325-2332.

66- Wolff JA, Malone RW,Williams P, Chong W, Acsadi G, Jani A, Felgner PL. 1990. Direct gene transfer
into mouse muscle in vivo. Science 247:1465-8.

67- Xiang ZQ, Spitalnik S, Tran M, Wunner W, Cheng J, Ertl HCJ. 1994. Vaccination with a plasmid vector
carrying the rabies virus glycoprotein gene induces protective immunity against rabies virus. Virology 199:
132-140.

Y4


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191766
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiGsrX3spPVAhXkFJoKHbslCnQQFgglMAA&url=http%3A%2F%2Fwww.pnas.org%2F&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheets%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manetz%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duffy%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nason%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrews%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nabel%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=16569729
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjswPHHs5PVAhUlLZoKHTJ4DPwQFggoMAA&url=https%3A%2F%2Facademic.oup.com%2Ftoxsci&usg=AFQjCNHMWUSxQZcWSjZz32SHGm3eOoMTNQ
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amara%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campbell%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butera%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellenberger%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chennareddi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herndon%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wyatt%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montefiori%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moss%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=McClure%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=15650426
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjWmvaHtJPVAhViYZoKHTHrAwsQFggvMAI&url=http%3A%2F%2Fwww.liebertpub.com%2Foverview%2Faids-research-and-human-retroviruses%2F2%2F&usg=AFQjCNHt_5IschHKwgYbeknGHPMo-wkLAQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjy6uGbvZPVAhUlJ5oKHfyiAIYQFgglMAA&url=http%3A%2F%2Fwww.nature.com%2Fnm%2F&usg=AFQjCNHLyjAm6Tea9uwNrM6GhHcsq73Amw
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2196169
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2196169
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2196169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gromkowski%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=8456302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deck%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=8456302
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeWitt%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=8456302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friedman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8456302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harper%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauley%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denisova%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Follmer%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rizzuto%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciliberto%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fattori%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monica%20NL%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ledwith%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=14724672
http://www.jimmunol.org/cgi/content/abstract/161/5/2325
http://www.jimmunol.org/cgi/content/abstract/161/5/2325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Felgner%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=1690918
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.8.1
http://journalofbiosafety.ir/article-1-192-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-19 |

[ DOR: 20.1001.1.27170632.1396.10.3.8.1 ]

"myvan jubg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

68- Xu D, Liew FY. 1995. Protection against leishmaniasis by injection of DNA encoding a major surface

glycoprotein, gp63, of L. major. Immunology 84:173-176.

69- Yan J, Yoon H, Kumar S, Ramanathan MP, Corbitt N, Kutzler M, Dai A, Boyer JD, Weiner DB. 2007.

Enhanced cellular immune responses elicited by an engineered HIV-1 subtype B consensusbased envelope
DNA vaccine. Molecular Therapy15: 411-421.

Active immune induction by genetic vaccination

Malihe Naderi', Naghmeh Gholipour?3, Sakine Mashjoor™

1. Department of Microbiology,Qom branch,Islamic Azad University,Qom, Qom, Iran
2. National Institute of Genetic Engineering and Biotechnology, Tehran, Iran.
3. Sana high education non governentalnon prophetical institute, Sari, Iran.
4. Department of Marine Biology, Hormozgan University, Hormozgan, Iran.

sakynemashjoor@gmail.com

Abstract

DNA vaccination, or genetic immunization, is a novel vaccine technology that has great potential for
reducing infectious disease and cancer- induced morbidity and mortality worldwide. This method has been
used to stimulate protective immunity against many infectious pathogens, malignancies, and autoimmune
disorders in animal models and extensively to develop vaccine safe, innovative and efficient in human and
animals has been studied. DNA plasmids encoding foreign proteins may be used as immunogens by direct
intramuscular injection alone, or with various adjuvants. The antibody, helper T lymphocyte, and cytotoxic
T lymphocyte (CTL) responses have been induced in a laboratory and domesticated animals by these
methods. In the inactive immunization method, the goal is only temporary protection and relief of the
condition, but in active immunization, achieving a constant, long-term safety is the final goal. DNA
vaccines are one of the novel candidates of genetic engineering in immunization fields. This article is aimed
to introduce DNA vaccine and induced an immune response by it to achieve sustainable protection and
further development of this technology at national research levels.

Key words: DNA vaccination, Immune, Genetic immunization, Antibody.
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