D

CH$FDI H"‘l%
— | =1
Y 4ok Sh=2IhL=!
29049 A%

off£= DNA Hi&l HI} Jio| =il

Guideline on Evaluation of Prophylactic DNA Vaccines

2021. 07. 30

10
o

F=oHHA

|O|=
=

IT
=

2|2
i
10 |1

=g

HIO| 2 Y F AT A =X x| 1}



K&EM - 2HHAM Hl - IS d4E

3 02 DNA Al B} 7I0|S2tQI@IRQl OHYA)
Of2Holl SHTHSH= AFBHO| XL ZA7| HEZLICE
0 00| S2& XA - OHIN 5 £ - QAR L9 0 o
RIEN - OHUMZE A& LT m oo
= A7 AS0| of2tn TkAl A 7|Eo| KA - Ml HHHES QM
o2 DSIAI7| HIFLICL JHOE 278D S X|AA - OHjAl FHO|
ZWodt 49 1 ALSE of2fol 7|Xsh ZAI7| HRRLICH
) )
O B - A 8T - ABA) £= o
BYAHDA - £ - 0ol LSS T BY EE -
SECA o1el 240l W OtL2
SEHY Lpst QL7
A% 1§ oas qus ooz wals a0 gL 0 o
0 16 ofLf BrAIR &g i AN X|A| - Yo sigste O of
TECEpE m oo
N2 ASIAHLF AEHSI= LHKol L2
0 92 FHES HASAL Meysts L2UL7} 2 olLio
O A &g 18S o8 W mo syTAS 97 A4 O o
Me|st Ak 2L 72 B OfL|2
= M| At 3 Of= SiLIREE ‘0ol SHEkEl= ZS0) X[l - Ol S= CHAIO| OFeLICE
RIAIA - OHHAl H - 7HE =AIZ M8t Tas oaLich
O LSNos SiRAlRo| EULS J[s17| 9fsto] BHExo2 SN [ o= X[&A)
AFRO| ME7IZO0ILE "AIE HASHS HOULTR (ZRAS)  m Ot
RHEIA] - QLI °
7 | O Odeisos We S N 28O S8 Wl BOM oy
HSILE SHE ARl Ciplol AoletEeRie YE e B S
Ste ZHULPR (BIYOIR) =
O A9 MEe Uetsiol M2 AHES AM . ZofsAL O of
Jlet gol | DIYIQIS RasE L8O ASLIMN m oo
AL A mSo| ofeln HSHAl HO AO[HME S LB AKISIAID K|AIA -
OHAA H| - 7§E EAHS RISUSIA|7| BRILICE

20214 o078 30¢

Sherxt B % 2=
3 QARME 4TS

2/47




o
O
=
>
r
=
LS
op
O
Z
>
1=
R
okl
N
z

Ao chsto &7 A

SESIAHL HFOAFITN| EEE 7lget AC=Z HeHez EH

=2 OHHME TiIRXe2 WA @HHZ JiK|& ZA0| OfL|EZ ERo| J|&
HEAlCSIOJOF BICF S0 Sl DIAQI OB 2/HA BIEA| Z=451M0f
Sh= ARZO| OfEE YE{=EILCE ol = QM= 20213 078 302 XK
RN . 71ad AMY 9 /8% HHE E0Z AdEie=mz ol Z|A

WS Bt LIS S TR Akt SO et 22| MEE +~ USS LE=ELE

¥ "RIQL SFLfAEt THleMdez Bl L= JA[-2H -0 55 &7
A BoM WAL SHB Algtol Cisof );%9|0%wx1°| Azt
inlyer ~
|_ O

| Ho
71E5ks AAZF2AL4FAEM XEHMSe| 2e(of & M2=

< = CHLIAO| CHet ofAOILE Zo/AIYO] RUS B AME(AEZATLE IR
HHO| 2 Y oF AR =X A IH0 E2[5kA| 7] HEEFLICE
H2tHS 1 043-719-3451

AT : 043-719-3450

3/47




H-70°8 Ol A

0f|'2E DNA il Z7} 7to| ==l (RIFE QI QLY A)

re
rE

H-7H8H= Tl L%} FoUg

QLY A-1135-01 2021.07.30 M-

4/47




1.1. HH7§

R
wK
NI~

il

16

18

18

21. ;g gq et eeeteeetteteteneenneeneeaateeaetaaetaeenaeeaeeaaetatetaaeeantaaaenatenaetaaeenaennaeenrennetatetnneenarnns

18

20

27

34

37

‘_meo

~

—

0

39

5/47



- B9S2 A (adjuvant) : BEE HAREE T o] = WA YA FEAH FIE FRHo=E

34 7T (benefit-risk assessment) : 3T & FEF <] Feldo] f34 S &3]3t
=7HE Brsl7] sk oA 2 . FAdA W HEiAA2 ASARY B FE S F

2 UG, A AR A FRlsko] dukA Q) Htol F e ofoF ot

-9 FA E2v = (D d)(bulk purified plasmid(bulk)) : HF A1 ¥ 3} o] A ] HA =
Fetav = 13 B T o} Sy o g55a T Fd g AL A= A
AE o] ) e 2 oo &7 Baet HF A ¥ (dosage form)(HF AP 3HE 9

(final formulated vaccine))2] =H] ol AF-&-F T

>

- B WAl (candidate vaccine) : $E WAl o|&t A A T E S H WAl H 7]5 7} WAl

= HES 553 AFoE T HAlol

- A ELF (cell bank) : HZ e AF LS Adste FHEVES AMRste] FAASS
(transformed) @ Al
AL Ao ALGShe TR 24 Al E npo] Y] B B Ttel =gl e ths &0

g AHg-3ta qle.

- mh2E A E &3 (MCB) : Al Z 7] (cell substrate)©] <3 0 2 WAl A} ako]l AL&-3}= o] &
) BREANELYE FEIA ), G A ZA FHT S0 F BAE NETE] B
& R S AEZSH(WCB): Fold 231 stoll MCBE Al 25 S48}
Hi FA 2 BAES TRAI8E7] o) AR E = A Z2A Y. TE EA A

=
= “A ALY A4S A 23] (manufacturer’s working cell bank)” &2 A 317 =

e

6/47



- HF EZE(final lot) : AFS 24 2 T T 29 WA} BAStY g d5H HF
719 BE wetA HF ZES WEA] @l A% Z Al A FstE df o2 RE
SAsjof 3 et

- HZ A F(final product) : ZFHo|A &= Loy dwrxoz v AHE(H7MA

(excipient) == BAZ A G, B4 AL FHE AFote xﬂf‘fg(oﬂ: Aeto] i
=

FAMNE 2. o

Bl
X
2,
X
iyl r
™
o\
e
i,
2
el
=
=3
[9)]
5
(@)
Q.
Lol
-
o
Q.
c
Q,.
rlr
e
2
O
12
el

(drug product)” 2.2 % 3}

AP 3tE Y (formulated bulk) : &A| 2] FE A 2T T2 T3 (intermediate) Z A,
Az} &7 S T2 A FL L AASHA, HAUMAZE A E

R %"471T(GMP) Agel =t Aol APF FAVE R F5]

- 0] F 71%-F7}14 F (heterologous prime-boost) : o '}-& DNA #41-& o] A ZQl 7| 2=-F
Mo 7E B8 ASAYE T3l dlE S0 vhold & HE WAloy Az ©y
2 Ay o], & gE WAy A HAFAY 2y T, 3 A Al V2HF
(priming dose series) 2.2 FJ3}al o] ¢} ThE WA (= o] F WAle] By FIHHZF

(booster) 0.2 F o F T},

- 9 94 (immunogenicity) : | 4lo] 4 7hed HAte& == 5

7/47



FA} A2 e S FES] FEETL AL AT o] JFEL ARG 5 Yor] oate)
A R/ EE FFER AL 98] ATl /A ATHAF S o] H 227 Sk(licensing),

= =

% ¢l (authorization), & & (registration) = =3 A)

- 8t H = (plasmid) : Al Al E ol A A& 2 o' BExets AF o A e Zad Al
DNAS g4 dwtA o % B 7] FHAAE AY AL o, o] T 7= thdkgt A

U 71e} A= £ A A} (selection marker) o] A& &3t o] 2] sk Yoy A&l x| A}+=

STV ES FRT FIIAS 2”A 2 771A S ek H AR-E .

8/47



7t 7t0| 2t

4

30
<4

d
]_
171 Aol v F2ke] A S A A 7F

Z

<)

=

o
=
=

il

A

A

1

o
1l

3ol
1 Q7o) 3

3

jex|
=

A

17ke] ARG ol &

Ly

o

=
12l e HHEAT)

Ly

}Jod Al ©

=
Z o

EE 7
7}

8

Z}(infectious agent)
sHAl "o o Yo7t

1

éo

A

_L
=

o]
i
A}

1

Z&i
=

=

}

3
gl

A2

1.1. 9} 4
7

7}

;:-_]__

==
-3

o % 744

o
=]

o} 100¢] ol AA tf

o
-
M

file)
oo

GE LR E

S|

A

o

o)

©] & (pathogen-specific)

51711,

o

9 Y (immunogen)<

Wwh
o
o
.60

92

H

Al

=

L

bof the A9 ot

o] YukA (generic nature)©] 2}
). A 7] o %A F (routine schedule) B+

SERE

43
=

stod, o2 7HA

S

)
=

-
X

o

el

Mo

9/47



oh B3 o -8 DNAE 2 gubgQl wiAlr g Qbgdo] =& 4 Qo m 2 A3 sl
met ZEAQ glo] &A% A B Ado] 7tsd 4 Unt o8 DNA 412 94
Z A A4 DNAC] t$F 3F-# B H 9 (anti-vector immunity) o]y L ZELA 85 HY
(off-target acquired immunity)S %3} =t o W8 DNA B4l AFA 0] I =

AR Al A 0] e A BAAE AFESHA] &

= AASHA Fon, WAl 5oy
=t 28 Y Alds ARSste] Al xshe A5, sl A9 S A8k AEE A
EQAA Ao Al o] Bod 4= Q) ZE2v|= DNAS A2 A 4% (chromosomal
integration)o] Z7]dl= 83 0|4 $H I oY, B2 AR A= o] FHIFAMER

HSHA U+ AWH L Ao weba o -8 DNA B4 Jt=A] A3 Af

ZEAFY Ax e HYE HANF S B glo)(Fe B A7l thek W d-Eo]
2 A2 A Q) A A (gene insert)—‘Z: Tl A WA F de= FHF 7Isolgt
S 4= Qo B8 8H 7Y E oA o -8 DNA B2 HEo] A8 o disl o-Fa 9
tH(1~10)

TERYAN Y dAnkg, 57} vloel s, BE 11 whol 22, Q3 W AR wlo]
g2, A7 fFFE ko] 8 2~ (HPV), vl2 5 2 3 (Marburg) vlol 8 X, 55 T5715%

(MERS) Z2uuteo]lg 2, FAH vlolg 2z, % 4 & 715 F7(SARS) Hlo| 8 2,
FZvjulo] Z:-Z(SARS-COV- ), I2EVY npo] H22(WNV), 2|7} vholg 2, Trate]

ol
in
¥
Aui
oy
ulss
ox,
i
i
1o
2
gl
il
£
[>
=)
[
)
Z
>
rr
oft ol
oft
2
&
ru
N
Yo
m
flo

(13-19). HPV 7+ X 5AE 9¢ Fepam e Ee ks o2 st 94 A+
o] FAoln o] 7]& A& & tE Al Aot} et T = DNAS] 713 ¢} o] 32 Alg)
M2 HGrlsj ok 31, o] 59 F-8A (utility)S WA HFo]l BHOE = FA &
ol 14 2, Hgde] S0y A FAke] S5,
3 a7 E e AANEe] TR/, G A LH, FAG 2w}
A Eoly A Al=Ho] 23

=

A2 aof ). ol

it
2
R=)
L)
4
N
)
X
ro
g
o M2
o
N
)
ofr
ol
oy
u
o
AP
:(I}L_',
>
Jo
re
e
ol
1>
[o

10/47



e AL 5 YRS A Yo i o)
=

g 71ure AZs) Agolrh

N
Ll
[
)
Z
>
-
)
o)
=5
=}
o,
®)
a9
=
o
of
ol
0%
oX,
i
A
r d
Jo
)
)
2
IN
Eﬁ’i‘
2
4
[
)
o~
ro
N
N
9
[
ACH
r o

S A EZFo A A3 el A o] oF 3 (biotherapeutic protein)9] A2 & UF+= Z o] &

Holme JutA o7 o4 DNA #4lo] & 2857 sht),

(purified plasmid preparation)2

1=

A AW FAE f8) AAE Eetan = FHle z

5 ol gt FEpLW|E= Al ¢toll A e H
EAS #3 223 DNA HE5 AYaL ok =3 ZAv=s A $A A oA
FrAA T HS 313517 9 ¢ 13 A X (eukaryotic) promoter % enhancer TL2] 3 A}
T4 /& old] d & (termination/ polyadenylation) 4 €& XYL o™, AxH o

A2 7333 Q& 4 Ut} o W8 DNA WAL 7154 314 183 CD4+ 2 CD8+

5 -] & (cross-strain specific) ?H-8-= 7153k & & ol 2}

e AdME T2 Uk I E @ AL Fof & A HFA o] o) Al T
a
()

HIV Env gpl1603} 22 -2 3 (membrane-bound) @ A& 39 & 5 QIt}(27). ol =
4] Z3} 92 A 7] (key neutralizing epitope)(17}] ©]/¢2] HIV #5F0]| t)s}o] 34
AsHAl F3tete FY 27 Th7t A9l 2 elE Fojol YA ddd 84

A (monomeric truncated soluble) H A A= FAH A 7] W] FR34H. &
Ak g2 "W o= ZE](d: vlo]H 2 W EH = o8 DNA WAlS 35 o] 5 WAl

71Z2-F714 % A 8 (heterologous prime-boost regimen)oll X AM§- 7153, o W&

11/47



DNA 412 DNA zA7F 54

L=t}

)

1

5

Ehy

-8 A& (adoptive immune response)S

&
&

A=

9

backbone)ol|

A

5

1AL

2 93

& %7 (boosting)

a
Np

GRS

l

A ggloy o

& DNA W 4lo

els

=]

A} g ol A

] Aot} 2y 7|1E

Q
=

24

ol o]

T—
T

=
T

i

FAAE 719k W of 22 o]

(modality)?Fo. 2 7] %9}

Xl
&)

7HA

DNA # Ao 2 22} &3}

?l_

=
o

54102 F7b

o]%_ Hl A] ©

o vt =837, 38). ©]F F71H F(heterologous boost)oll U]

H

714 %} u] awshed

(homologous) =+

)

Z

SHHnE S o] FIHHF ol F &

1 4%

B e

)

2

Aol Moz 8o whal Debrioh44d). oy

(¢}

ol g} o -8 DNA #i 2l o] A A1 #)

7he o

]

3

3L

&

Hpol] o

T—
T

3

o Wi el 7)o

2] ojn

8o 33

A

ato] A

R R

A

DESERETE:

=
T

3] 2] 7123 F ¥HS(priming response)-<

o] o}e}, &

A

A

i A= <t

9

7t
7V %E wbg-o] wgto A 7}

3

I A]

v

XO

L

ol

Hy A
]

SH

1=
T

3 AE7HA AR E A

EUR

Q]
=

Mo

WNV 82

T—
.

T

gk 742 o 9]

&

A A Fsktt. o]

T—
T

U QEFA o 2 X}k Al A

Ae AQRAT. o o

3}

%3}

HZ A7EE Q7o AA

EER

3|

3} (suboptimal)

o 2 WAl o

12/47



1 o
77
Ely

°
pal

]

by

FA7
o

=

1}, 20054 9

°

A
22 FH4x) 7]6t

(3]

H

NA=, o

8

s sar AA

o} M W &5 (cellular uptake) 74 L+

(9

F
[

.

T}(48-50).

i)
=

A2He A9

o

WNV ¢ -8 DNA #2lo] 3] 7}5 1 th(45-47). v}
12 33] Fo7}

12 o

o
T
LIPS
-
5}

170 ot o Bt/ v 2 5 2 5 (Marburg) ol o

(9

71 <l

(9

o)
H
ot

°
pal

o] gt o W} DNA
o A

A A

o

=
=
=

o3 A

}

°
pal

T

b E

AL AN ) A2 7S

SEPEEEEEY

(5)& 9

H

]

3 77t A H AT AA A 37

ofgfell A F 7FA o

ol
=
7

<]

B

» ¥ (translation) S ¢

ol
A

o
ol A

(cryptic splice) 911} 2ot ds} H-9] Al A, GC == AT €719

}o] DNA

°©

oK

=
=

% A ¥(signal sequence)S Tl &4l
Asf) 2™

|

LY

oK
A

=

_?4

promoter/enhancer=

@_

J (complexing)

o

[EE
Al A](presentation)E Z313}7]
st/ Age HA3}:
B oA

[S]

A

A

=0
it

o DNA

7] (jet injector), B

]

o

=z
T

]

= &7

TC

of HHs}(oll: AR A (FHA F), CO, &

1=
T

S18l) gt o) vl A7)

-

13/47



}

°
pal

=

=1}

o]

k<3
T

12}o]] of

=
1l

=7
/\go

71z

A o) o},

]= DNAZ

\\:q‘i\.u

o

=

1TH(11, 22, 32, 48, 51-53). L&} 48 DNA

AN
017 Agol A

7HA

913 Aol 27121)

T

T—

=
T

[©)

Al AYE} AL

-

A

601

]

Hl Z

1=

22 e g

U (reactogenicity) S =Y A A7}
¢}

do T T 2 W N OE NG
o F L oW SR T g
T ooy g O oo oz BT o
. g ™ ~ 8 v
N o oo T s oM N g
COC - B M W N S
J T o4 BB 2P H W o o oy
J-]ro o =~ 1@' ~—
e N ﬁw mm PN s g
0 S = o o m T =
c2ZET2eaw g iiE I
T T (N N N TR
- 8 F g R xw PL X
T N X B 7 = 7Amﬁnﬂxﬁ KV
G I = B I
ooy W& S g © O WK i | N
;O.Irmo‘Lu.‘;Aﬁ mnAO.q
< o B2 8w o5 g e R N
2 o A F T L 3N E 0o o @
P 2T el g gl w e N
mmiwﬁm.ﬂmﬂo,ﬂ%womﬁ%gmlr%%
@ < T oo Ao E 5 X T %
— X file) k) X
T oo Z % doogpg WO o5 P A oo Hye
g X P T g o P T g W T
E g 2B 5w B i
E.—O E‘.W}O)Aﬂnd)AuuA\_l—mEO_E
/d|mm0‘_w Z]];orlu_qhﬂ %mﬂpl
u.ﬂﬂ&ﬂ%%ﬂ@m%ﬂmgwﬂ%
murmw%w%mﬂﬁ%ﬂA%wuﬂi
— 2yt [lie] 3
t s e LT VAR E S
_n;.nLt ﬂﬂﬂlﬂﬁ%dlﬂ._mdlﬂﬂm“
Wy A A TR S
T O o o R N o5 0B &
oo TETR o BR EN o X
AR I A - S - SR
CE e T ey BT om gD A
= = —_~ e X & B
&l Wm o Tz pm g R 5P oo b
SRS E R EE R IR S
TEE e EFRE BT RS o HT
R T - L R S~ I R A N
~ O % M OE o T AR O ON X

14/47



i =7} A 712 A

9

|-

IR

12. 534 &

AN

il
]

H] o} (purified plasmid preparation)©.Z A

g

il 78 A

g s

Z

=

al
5]

DNA Zgtin=o|t,

L —
|,

Zolav=E B g Eat Aol A

i

153

2 AU gk

DNA M <

ki3

=1

3)

A= 9

=k
=

A4}

(eukaryotic) promoter ¥ enhancer ~L2] il

-
X

2] o}tl| d 8} (termination/ polyadenylation) A1

a/&

Njo

o

(o] B Eeh2vIEo} vpo 2 EE

oF
=

2 919 7}

EE R

3k

o

ﬂ
)

—

ol

Zele)

=

7}e]

2 el =% ¥ ohpBA 2, A=

o

—=
fi%e)

2hele] 9] utol )

=

o A& B o]

=

171 9

S

AR Aol AHE-

slok @tk £

= 1y

o

3 -%2) 4

_(1)4
DNA % 23 A& A

L3l

—_
o

o
S 39

4

1A

2}2~7] = DNA, H}o] 8 2 replicon, 3

T &=

-
X

2hele] w9l ol T,

o]# % 7ol =

wK

o] o] 7ol =2}21-& RNA 7wt

)
LY

°]7]

284 A

]

o

15/47



=

Al ol e o g DNA

==
=

17} A

Wtoll kA AbeEE 7]REe =

s

Mo
i

O

s
)
il

0

T

3} (57-58).

Hok 3

9

oy st o)

el
ojn
oR

+

B

Bl
N

o
Hin

npo] 2 2~ W] o} A Z X5 A,

A

= e

gl

SRS
2ele] 9] vkl ATk

&

-

7}l

3

I

o] A

Al
o R GA] o FE T T A o] 5L E T}

=1}

/1\_]__

3N
oH

15 1 (4]: RNA replicon),

A skar 9l

o)

3l

A

A+ 2

i

°©
pul

7171(ell: & 7] (injector), % 7]

s

Aol A 7]7]2] weto] A 1l

Fe

o

e

2 1H ALY
FA B2E 2 opH s} 270

}

%—
& 7|(electroporator)) 7}
<t

o
oF
mjn

o
K

3}

3

717] hebulE)E W

ol
=

7171(

#3] & R ¢hx/g Hl o] e o] 227}

3}

h AL

[

G k-1

(plasmid-encoded) W G F 7 A (ol]: AL | E7F] FAx7F AP ol £

SENE P ES 1!

=

L

i oF

[

F2E/MAA EE AR AR
N A A&

A (facilitator), T 95 7Al,

=1

]

3]
<l

i

ol o5& M= o}

Ak

Q]S
=
=
=

o]
16/47

7N A=
H

o we} F7

la

1

pul
o,

[¢]

A o

i

=} <,

A+ Y A (transfectant) L

o

o] WA 52 & 71A}

-
|,

o 3%,

EARS

]

A ¥ 8} (formulation)

Mo ZEE A

o]
A

(combination vaccine)2] 74-9-2} o]
2

Yol Fol A 8 e] w40l

H

=]



DNA

,

- .

Pol, w2 A 2

2 2 0] WA} (cross-priming) ¥ Tl 8o A4 €

DNAY &5 % WA insitudd §, ZFoHA

(9

o

[

]

A (GMO) 7} ot ™ -2} & (gene-transfer) == F A AR A = ol y o). d A 7HA]

°

A7} obd & £

o] AW A A o]

Y

J)
~

el

olm

AlZto] Z )

T

Zd}2~u] = DNAE

py N

=

ojt}. 1 A%

e} F4} 2904 2A B A

=9}

2}
(reference material) ¥} = A 3£ F

3T
=

g, 2e)a e A

22
Wy

o
i
nfy
e
ojo

]

!

shof bt BxE

S

74l o

}

o
Rl

Ael

=L
)
+ (international standard) <]

HZ A& s}

ol

0

Hlo

E!

ZEo 1]

i

9
pal

2] (immunopathology)ell T

S BERE

ol
=

tot dAe] widd

T

foF 2

3|

=
o
F-8-9 /4 (reactogenicity)2 ¢ & DNA W4l 2AHA B} 5

7N %4 (particle-mediated bombardment) A}

H
(integration)
4,21, 27-34, 73-75).

o]
H

o}

T

e}, 2 opa ohe] 2 7] =

s}

17/47



2. ¥4 B}

21. A9

2.1.1. = A 9 (international name) @ 31 -f % (proper name)

Zo] Aol TAYH B5

= A -2 ‘plasmid DNA vaccine’

J)
~

TH(75, 76).

(e}
3

PN
T

1

309

S
=

J A] =+ A 49 (INN)

ol& 8%

212. AM=3 AY

o

13
nH

To-

g1 = DNAZ 3§

=
=

747 F-& 3 o] 4ol

gk =9} 2}o] 7}

EQE st O E &
t}~u = DNAY &

1% A Aol 4

=
=

22. A Z9 vty A}Lg

wK

o

)

=
&
o/

Hlo

U

Bk

B

o

wK

18/47



q, 2hd

A

H2a A

i

9
pal

_?4

=

=

A7t F8

: =1 ‘_Ir EO
_ — - 5 T iy Lt K z_o o o -~
%ﬂ@ﬂﬂ&%% &%EWMMM} W%M\m%%w N
< <o A Do N i S o ® N T
xS X T .Wm = ‘Xl_u o Nd G S oo - mmo W T B o |
o o w7 o oz oroow T X e
T ANn o o S 5 = i m_rm * o of X F o W X iofr
— N — e . 0
fe e J oo B e 20 TR R ooy o E e w5 =
wo ~ — = = —~
X —_ ‘)AI N EO OU_O _n;.ﬂ O_l MVOH_ ;OL \yl < XE = M\ E.rl ]__/11_ AT M 0 = M J_.ﬂ:._ < __@l
T TG A S - R Y Rz 2 00 %
N o _”Tu oo P = T _1_@. IS 1dﬁ o = Mm N W o B W T "
T X W T W o - R w0 ® ~ i aCS = M
" R . N T < Bl b T 9
PE RS S S XL PERE TS § N
S o N g X2 2 W ﬁ”_ R L = B = W = 5 ¥ wos
~— o —_— JrD' . ‘Ul ‘.m.l N o] —_ 0 ‘_H‘VVL ~ o k) —_— T._._ ﬂ —_—
Tow T o o o iy -~ 4 = N o S = d 2o =
s 5 = N " OB ° A I w X (L AN
_ziMmﬂgwaa@M%@%LMf%q o A
o [y o " ﬂw_ﬂ on_ V Wﬂ " ﬁo ﬂl i N B T o o K E o z_o
TR e % e Tl TR e kT oW G T 2 N on o X SR
o o Xy o F W = N ~ \.._.E 1 i\ — T~ B
oo Ko ok R o i W o <° T 9 X N X RO R oy X0 ) -
= R S Toopow 9y S -t N -
) M X T JJo T & mw C R N~ B do N i = X do ﬂm ° m o =
5o_ﬂaﬂaw@_tiﬂ,@#ger@ﬂ FEM w2
K e T T T T om PLX S D ow oo
X 7 o do B %idadﬂmjﬁe_ﬁ% R N N o
° ﬂo_ammﬁ%ﬁ%mﬂmﬂ%Eﬁﬁ_mﬂlwﬁmq:ﬂo RNy o
o 2 e W g o L oo W ST m el ae I R
A N N A O R P D~ e
it TR s D aw B NRT G g N -
= ) . ) A = L ow — m_mw _ —
&@Aﬂﬂﬂr%ﬂl%@V.A._f%@%%é oy o, 2w T BB
Sl R e 2 g T N C = A S
X E._ ' ;&E q ] t H0° ,UI —~ e @ J t o B T .m N R < _ni =KW #
W@%H%%J%MAMLEMM&%M& w5 T =
9 3 " A L — B Nt R W_H o I =5 o o oF H o N
ﬁ%%ﬂg%mo}lﬂ}or7omn}xaLAmEmﬂv%%@noﬂ@
T o5 T 2 P et ww 3SZEaw e
TN < o fm wjr N <© < o E 1_WI T < o &) = o) T X o’ Zﬁ %0
—_ 7 ) B m ! ! =T » ~ hy —_— E —
moﬂLlﬂozeaﬁﬂ%ouo;f U I T o
o Hp ST ol S DI e ° 5
N g M oW bW % e o % e TR ET
do W N oo T T Ho W W

19/47



A RS A=l wEke - A= H7HA %—ﬂ) M2z RS 9971 28

=
S5 gk Az R F/h A Y AN 2o AxIA WA A, 9%
NG BAT o)A TN AN YINE T Abold] MuESTHS Brbsol

231 AZzFZH FHAY hI L SIRPEE:
Sohav|=e] s B Az g JiEE d¥de B diAdd FHA H
Zeiv=o ZdEH 7 FTAAE: Bl Z(tag) ZF2 A9 E A Al(selection
marker), FAA WA FAA), AHES 2d Q4 AT 2AE EFs)oF S
A2 dd H A8l H 7 (gene expression optimization modification)ol] &3l 7]&=

slof dhth. MA| EStAn|= ME AHE Algsfor ot

232 A=z

% #el 99 B%2vIS DNAY Ao AHgE BE(e: ARE, YESA
FaEd, 27 A7, 9, A F0A)S BEgsn ¥4 F 4 BF 59

ol
kY
2
[r
(L
2l
2
X
|
b~
Jo
A
td
i,
o
>,
oo |
ool
i
Eﬁl
B>
%
ﬂl
o,
i
olN
=R
D
&2
O,
Ny
2
=
o

20/47



AT %FAZA hste] 97 L ¥AY, FAYL TPS YRS AFHL
o AZE AT FFOIAY FM)A SFALE AT, olEo] wAY %
E Bho FHE TS UG F95 golo Ak

Z 2= DNA Ao AA & 2LEe]= 4 EE promoter/enhancer, &2
3£ A A} (selection marker), A< AL

I 2 T8 84F AXSE FEE FAH A, ATl doh EES, |
of #3 FHAAE ZTEP|E DNARS AxF ojdd Tds 93 HH 3
2 35y FAS AAA 2 F Atk wWEpA o] FRAE AMER ADe] A
Ho ol oW HolEH o]z E EAEA] ES Aotk HEZH o E PCRe &
gl AdH QARRE FHIE AeAdE FHAE °gE LA 5T,

i

EA 249 U=, AE ARAJAE Zdste AEHd 2ol grHA IS A
S22 Fa% A, 2 & WYd(immunogen)o|yt Hiole 2 Ado] EF
HA=TFE A7) S8 = Al dlelEHlol&(el: v= =d AW FRAYH
(National Center for Biotechnology Information), ¥V|= =¥ X 719 (National
Institutes of Health), ¥/%2 -2 =4 w2 Elo|= do]EH o] )} tiH]3s}
Z2t~v| =9 DNA AME 454 (DNA sequence homology) A7 A A& ok
gt
A4k AL&SEZ] sl Al AlEE @@@%}(transformation) A

5] L
CAREL AR 94 B0l B 5 Ak 94 AW D FEHNE BEE F4
2 FPAYL FHof B AALAS

21/47



MCBE #¥3l7] 9alxE 540 & B4d Zaav=y) ZA8e AT AX
£ EAste ARgsfor gttt 2 diEs fd AAste AAEg oAy 3
GMPd we} MCB ¥ WCBE THIgok gttt 714, e ¥ Bz s 3
HE AFsfol duh By 2 3¢ 2Ho2M MCBS WCBe HE 7hsAld
N3 SAE FE537F AH AR AFEor gtk A2 WCe ghdst

42 Y8 H871F 50 Basith AP A2 $3L A Eiirt B

[
2
ME

2~ ol
TR

A, ol2i3 WBC &3 Zstoll &3 AJX &2 M2 222 WCBol Hgh 4

O
—

43 RHEYH 54 B Zlesior o AMEZ WCBE ARE

WAl ZgtAuE AA) 9 DNA AES MCB 2 WCB GA A Eelsjjor st}

AvE Fe uA i g 13 393 3 SehansevEe] 4% v

i3
kol
of
oxl
o
oft
:(I}L_',
il
L)
>
=)
[
Lo
H
N

b
)
i—",
X
1
Lo
|
oX
o
M
=
ol
£
il
L)
[>
A=)

9 BAe Az AA olhol HFT AFY T FA L AR, AH FHE
ER AAAE EE AR FHAZAAT 2 T2 wAS AFAAY W

1 45Y g BHoE Bl Ptk g ANAA FIAFE 27 94

22/47



b e

°

a5

T

-

e

S

o o

=

Al

=

huy

A A5

J

o
=]

AFA| B

o]
=

=
T s L
HT mw HMW
7o g < & =
P ® AN
o o e o fo = ™
© Z o s
el s N w A 0 O ¥ g
¢ e @ o = bR B 2T
| 70 o = e 2 I3 X
T B 3 o B T X R S el N
)A_l m) T 0 m —~
— = o B {] " 2 gz T o
iz x Tor o = oy OGS =5 g ) A wH
T w .= sl N 8 s 7 w Al L)
o T._._ _Eﬁ ~ N W;E A _.AU (] o On_ O_._._ —
X T < o % F W g £ olJ fad
Nd I NS i
1| o 0 W e TGS s & S Njo o B
) B3 y T o> g 2 o HG)
T yo w o 78 R ow o - < = 7
5 5w D f%ﬁz,@ﬁh@cl% .
H e nK S . - A o e " N 2P 2 =5 - Il o
ul N ﬁ ~ o = 9] _~
— 3 ~ M o 5 ™ SN 2 oF & = & X - h_w P
a Ml _Wm T . = % i ) & N xr <
A B T o G2 S W ow g X - ) o RER
oy ] T Tl - w o) R = g Y
b 7o % oy o uﬂg mﬁ M_ o)/ o Ty e G mm & MM >
E§Q@245E&gﬁ%qugi 73
| ﬂ W) ﬂl Wi oy o T 5 X2 NR &'o o_l; =y m _m —_ = o o
X - i B s - 3 TR = O
T s BT e R \n S ~ B 0 K A
T 7 w X E T y A g ® AR
Ko X 5 X = N = yoor S W = -
o M o v oo e w8 o
Moh,muwlﬂzomu ,ﬂﬂ%%@%kc 4o
| o A%é@ &%ﬁ}@ﬂﬂﬂ%a M.
_..%ﬂ? O_Eﬂﬂﬁ_g,;o%a% @%wq T
&Jqﬁécl@ﬂmrﬁfr ~ o]/ aﬁm\ﬂ ATE
I T = & e Fodo d _ 5 i o M N
i M o g ] <] 1@_ osn xr o X ™ ~ T : my 0 G
A ol e o o) <A < "y XV S < K T X — Iy
of Q (! XA Iy by 0% N 4 ~
NG o o 7 £ Lo e = o
© " Ho % TR w;ﬂ o e
E TR o ) o8 = e bl I
N o i % M 2 2 N o o i ey
T R 4 2 E 5 ; v ) i
N 5 -
g m iOtAL ‘M Y
v Lm Mwl Zo ay ~ o
W m en 3 o
wB° N o o
en H
~ oo
X0

23/47

o]}

W2 7rel
Ao

! Folel

=

=

e 7
ARE e e
(¢] E%

3a
H ]



1o

°
pal

af oF

S

EHE A

=

&)

R oo R HOE oW o Moo U
?ﬂMﬁEM% Eom X " g T
ol . To = ) 0
o T Ty oI O R
Tm W w® T @ T oy i o T B

v [ny =
o= Mot L og o ¢ % 9 A
— M.M X — ‘m-.._ 0 _n;._u — " OLO file) - ™
X o T < — 3 Wﬂ.ﬂ _ﬂ_ ‘__OIU ‘_lw_ur_._ —_ &;l ,MM \q} AT ‘DI
= < X oﬂ | ~<H Ho ol .HOI OL ~ e N OL o m s
< O B oo O A No =zr =o S oy ©
0 x ) Z_ 1_ ~ 1
J_m—_. ~ iﬁ ‘Mﬂ =
o < T oo B T B T L b & T A
E_E M E:v ze] < = ‘wﬂ i ﬁi _I_ 5 = RS O_E
Zo ‘WI ~ ~ _r@l 2 w
%ﬂgﬂur%%mlw T R S MEE&
P Iz e
o » £ ® Y E X o = R RS
= W 9 - T H N om g wm8 L n__._wl Y
o R o L o= o K I <= .5 ol %0 —
A o B g ;o % 4w w0
o) o — %P o o N : PR . o NH
LB RSN S LRI S B
N o X m o7 ™ - do - A p o5 K
A+ ~ op B oy W~ TN o0l ojo
ol 0 NJo ,_nk.._ X %L s TR 3
y Mowowe o o P oo B T oW g
T I ow %o ° E K MD__.I < MM <! = o T m
Mo %o I = oo L R o Ty 0
e © M = o= Mo = Rl L o P! gn N RT
W Wr MWW mm o A R w = Nd P
M T g X% — ox o o = "o K
Togp o ° 0 MoE m mm < p T 7T K i __Dm T =
. _ ~a oW < 0
prpegEwg Wolersi ses7
T o T N o~ — ® .=
T & ~ ® % 2o R &R o ~% w o .
oW N (- [E) I Mo
Y M ®oT T R ? G = - R R R LR
~ oo "B = H ® g < o = o ~
] WM ﬁ O =) M G i R T ﬁm M
gl m LUy a " T T o T WW To i ol o = S ol
= . @ o T T b T < o WOE o= RN T o W W o=
T B N % b E o I T T
o

i

°©
pul

A

T

oﬂ L

K3
T

Bt

S

3ff oF

[¢)

K

o A
= T

S|
as

=]
R

i

b

24/47

-
o

SRR EE L
o Agel A% F Aok

al

& H

Haje] Bgdolu

A

o

] O
him

<

A A
A]S



2341. &9

PCR &4, ME&EY, A

=

Z

e Ea R

A

A9

7}

TFAAY] in vitro

[e]
A

l

Eol st ¥4 %Y (process capability) ¥ A =

= ju=y =P
=4H XE B

e

ﬁo

il

ok 260nm &+ 280nm

)
pud

af oF

g8 %A

[ R s

floF &

3|

As A4

Eis

ar

5

—_
o)

=

wK

(absorbance) Hl1l+= RNA

<
T

ATk WA A E(EF R,

P
T

&)
=

J
=

X

sl
)

al)
TR

ol
oW
ol

Ho

= e

2w

3z
=

Eis

=
[6)

T

Sk A 58 7

af oF

o dAZE F3ha WA

s}

A Al

=
=

AE dPstar <A

$ o2 A

< TI7F A 713

Stk A% A7

Fed A

P 4o 2EJ Ws

)
pud

A5 =7F A7) T4

A

s}

JAANA =

B7keka 214

3

(leachable and extractable)ol] th

o o
=

~1-

el A

gams) 24 A

3T
=

Ao A A ZE DNA

]

o)

o
2

—_
o)

25/47



gtav =9 24 4H, A ¥}

=
=

2343

Feoay]

24 (super coil)

NS

o A7)

i

ol

o ZA

b1 9istel 2

43

H

(@)
=

ks
=

wK

fvzel
-
)

A g gz d45ta 7F4S

3T
=3

|

Zj'O

0

K-
o7

A

4

o

2.3.44.

o

23!
o

Nio

=29 Aol

Aol
o] Qirhwl

+ = (bioburden) A]

] A =3
o} wrEAHS A Al

Sl

wK

&
=

23!

4, 7HAd7e) 3R AN

=
=

A

in vitro YA

s

gAY o)

19e 2

A

(abnormal toxicity)

o7

AN

E 7 (reference material)

=

235, %

Eehoan

B A

ol A

3
gl

3 oF

ol

3
gl

Agshor gk,

T

3 wjA)E 3he}

7}

3

Y2

AArAH o F2

=

A A

DNA

T
| .

5

o

ol

B8 71 WA

Z7] g A A

26/47



FAA Az Al ARl

WHO A A AT (IU) 2

k<3
T

3k

22

aje o

=

<}

af oF

S

2.3.6. A A

A %

floF

AF Tel =g

el

A

0
o7

Hi
or
o
o

A

)
—_

‘mo

4l

TFAY #

3z
—

Tor
T

T

T}

e}

flok
Z

[

s

1)

=
=

T}

foF

[

24.1. &% (composition)

TE 7Hto g

24, FA Y FEFY Ax

wK

SEED

vl A

s} o

~C)
27/47

A

[¢)

AN HZF

=

=2} )

=

B A

-

ol

]

I
T

[e)

242, A%



A
)

o

o
0

A

B

ol
1oH

)
W
Hin
K
Nfo

O

Ho

CRER

°
pal

=

af oF

S

AE M=

Gz s

7}

A

1

1

SELE

O

Ho

7HA A"

=
T

ol

s

%o} 2]

py N

=

1 anse 9%

0 ofoll L A
[e

%
gt =0 o

3z

=

S Ao 47

i
iz

Al

i

°©
pul

TFAQ A U

=

L

§71/710 A2="e o

24.3.

T
| .

ksl
pul

boh 2o

3 oF

s A+

Aol &

o

&

Tk
Tl
xr
il
3

=2
=

~

file)
_EU
P

iy

od F4 ey,

)

K

=E|
=

AL

[e)

=

GMP| we} A=

-
|,

LEIEER

P
T

719

==
&
=

1

=

oA

)

=]
i

shot. 7l
Mol of

k)
=

11PN

A,

T

3 of

S

A Al
01-

thH] A ¥ st

=

o).
22am]

°©
3T

=

i oF
A

[

A Al
gljl

]

I
T

[e)

=9 o

Fep ]

7HA]

ki3

gheiod

= L
= X

W

744 o]

ki3

ZAZF A

28/47



[¢]

]

3

)ﬂi

=
=

I in vitro

[

o o
g 229 o7}

s

o}

2L

=

o A FA

ol
o
g

mj
—_

a7

b ootk ey 2% ARl A Eeanse

+

—

0
0
mJ

AN
o=

o

Els

=
=

3]
o

ATl A

i

9
pal

ZE 19| Aolo] F23

=

T

z2E9 g

}

°
pal

ST}

°

ol
A# AANE AT ol o)

9

oF
o)

Al
=

2EXR

}

°
pal

o} 3

. o

dto] Az dB4S I

G
i

9
pal

HZF Al
A
o‘F S

~
file)

o)

O

el
z]t

)

o

T
o

ol
ool

il

—

O

o=
)

N
ol
<

el
oo

il

U

N

Hr

. e

s A

S

of ujxjol i

of Hzx ZdHd At wjHl o

—t—
file)

oF
ol
s
o
0
=W

O

e
(ae
>

3

&

al

T

B 71wl A1

3 of

[¢)

2 T3

29/47

ol

Tk 378 Al

°©
pul

3ty 1
7 oF

(@)

=

af oF

S

T AF Eav=

K
A

2442



FZ & (leachable and extractable)S ¥ 7}slal +=

=i
=

o

IR

o)

&
&

.
o
ﬁo

J))
~
file)

e
w

ol

[—=—
o

Nlo

2443. &, v, &F

To-

7} Al 260nm 2 280nmel] A

2444. 715 £32 v H

. 8 F4 sebeeo

L —
|,

3k

=4 vt g E gdsta dEs) ok

. oE e 2 sz

g

B

7}

P
T

AN

€ dH= =

e o

3 2

(supercoil)

| Z=rtEId 9 (HPLC) 9}

ol =
ol %

T
A5

SR

ki3

A Zgtav=o thal AA|

)

AFgEhE we, AA

3
oF
mjn
—_
ﬁo

—_—

0
o

o AW ol 3

3T
=3

718 Al Al

2445 97}

To-

~
file)

o

oo

a8

B
K
el
o

o
B
B

To-
N

mj

[0

o)
TH

A

in vitro %3

o

Aoltt. olol= FF
(immunogen) A &}

29

) Fe

o} A& RT-PCR(MRNAY 735

30/47



HgdHoly dadEx(@ide B Flse= ddd mRNA 52 8
de el §AF(transfection) s Sl in vitredl X EHEH. HHs] LAE
AAIG A AFd Rl RIBESHH A (non-bioassay))= 7I¥te g2 AItE

4 ZAI}(composite measure) AbEol Wt FoE Fajof gtk 54 EHS 9
ste] A7) #el gl BES SYEE in vitro THE AFEE 4 QT

HF AP vd ESaArE=EE Rt dud =
(immunogen)®] G7}E H7ts|oF st}

1
S oA HE AR TR A A BPavs wAdA drte Hrlee

datel WAL B3 BedtE ol Fadt o vl MEES 99
CRRIE = U}Oli%ﬂéﬂ}/éﬂi%ﬂéu}(éﬂ%—8}% B, FA), A/,
shelmutdelok g e A9) Aol el Borske, AFsA BeF Az

Eis

(non-parenteral) 2= FostA ot FAR A=HH AAS hA w4
st Al Aol diete] Hd3 2AE Aok dd FUME E

of thsl Aldsliof at™, AAT F45 Hosiof o LALAY ANF= L
Rt vk A Aol v sEAFS ol ok & A9l olFE,
TE AHES HAger] Ag A, 4, 7Y 3R Jide A&st= Aol ut
HAetH, kA HIHE fIste A™S in vitro A WY AMES aElsfof kot

, 574 (innocuity), ©]’¢=7d(abnormal toxicity) =2 AHF AFHAY AP

d
_l

A
o

31/47



1M o o,

[

171 o9

°©

g a7
2447 T4 44 E(multi-component) ¥ 2

AN

wK

o

%
o

At E71Q

o

) .

=

]

EEESSIR

7b FARaxE

=
T

9)9)

=2} )

=

A
2]

3T

ol
=

RS |

2

X

-

ANA=,

o} 3

b e,

il

ol

i

U
al

&

B A

=E|
=

7N

=

=

SIEE

=

S g

=

L
HZE Al

}

o]
pul

Rem 7
7}3

3o},

o

3l of
|

S

&

i
e}

k)

olAl K O B2

A% 7%
=
4

of

245 FZx &4 (reference materials)

B

B

A A71A

1 oH x| =

3
gl

—_
o

wjr

Z_l
o}

"0

(IS)

=7

o]

A},
A,

3 of

3ff oF

5]
S

)
2 AHg

S

o

_(1)4

F3 B|lwdte] =

B

oV
o
Nto

32/47



il

e

o

37}

Ry

3)

g 9

A SolAY FE57L

A Z IS=

=
gl

o}

246 HAA

A

o
=

A= YA RS

ksl
pul

74

jN

4

—
o

To-

2]

24 el g 7

(supercoil)

=
=

)

e senEst 23d 5 Aok

s

299] 7} (accelerated)

o] ¢kH A ] A(stability-indicating) 543

k53
=

ATt &EFE 2 FFE(leachable and extractable)S X33l X

= >
= T

Bl

1

B

el

Al QFg A (storage stability)= 9

s

doF 2ot

33/47



H| ] A} & 7}

A O o

FH WA vYY FhE A Y4H A4S IEE GFel Fu AF 5ol
4 e uesjor gk AFS 54 2 Fohd FWU)% pAE A9

A7 AY Aol Tes WHO 7hel=eiel 5 & 747 Ee
oz Aok ek,

<
~
N
td
<
il
N

* WHO Guidelines on the Nonclinical Evaluation of Vaccines(57)
* WHO Guidelines on the Nonclinical Evaluation of Vaccine Adjuvants and
Adjuvanted Vaccines(58)

STAVE 74 ARl AlelE7HIeIY e daRd wuds Adse B+
DNA #2le] gk 244 A7 = & Aok o] 3 vdd H7E A8 A4
gt TERY A9 AFY A= S F So|X(species specificity)E 1LY
sfoF & = Stk JEE QIA-5 o] A (human-specific) |3l thale] F-24 /0]
U= A (species-relevant analogue)E AH&3t Jid F% ATFE FHEoF &
T At A9Ede 23 A e JA-5olH AF 2P /E= I FA
Az AAE e, of Al et =7t A 71#e] Fo)E Felof ok

DNA ®Als #Ado] e & TA=Zs oF 7Iz=F7F HEFAS
(heterologous prime-boost regimens) 2] DNA ¥4l ARg-o] A& Folth. HEA
o] i (s HaF HEAZ DNA 94 &)l st 71E2] Hdd
T A ARV e Aol v Z2ado] | Thel=eiely 2AY &
2 9% w3, g

~
>
ok
B
%0,
i)
Ll
_L
m
X
AW
:[o
>,
e
g
18
(o,
’Q
N
o
=
o

_E
ot
a
O
=
Q.
=
(@)
Q,
=
@)
]
3
&L
Lo
1=
>
o,
M
1o
r o
=
o,
WE
o,
ofr
=2
=2
ol
o
2

off
e
2
n
ke
Au
anj
Jo
o
rok
o
e
i
)
o
LR
Sl
o
Au
ry
Y
au)
e
R
o,
5
3
c
5
o)
aQ
[¢°]
=S
o
1

34/47



Aol
she 2]

A Az WA Hs

171 $s
of) ATrellM 54 <AA detrEHE

W

)
ZS|

7)4\0

7}

3

3L

74, A (refine, reduce, replace)®] 3R

Hie

Az ol H A

=
gl

o}

= #X2 (backbone)S 7|RFOZ

AR WA

[e]
A

T

sth21, 22, 69, 70). A 2$

s}

are

S
=

ol

e

X
el

N
AN

~
file)

—_—

_—AU

K
el

2w

 (backbone) & Z ¥ T=& uj

=

H

i

2age A9 AT AFT = Aok e

ted, o] AFtelM= 7+

He aws

Ao

=
ol
o
el

—_
o)

oF
il
—_

B

toh F7bE AREE
HeEl AN slAaE Sk e

S
gl

A A 8f of

bohel o)} 2o BMe

S

Aol 7hs

T—
T

5

=

e
TK

o

m

o

slof @tk Ahg

Fed A efAfol] Han

Z2s

YA

3} A

vhe2), EE 34

rlole 1 AU
o o}

A4

& AFolA AL

k<3
T

AT 53

slob @

£ HopAel B

-

W3 a4 Agol

35/47



S, Zet2v]= ¥l E (backbone)e YAAHo T Ao} ggo] AEHo|H (Y
dARoE AT vE FAF BEo] gle) o3 HIEWE FESA &S &

=

=
$k(natural disease)ol|] thall FSlo] ArivbE dHA U
T ok A Aol WA} WE-§-AJ(cross-reactivity

7 3}(disease enhancement)®} AFTE o] JThH A2 F

2
N
'R
b
s
<

X

AN

N

B

12

i)

_IIR

r2
A
i)

ot )

e A AgAe} =ort Hesit. eixoe g2, Fetiu|= W E (backbone)©]

Er Fejavls ey 99 257 A2Aolgw o] 94 Hokxsie] wol} B

gl DNA #WAlo] thajx A & FE(Biodistribution) ATFE A3 L= &)

AA HER ARANME oldF HAE AsHer T olfE ANAA Rach

E2}27E DNAE A2 FAF 9o mFan Jdzoe= 9w e FFoluy
Ax] Ax BHYsHA EEsHA ger)h vl$o] ZgAn= DNAE day 1
ShS FA o= 8hA Fom FajEo] AR wiEFHTHe9, 70, 79). 1H Y o]
g RES AAA % Aotk FEY AU HotE AMEE Y 4
EE AA B ATE 53l 53 R e AgH o|th(79).

36/47



(heterologous prime-boost

EESE

Z-F7

1% 7]

T
| .

I

A

J

=]
Rl

g4

)

7

regimens)ol| A 2] DNA W41 Apg-o|t}, o] FA

7he]

F AEA ] dAA

Z-F7

b 539 ol 7]

3
gl

o=

1T},

0O

A

o

]_

012 Az AolH w

ghlo A AlE

=

-
|,

ol A

7 A =dRAE HFHoR

| W F&5

717v 2 Aot} A

E
o
)

AN

oy A7l AT vy

Aebs

3}
=

A LA

Tt ol Abesk %

i

a2 AtEle 7]

¢ s} 7tol ok,

AN

w419

DNA

1& Aelth. o]

0

P
T

oH

2}l ol A

=

0|4 7}ol

il
Y

-

_'24

ki3

-

A Z, oY

o e 499 n

%

==
o

oAM AR 7171 vE}vH

o] A

A & A ol A e} o]

EAE

]

(pivotal) <

<H
o

AN

3

3

(device parameter)E R

dloF stk A FA

1

3

AH-& AL Al 8

=L O
Elg=s

of

37/47



719 S7k l(offlabel) AHE-S EFH37) 98l kB gA AYS mAFE Qo] F
28 Aotk thAl 717] Abge] A B FEA Aol FFe) MR FBL
Brbslol @oh BEE(E)NM Sk B 02 FRY gzckE : o M)

Agsty) A8 e 717

il
>
=
ofo
e
sl
r o
A\
=
IS
r 2|
M
ol
o
£
=
o>
Jo
fol
oX,
>
o2
fllo
o
e

38/47



10.

11.

12.

=g

fall

Mo

Suschak JJ, Williams JA, Schmaljohn CS. Advancement in DNA vaccines vectors, non 2
mechanical delivery methods, and molecular adjuvants to increase immunogenicity. Hum Vaccin
Immunother. 2017;13(12):2837-48 (https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC5718814/,
accessed 30 April 2020).

Manickan E, Karem KL, Rouse BT. DNA Vaccines - A Modern Gimmick or a Boon to
Vaccinology? Crit Rev Immunol. 2017;37(2-6):483-98 (abstract :
https:/ /pubmed.ncbi.nlm.nih.gov/29773031/, accessed 30 April 2020).

Porter KR, Raviprakash K. DNA Vaccine Delivery and Improved Immunogenicity. Curr Issues
Mol Biol. 2017;22:129-38 (abstract: https://pubmed.ncbinlm.nih.gov/27831541/accessed 30 April
2020).

Li L, Petrovsky N. Molecular mechanism for enhanced DNA vaccine immunogenicity. Expert Rev
Vaccine. 2016;15(3): 312-29 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955855/, accessed 30
April 2020).

Mar¢ MA, Dominguez-Alvarez E, Gamazo C. Nucleic acid vaccination strategies against infectious
diseases. Expert Opin Drug Deliv. 2015;12(12):1851-65

(https:/ /www .tandfonline.com/doi/full /10.1517 /17425247.2015.1077559, accessed 30 April 2020).

Grunwald T, Ulbert S. Improvement of DNA vaccination by adjuvants and sophisticated delivery
devices: vaccine-platforms for the battle against infectious diseases. Clin Exp Vaccine Res.
2015;4(1):1-10 (https:/ /www.ncbi.nlm.nih.gov/pmc/articles/ PMC4313101/accessed 30 April 2020).

Tregoning ]S, Kinnear E. Using Plasmids as DNA Vaccines for Infectious Diseases. Microbiol
Spectr. 2014 Dec;2(6)

(https:/ /www .asmscience.org/content/journal /microbiolspec/10.1128 /microbiolspec. PLAS 25
-0028-2014, accessed 30 April 2020).

Williams JA. Improving DNA vaccine performance through vector design. Curr Gene Ther.
2014;14(3):170-89 (abstract: https://pubmed.ncbi.nlm.nih.gov/25142448 /accessed April 2020).

Wahren B, Liu MA. DNA Vaccines: Recent Developments and the Future. Vaccines
2014;2(4):785-96 (https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC4494247/, accessed April 2020).

Liu MA. DNA Vaccines: an historical perspective and view to the future. Immunological Reviews.
2011;239:62-84 (abstract: https://pubmed.ncbi.nlm.nih.gov/21198665/accessed 30 April 2020).

Ledgerwood JE, Graham BS. DNA vaccines: a safe and efficient platform technology for
responding to emerging infectious diseases. Hum Vaccin. 2009 Sep;5(9):623-6
(https:/ /www .tandfonline.com/doi/pdf/10.4161/hv.8627, accessed 30 April 2020).

Smith TR, Patel A, Ramos S, Elwood D, Zhu X, Yan J, et al. Immunogenicity of a DNA vaccine
candidate for COVID-19. Nature Communications 2020; 11:2601.

https:/ /doi.org/10.1038/s41467-020-16505-0 (https:/ /www.nature.com/articles/s41467-020-16505-0,
accessed 16 July 2020).

39/47



13.

14.

15.

16.

17.

18.

19.

20.

21.

22

Pierini S, Perales-Linares R, Uribe-Herranz M, Pol ]G, Zitvogel L, Kroemer G et al. Trial watch:
DNA-based vaccines for oncological indications. Oncoimmunology. 2017 Nov 20;6(12): 1398878
(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC5706602/accessed 30 April 2020).

Gottlieb P, Utz PJ], Robinson W, Steinman L. Clinical optimization of antigen specific modulation
of type 1 diabetes with the plasmid DNA platform. Clin Immunol. 2013 Dec;149(3):297-306
(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC4800754/, accessed April 2020).

Garren H, Robinson WH, Krasulova E, Havrdovéa E, Nadj C, Selmaj K et al. Phase 2 trial of a
DNA vaccine encoding myelin basic protein for multiple sclerosis. Ann Neurol. 2008
May;63(5):611-20 (https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.21370, accessed April 2020).

Zhu Z, Yu ], Niu Y, Sun S, Liu Y, Saxon A et al. Enhanced Prophylactic and Therapeutic
Effects of Polylysine-Modified Ara h 2 DNA Vaccine in a Mouse Model of Peanut Allergy. Int
Arch Allergy Immunol. 2016;171(3-4):241-50 (https://www.karger.com/Article/FullText/453264,
accessed 30 April 2020).

Trimble CL, Morrow MP, Kranyak KA, Shen X, Dallas M, Yan ] et al. Safety, efficacy, and
immunogenicity of VGX-3100, a therapeutic synthetic DNA vaccine targeting human papillomavirus
16 and 18 E6 and E7 proteins for cervical intraepithelial neoplasia 2/3: a randomised,
double-blind, placebo-controlled phase 2b trial. Lancet. 2015 Nov 21;386(10008):2078-88

(https:/ /www.ncbi.nlm.nih.gov/pmc/articles/PMC4888059/, accessed 30 April 2020).

Maldonado L, Teague JE, Morrow MP, Jotova I, Wu TC, Wang C et al. Intramuscular
Therapeutic Vaccination Targeting HPV16 Induces T Cell Responses That Localize in Mucosal
Lesions. Sci Transl Med. 2014 Jan 29;6(221):221ral3

(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC4086631/, accessed 30 April 2020).

Tebas P, Kraynyak KA, Patel A, Maslow JN, Morrow MP, Sylvester AJ et al. Intradermal
SynCon® Ebola GP DNA Vaccine is Temperature Stable and Safely Demonstrates Cellular and
Humoral Immunogenicity Advantages in Healthy Volunteers, JID. 2019;220(3):400-10

(https:/ /academic.oup.com/jid/article/220/3/400/5395966, accessed April 2020).

Guidelines for assuring the quality and nonclinical safety evaluation of DNA vaccines. In: WHO
Expert Committee on Biological Standardization. Fifty-sixth report. Geneva: World Health
Organization; 2007: Annex 1 (WHO Technical Report Series, No. 941;

https:/ /www.who.int/biologicals/publications/trs/areas/ vaccines/dna/ Annex %201_DNA %vaccines.
pdf?ua=1, accessed 30 April 2020).

International Health Regulations (2005). Second edition. Geneva: World Health Organization; 2008
(http:/ /whqlibdoc.who.int/publications/2008/9789241580410_eng.pdf, accessed 26 April 2019)

Tebas P, Roberts CC, Muthumani K, Reuschel EL, Kudchodkar SB, Zaidi FI et al. Safety and
Immunogenicity of an Anti - Zika Virus DNA Vaccine — Preliminary Report. N Eng ] Med.
2017 (https:/ /pubmed.ncbi.nlm.nih.gov/28976850/, accessed 30 April 2020).

Gaudinski MR, Houser KV, Morabito KM, Hu Z, Yamshchikov G, Rothwell RS et al. Safety, Tolerability,
and Immunogenicity of Two Zika Virus DNA Vaccine Candidates in Healthy Adults: Randomised,
Open-Label, Phase 1 Clinical Trials. Lancet. 2018;391(10120):552-62

40/47



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(https:/ /www.thelancet.com/journals/lancet/article/ PIIS0140-6736(17)33105-7 /fulltext, accessed 30 April 2020).

Paules CI, Marston HD, Fauci AS. Coronavirus Infections - More than Just the Common Cold.
JAMA. 2020;323:707-8 (https:/ /jamanetwork.com/journals/jama/fullarticle/2759815, accessed 30
April 2020).

Beasly DWC. New international guidance on quality, safety and efficacy of DNA vaccines. npj
Vaccines 2020; 5:53 ; https://doi.org/10.1038/s41541-020-0199-0

(https:/ /www.nature.com/articles/s41541-020-0199-0 , accessed 16 July 2020).

Sheets RL, Kang H, Meyer H, Knezevic . WHO informal consultation on the guidelines for
evaluation of the quality, safety, and efficacy of DNA vaccines, Geneva, Switzerland, December
2019. npj Vaccines 2020; ) 5:52 ; https://doi.org/10.1038/s41541-020-0197-2.

(https:/ /www.nature.com/articles/s41541-020-0197-2 , accessed 16 July 2020).

Keefer MC, Graham BS, Belshe RB, Schwartz D, Corey L, Bolognesi DP et al. Studies of high
doses of a human immunodeficiency virus type 1 recombinant glycoprotein 160 candidate
vaccine in HIV type 1-seronegative humans. The AIDS Vaccine Clinical Trials Network. AIDS
Res Hum Retroviruses. 1994 Dec;10(12):1713-23 (abstract:

https:/ / pubmed.ncbinlm.nih.gov/7888231/, accessed 30 April 2020).

Martin JE, Sullivan NJ, Enama ME, Gordon I, Roederer M, Koup RA et al. A DNA vaccine for Ebola
virus is safe and immunogenic in a phase I clinical trial. Clin Vaccine Immunol. 2006
Nov;13(11):1267-77  (https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC1656552/, accessed 30 April 2020).

Liu MA. Immunologic Basis of Vaccine Vectors. Immunity. 2010;33(4):504-15
(https:/ /www.cell.com/immunity/fulltext/S1074-7613(10)00364-X?_returnURL=https %3A %2F %2Flinkingh
ub.elsevier.com%2Fretrieve%2Fpii %2FS107476131000364X %3Fshowall %3Dtrue, accessed 30 April 2020).

Nabel GJ, Kaslow DC, Ulmer ]JB, Liu MA. DNA vaccines. In: New Generation Vaccines. New
York, NY, USA: Marcel Dekker; 2010:386-95.

Liu MA. Gene-Based Vaccines: Recent Developments. Curr Opin Mol Ther. 2010;12(1):86-93
(abstract: https://pubmed.ncbi.nlm.nih.gov/20140820/, accessed 8 May 2020).

Enama ME, Ledgerwood JE, Novik L, Nason MC, Gordon IJ, Holman L et al. Phase I
randomized clinical trial of VRC DNA and rAd5 HIV-1 vaccine delivery by intramuscular (i.m.),
subcutaneous (s.c.) and intradermal (i.d.) administration (VRC 011). PLoS One. 2014 Mar
12;9(3):€91366 (https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC3951381/, accessed 30 April 2020).

Hammer SM, Sobieszczyk ME, Janes H, Karuna ST, Mulligan MJ, Grove D et al. Efficacy trial of
a DNA/rAd5 HIV-1 preventive vaccine. N Engl ] Med. 2013 Nov 28;369(22):2083-92
(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC4030634/, accessed April 2020).

Churchyard GJ, Morgan C, Adams E, Hural J, Graham BS, Moodie Z et al. A phase IIA
randomized clinical trial of a multiclade HIV-1 DNA prime followed by a multiclade rAd5
HIV-1 vaccine boost in healthy adults (HVTN204). PLoS One. 2011;6(8):e21225

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC3152265/, accessed 30 April 2020).

Leifert JA and Whitton JL. Immune response to DNA vaccines: Induction of CD8 T cells. Landes

41/47



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Bioscience. 2013 (https://www.ncbi.nlm.nih.gov/books/NBK6523/, accessed 30 11 April 2020).

Kardani K, Bolhassani A, Shahbazi S. Prime-boost vaccine strategy against viral infections: Mechanisms
and benefits. Vaccine. 2016 Jan 20;34(4):413-23
(https:/ / www.sciencedirect.com/science/ article/ pii/S0264410X15017430?via %3Dihub, accessed 30 April 2020).

De Rosa SC, Thomas EP, Bui J, Huang Y, deCamp A, Morgan C et al. HIV-DNA priming alters
T cell responses to HIV-adenovirus vaccine even when responses to DNA are undetectable. |
Immunol. 2011 Sep 15;187(6):3391-401 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3180898/,
accessed 30 April 2020).

Mulligan MJ, Russell ND, Celum C, Kahn ], Noonan E, Montefiori DC et al. Excellent safety
and tolerability of the human immunodeficiency virus type 1 pGA2/]JS2 plasmid DNA priming

vector vaccine in HIV type 1 uninfected adults. AIDS Res Hum Retroviruses. 2006
Jul;22(7):678-83 (abstract: https://pubmed.ncbi.nlm.nih.gov/16831092/, accessed 30 April 2020).

Jaoko W, Karita E, Kayitenkore K, Omosa-Manyonyi G, Allen S, Than S et al. Safety and
immunogenicity study of Multiclade HIV-1 adenoviral vector vaccine alone or as boost following
a multiclade HIV-1 DNA vaccine in Africa. PLoS One. 2010;5(9):e12873

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2943475/, accessed 30 April 2020).

Koup RA, Roederer M, Lamoreaux L, Fischer ], Novik L, Nason MC et al. Priming
immunization with DNA augments immunogenicity of recombinant adenoviral vectors for both
HIV-1 specific antibody and T-cell responses. PLoS One. 2010;5(2): €9015

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2814848/, accessed 30 April 2020).

Liu J, Hellerstein M, McDonnel M, Amara RR, Wyatt LS, Moss B et al. Dose-response studies
for the elicitation of CD8 T cells by a DNA vaccine, used alone or as the prime for a modified
vaccinia Ankara boost. Vaccine. 2007 Apr 12;25(15):2951-8 (abstract:

https:/ /pubmed.ncbinlm.nih.gov/17360078/, accessed 30 April 2020).

Viegas EO, Kroidl A, Munseri PJ, Missanga M, Nilsson C, Tembe N, et al. Optimizing the
immunogenicity of HIV primeboost DNA-MVA-rgp140/GLA vaccines in a phase II Page 39
randomized factorial trial design. PLoS One. 2018;13(11): e0206838

(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC6264478/, accessed 30 April 2020).

Flatz L, Roychoudhuri R, Honda M, Filali-Mouhim A, Goulet JP, Kettaf N et al. Single14 cell
gene-expression profiling reveals qualitatively distinct CD8 T cells elicited by different gene-based
vaccines. Proc Natl Acad Sci U S A. 2011 Apr 5;108(14):5724-9

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC3078363/, accessed 30 April 2020).

Honda M, Wang R, Kong WP, Kanekiyo M, Akahata W, Xu L et al. Different vaccine vectors
delivering the same antigen elicit CD8+ T cell responses with distinct clonotype and epitope
specificity. ] Immunol. 2009 Aug 15;183(4):2425-34

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2858449/, accessed 30 April 2020).

Barouch DH, McKay PF, Sumida SM, Santra S, Jackson SS, Gorgone DA et al. Plasmid
chemokines and colony-stimulating factors enhance the immunogenicity of DNA priming-viral
vector boosting human immunodeficiency virus type 1 vaccines. ] Virol. 2003 Aug;77(16):8729-35

42/47



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC167238/, accessed 30 April 2020).

Martin JE, Pierson TC, Hubka S, Rucker S, Gordon IJ, Enama ME et al. West Nile virus DNA
vaccine induces neutralizing antibody in healthy adults during a phase 1 clinical trial. J Infect
Dis. 2007 Dec 15;196(12):1732-40 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714735/,
accessed 30 April 2020).

Ledgerwood JE, Pierson TC, Hubka SA, Desai N, Rucker S, Gordon IJ et al. A West Nile virus
DNA vaccine utilizing a modified promoter induces neutralizing antibody in younger and older
healthy adults in a phase I clinical trial. ] Infect Dis. 2011 May 15;203(10):1396-404
(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC3080891/, accessed 30 April 2020).

West Nile shot for horses is first licensed DNA vaccine. Center for Infectious Disease Research
& Policy; July 21, 2005 (http://www.cidrap.umn.edu/news;27
perspective/2005/07 / west-nile-shot-horses-first-licensed-dna-vaccine, accessed 30 April 28 2020).

Martin JE, Sullivan NJ, Enama ME, Gordon IJ, Roederer M, Koup RA et al. A DNA vaccine for
Ebola virus is safe and immunogenic in a phase I clinical trial. Clin Vaccine Immunol. 2006
Nov;13(11):1267-77 (https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC1656552/, accessed 30 April 2020).

Sarwar UN, Costner P, Enama ME, Berkowitz N, Hu Z, Hendel CS et al. Safety and
immunogenicity of DNA vaccines encoding Ebolavirus and Marburgvirus wild-type glycoproteins
in a phase I clinical trial. J Infect Dis. 2015 Feb 15;211(4):549-57

(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC4318920/, accessed 30 April 2020)

Kibuuka H, Berkowitz NM, Millard M, Enama ME, Tindikahwa A, Sekiziyivu AB et al. Safety
and immunogenicity of Ebola virus and Marburg virus glycoprotein DNA vaccines assessed
separately and concomitantly in healthy Ugandan adults: a phase 1b, randomised, double-blind,
placebo-controlled clinical trial. Lancet. 2015 Apr 18;385(9977):1545-54

(https:/ / pubmed.ncbi.nlm.nih.gov/25540891/, accessed 30 April 2020).

Buchbinder SP, Grunenberg NA, Sanchez BJ, Seaton KE, Ferrari G, Moody MA et al.
Immunogenicity of a novel Clade B HIV-1 vaccine combination: Results of phase 1 randomized
placebo controlled trial of an HIV-1 GM-CSF-expressing DNA prime with a modified vaccinia
Ankara vaccine boost in healthy HIV-1 uninfected adults. PLoS One. 2017 Jul 20;12(7):e0179597
(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC5519050/, accessed 8 May 2020).

Mori T, Kanda Y, Takenaka K, Okamoto S, Kato ], Kanda ] et al. Safety of ASP0113, a
cytomegalovirus DNA vaccine, in recipients undergoing allogeneic hematopoietic cell
transplantation: an open-label phase 2 trial. Int ] Hematol. 2017 Feb;105(2):206-12 (abstract:
https:/ /pubmed.ncbi.nlm.nih.gov/27796740/, accessed 30 April 2020).

Stenler S, Blomberg P, Smith CI. Safety and efficacy of DNA vaccine: Plasmid vs. Minicircles.
Hum Vaccin Immunother. 2014;10(5):1306-8 (abstract: https://pubmed.ncbi.nlm.nih.gov/24553064/,
accessed 30 April 2020).

Dalmo RA. DNA vaccines for fish: Review and perspectives on correlates of protection. ] Fish
Dis. 2018 Jan;41(1):1-9 (https://pubmed.ncbi.nlm.nih.gov/29064091/, accessed 30 April 2020).

Houston R, Moxon S, Nogue F, Papadopoulou N, Ramon M, et al. Assessment of the potential

43/47



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

integration of the DNA plasmid vaccine CLYNAV into the salmon genome. EFSA Journal.
2017;15(1) (https:/ /efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4689, accessed 30 April 2020).

Guidelines on nonclinical evaluation of vaccines. In: WHO Expert Committee on Biological
Standardization. Fifty-fourth Report. Geneva, World Health Organization, 2005, Annex 1 (WHO
Technical Report Series, No. 927;

http:/ /www.who.int/biologicals/ publications/ trs/areas/ vaccines/nonclinical_evaluation/ ANNEX%2
01Nonclinical P31-63.pdf?ua=1, accessed 40 April 2020).

Guidelines on the Nonclinical Evaluation of Vaccine Adjuvants and Adjuvanted Vaccines, In:
WHO Expert Committee on Biological Standardization. Sixty-Fourth Report. Geneva, World
Health Organization, 2014, Annex 2 (WHO Technical Report Series, No. 987;
http://www.who.int/biologicals/areas/vaccines/ TRS_987_Annex2.pdf?ua=1, accessed April 2020)

Weniger BG, Anglin IE, Tong T, Pensiero M, Pullen JK; Nucleic Acid Delivery Devices for HIV
Vaccines Workshop Group. Workshop report: Nucleic acid delivery devices for HIV vaccines:
Workshop proceedings, National Institute of Allergy and Infectious Diseases, Bethesda, Maryland,
USA, May 21, 2015. Vaccine. 2018 Jan 25;36(4):427-37 (abstract:

https:/ / pubmed.ncbinlm.nih.gov/29174315/, accessed 30 April 2020).

Ake JA, Schuetz A, Pegu P, Wieczorek L, Eller M, Kibuuka H et al. Safety and Immunogenicity
of PENNVAX-G DNA Prime Administered by Biojector 2000 or CELLECTRA Electroporation
Device With Modified Vaccinia Ankara-CMDR Boost. | Infect Dis. 2017;216(9):1080 - 90

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC5853809/, accessed 30 April 2020).

Ledwith BJ, Manam S, Troilo PJ, Barnum AB, Pauley CJ, Griffiths 2nd 11 TG et al. Plasmid
DNA vaccines: assay for integration into host genomic DNA. Dev Biol. 2000;104:33 - 43 (abstract:
https:/ /pubmed.ncbinlm.nih.gov/11713822/, accessed 30 April 2020).

Ledwith BJ, Manam S, Troilo PJ, Barnum AB, Pauley CJ, Griffiths 2nd 14 TG et al. Plasmid
DNA vaccines: investigation of integration into host cellular DNA following intramuscular
injection in mice. Intervirology, 2000;43(4-6):258 - 72 (abstract:

https:/ /pubmed.ncbinlm.nih.gov/11251381/, accessed 30 April 2020).

Kim BM, Lee DS, Choi JH, Kim CY, Son M, Suh YS et al. In vivo kinetics and biodistribution
of a HIV-1 DNA vaccine after administration in mice. Arch Pharm Res. 2003;26(6):493 - 8
(abstract: https://pubmed.ncbi.nlm.nih.gov/12877561/, accessed 30 April 2020).

Pilling AM, Marman RM, Jones SA, McCormack NAM, Lavender D, Haworth R. The assessment
of local tolerance, acute toxicity, and DNA biodistribution following particle124 mediated
delivery of a DNA vaccine to minipigs. Toxicol Pathol. 2002;30(3):298 - 305 (abstract:

https:/ /pubmed.ncbi.nlm.nih.gov/12051546/, accessed 30 April 2020).

Bureau MF, Naimi S, Torero Ibad R, Seguin ], Georger C, Arnould E et al. Intramuscular plasmid
DNA electrotransfer: biodistribution and degradation. Biochim Biophys Acta. 2004;1676(2):138 - 48
(abstract: https://pubmed.ncbi.nlm.nih.gov/14746908/, accessed 30 April 2020).

Wang Z, Troilo PJ, Wang X, Griffiths II TG, Pacchione S], Barnum AB et al. Detection of
integration of plasmid DNA into host genomic DNA following intramuscular injection and

44/47



07.

68.

69.

70.

71.

72.

73.

74.

75.

electroporation. Gene Therapy. 2004;11:711 - 21 (https:/ /www.nature.com/articles/3302213,
accessed 30 April 2020).

Manam S, Ledwith B], Barnum AB, Troilo PJ, Pauley CJ, Harper LB et al. Plasmid DNA
vaccines: Tissue distribution and effects of DNA sequence, adjuvants, and delivery method on
integration into host DNA. Intervirology. 2000;43(4-6)273-81

(https:/ / pubmed.ncbi.nlm.nih.gov/11251382/, accessed 30 April 2020).

Sheets RL, Stein ], Manetz TS, Duffy C, Nason M, Andrews C et al. 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. Toxicol Sci.
2006;,91(2):610-9 (https://pubmed.ncbi.nlm.nih.gov/16569729/, accessed 30 April 2020).

Sheets RL, Stein ], Manetz TS, Andrews A, Bailer R, Rathmann ] et al. Toxicological Safety
Evaluation of DNA Plasmid Vaccines against HIV-1, Ebola, Severe Acute Respiratory Syndrome, or
West Nile Virus is Similar despite Differing Plasmid Backbones or Gene Inserts. Toxicol Sci.
2006;91(2):620-30 (https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC2366098/, accessed 30 April 2020).

Ulmer JB, Deck RR, DeWitt CM, Donnelly ]J, Liu MA. Generation of MHC class [19 restricted
cytotoxic T lymphocytes by expression of a viral protein in muscle cells: Antigen presentation by
non-muscle cells. Immunology. 1996,89(1):59-67

(https:/ /www.ncbinlm.nih.gov/pmc/articles/ PMC1456656/, accessed 30 April 2020).

Fu TM, Ulmer ]B, Caulfield MJ, Deck RR, Friedman A, Wang S et al. Priming of cytotoxic T
lymphocytes by DNA vaccines: requirement for professional antigen presenting cells and
evidence for antigen transfer from myocytes. Mol Med. 1997 Jun;3(6):362-71

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2230213/, accessed 30 April 2020).

Morrow MP, Tebas P, Yan ], Ramirez L, Slager A, Kraynyak K et al. Synthetic consensus HIV-1
DNA induces potent cellular immune responses and synthesis of granzyme B, perforin in HIV
infected individuals. Mol Ther. 2015 Mar;23(3):591-601

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC4351468/, accessed 30 April 2020).

Roy MJ, Wu MS, Barr LJ, Fuller JT, Tussey LG, Speller S et al. Induction of antigen 22 specific
CD8+ T cells, T helper cells, and protective levels of antibody in humans by particle-mediated
administration of a hepatitis B virus DNA vaccine. Vaccine. 2000 Nov 22;19(7-8):764-78 (abstract:
https:/ /pubmed.ncbinlm.nih.gov/11115698/, accessed April 2020).

Gorse G, Newman MJ, deCamp A, Hay CM, DeRosa SC, Noonan E et al. DNA and Modified
vaccinia virus Ankara vaccines encoding multiple cytotoxic and helper T128 lymphocytes
epitopes of Human Immunodeficiency Virus Type 1 (HIV-1) are safe but weakly immunogenic
in HIV -1-Uninfected, Vaccinia Virus Naive adult. Clin Vaccine Immunol. 2012;19(5):649-58
(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC3346329/, accessed 30 April 2020).

Guidance on the use of international non-proprietary names (INNs) for pharmaceutical
substances. Geneva, World Health Organization, 2017
(www.who.int/medicines/services/inn/FINAL_WHO_PHARM_S_NOM_1570_web.pdf?ua=1,
accessed 30 April 2020).

45/47



76.

77.

78.

79.

Roberson JS, Chui W-K, Genazzani AA, Malan SF, de la Rica Manjavacas AL, Mignot G, Thorpe
R, Balocco R, Rizzi M. The INN global nomenclature of biological medicines: A continuous
challenge. Biologicals. 2019;6:15-23

(https:/ /www.sciencedirect.com/science/article/pii/S104510561930048X?via %3Dihub, accessed 30
April 2020).

Sheets RL, Stein ], Bailer RT, Koup RA, Andrews C, Nason M et al. Biodistribution and
Toxicological Safety of Adenovirus Type 5 and Type 35 Vectored Vaccines Against Human
Immunodeficiency Virus-1 (HIV-1), Ebola, or Marburg Are Similar Despite Differing Adenovirus
Serotype Vector, Manufacturer’s Construct, or Gene Inserts. ] Immunotoxicol. 2008;5(3):315-35
(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2777703/, accessed 30 April 2020).

Tuomela M, Malm M, Wallen M, Stanescu I, Krohn K, Peterson P. Biodistribution and General Safety
of a Naked DNA Plasmid, GTU-MultiHIV, in a Rat, Using a Quantitative PCR Method. Vaccine.
2005;23(7):890-6 (abstract: https://pubmed.ncbi.nlm.nih.gov/15603889/, accessed 30 April 2020).

Sheng-Fowler L, Tu W, Fu H, Murata H, Lanning L, Foseh G et al. A Mouse Strain Defective
in Both T Cells and NK Cells Has Enhanced Sensitivity to Tumor Induction by Plasmid DNA
Expressing Both Activated H-Ras and c-Myc. PLoS One. 2014;9(10):e108926

(https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC4193875/, accessed April 2020).

46/47



7} 7to|Ea}el

.T.|.°1

HH A
=1

20219 07€ 30¥

Q)
=

R

A
A

©)
g

7+ wtol

o

AP A2 A 7}

OFEA)
-1 ua

©)
g

7+ wto]

oF

NA
5

AP A2 A 7}

2ok

71 ufo]

AP A2 A 7}

2ok

7+ wto]

mr

B

043) 719-3451

3 ¥

043) 719-3450

Alasto] FA[7| dHigH L

ul

tod =2t

=5 FHMdE cts

7l

0

o

i

==
1o

il O] X| (www.mfds.go.kr) > =2l

okl B
MO EH

47/47



