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DNA #1& Zzto] o} {3 7hgsiy, x4
Ao 2 WY7|F (immune system)E A3}
g JHZ fXE F JEE 2P EQ o)

8¢l plasmid DNAE oW HdEslo o8 74
A A Ay A&HA AEY 99 ¢ A
A Ho] FEHS Ho FUHT,

DNA vaccine0ll 2|®t MHC class 1 3t I
HoHd T MIEBHE9 RE% (DNA vaccine
induction for MHC class T and 1 restricted

T cell responses)
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€ o8 WAL Rl THEo

#¥E 4 Jon, s 7]do] eAs] o AE FAFOEN MEA FYo2 Q4 H
E Hgue-g feth E£E cDNA FFA4 g9 A AJA E(antigen presenting cell) o] ¢
Aol A (antigenicity) & ZF&stEE sted &) 2 A ZU o] (endocytosis) 2}t
i A g g AT S RS ggo] MEAUWE olF3td MHC class Il
ZAEGAIZE HasA g, ol I molecules® 5% &9 A H2E F3lo] g
ol g&lad HZo Wolff 50| reporter gene©l Yol MEEHOZ FHEo] MHC class 1T Al

A CD4+ T AT 84318 T3l 3
U AT 2o ZREAE 7T (effect cell

234 plasmid DNAE Z8&FAF Fo] 2y
= . 8¢le] DNA7} &

E AE BIE o5

Fig. 1. Presentation of Antigen to T Cells through the MHC Class [ and Class II Molecules.

‘Panel A shows the endogenous pathway by which intracellular proteins in the cytosol are cleaved into
short peptides (comprising 8 to 10 amino acids). The peptides enter the endoplasmic reticulum with
transport-associated proteins (TAPl and TAP2) and bind there to MHC class I molecules. After
binding, the complex is transported through the Golgi apparatus to the cell surface. where it can be
recognized by cytotoxic T cells (CD8+). Panel B shows the exogenous pathway through which
antigen-presenting cells take up extracellular proteins by either endocytosis or phagocytosis, MHC class
II molecules in the endoplasmic reticulum pass through the Golgi apparatus and enter acidified
endosomes in which the foreign protein has been fragmented into peptides. The MHC-peptide complex
is then brought to the cell surface, where it can be recognized by helper T cells (CD4+). Depending on
the type of helper T cell that binds to the complex, B cells are stimulated and antibody production
augmented.
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system) E& 433 7ItHFig 1.
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ANAZE Bt AZIY FPoE2A HAEH
Ho] H&#H o] MHC class I A3 CD8+ Al
Z=4 T AE (cytotoxic T cell) ¥ F%
&t MEA WS A ZITHFig 2)7. o
EE4¥NM influenza vhol2l2", Hepatitis
B virus'"e| @l d-g 738 plasmid DNA
& Al FAR WAl R EH (gene vacci-
nation)& Al#§ o wpojg i Ho] MEZ/G

Fig. 2 Molecular route of a DNA vaccine.
Naked-DNA vaccines are plasmids that contain
a gene from the target pathogen. in this case
the nucleoprotein gene from the influenza virus.
:Gene transcription is regulated by a cytomegal-
ovirus promoter element in the plasmid. The
DNA plasmid enters the cell and nucleus,
where the gene is transcribed into messenger
RNA (mRNA). Nucleoprotein mRNA is transl-
ated into protein by ribosomes in the rough
endoplasmic reticulum (not shown). In the
cytosol the protein is cleaved by proteasomes.
and the oligonucleotides are transported into the
endoplasmic reticulum. where they bind to
MHC class I molecules. The complex is trans-
ported to the cell surface, where binding to
cytotoxic T cells and stimulation of cell-

mediated immunity occur.
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AgE Ho] FYcK Table 1).

I EZ DNA 9 A&8He] H$ols o
A A8 AY 7ol gE Houteg ¢
wahs AE WA HAoH, o) fH Al
gl ot Agntgo) Wsl= dd=r) 2
FoAME #aHoz T Utk Hsu® $2 AW
ANEZ] 2 dF Der p V FAAE
plasmid DNAo| ZE3}sled rate] og] 2890
B FAE & 28N Hole oF 671 Y7A)
Der p V @i o] FHHT &S FA3A,
THAl Der p V @ 2R vz oz 23] 84
2 (primed) & 3t3 oAl &g Alszog
Mol E 7311 Der p Vol thdt Bo) [gE
A gk-go] ojnl A AA =AY £ JE 7
ek AR H A MY A BEalE A
FolA e et frelsk 9v] A 7ad
& Bo Fov E5H FHolx ¥ CD8+
T AZE FFH2Z Hojd HME o]9} 7
& AAEARE HoAAM ol CD8+ T ME7}
CD4+ T A Zoj thale] Fa&S vHA del27)
Ph3ol igt FaENE fEy ddsiy )
o OE FoA O Rdo] =g AMeE
BFAME w7 R 2 WAl X Fye) &
He27] g JAskE Ag B F1 9o

HATAIAZ0) ME & MAIMES At

DNA H4l& difEe uFA & 285
Atz B}, dRoME 3 FE= vz
g Fof Foli WYuho] dojgdg waksly
o JFARE HeEAlubss AREEle o
E %2 DNAE F9lsts oy, His} 3
292 S §-ShERl PR 9 Re] Aol A
28 AF E¥EHE HolIE WA 7)5o9)
% wgslo] Aok Langerhans cell oy 4
ZE7IME (dendritic cell) E& 3% 238

T 39S YR &9 F AANsl T Alx
€ BAsIIE 988 @ FELPAME
plasmid DNAE W FA} ¥ o] &A=
M E (keratinocyte), AFEAZ, FAE7)
AE ZFe] AEE] iy AzAYolA &
o] FHHY U&E HAYFT 9lon gene
gung ©l§F M WA A8YL AHE 7
SOl VAR AHAHSE FAEY A2
AZWHE Hoj@dol dojd Foj Fujg 4
doHE olFete T AlE9 278A3E §5
= 2o g AZET 9on, oyd A4S &
Az A AEHE A F 2447 Uld ¢
g4 DNA7F Holg 487 A2st wd
Ho2X =AUk DNA HAIE g FA138}

ol gk M AR AL FE &5 T A ARelA o] dAHoE RHs
Th2 ME9] weg &g ZAFPozA dojut A F FA ANAEEC] o] FEE T4 ot
oty Adsty Qo Holl e T MEoAA AASH, T AIZEC] 2

Table 1. Invitro production of lymphokines by B-gal-specific splenic CD4+ T cells following gene,
protein or no immunization

Immunization IFN-r (pgml™) IL-4(pgml ™) IL-5(pgml )

pCMV-LacZ 741170 {2 2

P -gal/saline 10 12421 14.7+42

B -gal/alum <10 351424 642151
None <10 2 <2

* Plasmid-DNA-immunized mice were injected intradermally with 100pg of pPCMV-LacZ three times at
weekly intervals. Protein-immunized mice were given single injections of either 10 z#g #-gal protein in
saline or 1 #g A-gal protein in 3 mg alum. Mice were boosted with 10 #g of B-gal three days before
sacrifice at week 9.
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60 A9 FreundZAM ZAF FE2E AA|
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A 715e FHAAL GOE WBE FE

4 2 Thsael dems 2mel R
v, gAEE o] gHEe s e
Aol o Qu2Ae] DNAE 6o FAkA o]
MIBEA £ RAgol Lol & Ak
Al g A7t 27Eg AAZE
plasmid DNA AA7F S22 G5+
T 5 AR el o @R
4 FE4 RGNS Z7IA7E, A
Zwhee fEalA g AoR ¢HA A

ol of :[o

Promater

ampR &

Artigen

cDNA

terminator

|
|
Plasmid backbone |

Adjuvant effect |
- Mitogeric effec! |

Transcriphion urkt

Fig. 3. Plasmid DNA for gene vaccination has
two major units: (1) a plasmid backbone that
delivers adjuvant and mitogenic activity via
immunostimulatory sequences (ISS): and (2) a
transcription unit comprising a promoter, antigen
¢cDNA and poly-adenylation (A) addition seque-
nce, which together direct protein synthesis. 1SS
are shown schematically as being located within
the ampicillin antibiotic resistance gene (ampR)
and the noncoding region of the plasmid. Althou-
gh antigen synthesis requires sequence integrity
of the transcription unit, this is not the case for
the adjuvant/mitogenic  effects, since ISS-
containing oligonucleotides exert the same effects
as [SS-enriched noncoding plasmid DNAs.
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