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Evaluation of Safety of Streptococcus pneumoniae DNA Vaccine
in Immunopathological Aspect

Jue-Hee Lee and Yongmoon Han®
College of Pharmacy, Dongduk Women's University, 23-1 Wolgok-Dong, Seongbuk-Gu, Seoul 136-714, Korea

Abstract — We have previously reported the minimum criteria that can be applied to evaluate efficacy and safety of a DNA
vaccine with use of Streptococcus prneumoniae DNA vaccine (SPDNA). The SPDNA was formulated by inserting the DNA
sequences that are codons specific for the carbohydrate epitope in the capsule of S. penumoniae by phage display peptide
library. Administration of the SPDNA into mice induced both humoral and cell-mediated immunities. The induction was pro-
tective even in the absence of CD4+ T lymphocyte in mice. Profiles of cytokine and isotyping of antibody displayed ten-
dency of the Thl. In continuation of these studies, we examined if the efficacy of the SPNDA was provoked by the peptide
recognized by codons specific for the capsule. Results showed that the peptide vaccine formulae (SPP) induced protective
antibody in mice as did the SPDNA. Involvement of the cell-mediated immunity was also determined. Possible side effects
of autoimmune diseases such as myositis and C3a production and tumor-formation were undetectable in mice given 7 times
of SPDNA vaccination during entire of 92 days. Even after the frequent immunization, immunogenicity of the SPDNA was
observed as determined for antibody production, suggesting that there was no immunotolerance provoked. All together,
these examining factors would be applied to measurement of a DNA vaccine safety regarding the immunopathological

aspect.
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A=A B AT AT 9= DNA AN
2 74934 @B (infectious diseases)ol] T8l A-go)0), okx]
(gene therapy)el = -5-80] i k! Fake) 49 P9t
T (anti-tumor antibody)E FrotAl|el] AdEle] QaERt
e FAA Aol AdE L gledl, o] el
2)3= DNAZ encodingd}o] plasmidel] 4+%15}¢

19] 7iido} A€} o]g} 7+ DNA =ale] <
A& FAAANME A 283le] CD4+ 2 CD8+
T lymphocytesE 4318197 specific memoryS 2t A HAdA

o (humoral immunity)& FS8FAL, AMIE (somatic cell)ol 2
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A #Z-g3lo] CD8+ T-lymphocyte?ts A 3l3lo] Aol 714
WA (cell-mediated immunity : CTL)S ZHg-A17A ) HeHo
285k o] oD ols} 22 FE zk: DNA AN
2 AAAR FAZ FhF v FoldE o] 109 | 25H
% At I Fofl 9or, DNA B9 g5 Y ¢
obAd Aol thet Hrp1sS HHstka Yok 7y 98
TS SFUIR Foghs HoZ Qsle] Qhdidel tigh 4
AAE I QT &, 3| FAEE vector(EE plasmid)yE
Sk &Ale] 48497 DNA 9i4l9] RdR 27} 2 I8FA}
A wjFo]] antigen processing o\ A E) TSt 3
7 A9 =le] A7t A%Hautoimmune diseasesyS L3
RE FALo] Qi oZ A4, ZHol Aol % HAAlthe
complement system)E B]E0)8 02 BA3lsle] C3a & Coha
7} B E o] BEET 2 AHEEe 9o £ kS0
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&, DNA WiAl& Fol B2 =3 oA o] A&7l
processing® 2 232 WA (immune tolerance)] FLE]]
= 3R o)y EdolM, FolA R} HF SIS gt o}
7} FR8HA nEEY, AF-FAPT S5 fFRA] FEEA #
AE oPIXA F% QU] wiEe] DNA 9] fa4d 7}
T S8R e} Ay faE <A ks FesH
aejEct

HAHTE AGH HH, oI, HEFE 4ol 8%
AT R XEx T2 FAAl ARSEAT H o= 3
Al gk UdS7ER skl Wi E AlgEol Ml 34
FE7) A FoA 192 Busz Q¥ 712 HyT7g
AR 237} WAL TR S FYO R dlof Axg®
Aoz 4 d T AEEHI ot 241 n)ke] fofg) ok
AlAlE A9y v g%t okl Qg Fakgo] wor 19 o
AFEAS SRE7] A3 s A (conjugate vaccine)
o] FA Ul AREE 1 QI o] HgMa e HAFTFY th
I ool @S Fasle AlzEo] ®994 (immuno-
genicity)> FREA|E 17te] vl g o7 AUEdETh 3=
o= ARGl Algto) It o)o) ulsiH DNA #lAl2 7
o] g1 ulgo] ARt 7] 7l=dt uie} 2 - 9]
A7 Aot a2EE WAle] fFENE Fesht kA Bk
71E2 WAAE R o] B2 A aeisteiof divh. DNA
WAl el feA U g% A e Hekt B
7t o1t bpdel] w3t AFA TR thh REI AR F
2 719 (autoimmunity)®} Ui (tolerance) 24+ B]AAFAQ]
AWkl tist Bt gt olF k] sk, 1) DNA
wAe] Q9 HEARQ ZKOE FJA] ZHAHE plasmid
vector® AEE o)At S EA AE7} v)gtshg o
=59 Tlymphocytes®] EHo] Hof ArtdAY 54
(autoimmune myositisye ¥ °717|% 31, 2) We7|E0] vl
S8 froht B3t eQdTolA BHRESo] FEHA kobA
cytokines A2} AEFAIRES0] FEEA] e WG Ao] 4
4 5 QB o] AKRS: mEslo] & AFoldE DNA
A9 FE Hrieh AAE kA FHrh g9 {8 |y
HeEtA Sdex g HAAE flaEl 2 A7l iR HHET
T (Streptococcus pnewmoniae) DNA ¥AS o] g-ato QHAAIH
7t wiE AAstaAt st

o] DNA WAl 844 sd 772 =5 Phage Display
Peptide Library(PDPL) **]| 1%} peptide mimicking® = &
FIES WeP| =813 e ARt 34 RS Eol1,
AREHA specific memory7} FEHES T I FEYS
ZAVE v} QTR0 S pAnbe A2 EE @7 DNA ¥
A1) ek n} 2Hg7)A B2 i AGHA A7, HY
T DNA #2le] g@3kE 3718 ddsdt fYetole =t

ok

Mo

AZ HAHTF DNA B2 &5 vlwsle] ¥ao| =i g
7] ZpAel] elgh ARIAE gelsha o] HAe Eal A HEst
WS AAStTA} sl £ HEAL AGREA, A7hd
HAge] Al 2, C3 AT 75, 53749
ZoF54S Edmoson grade®™e] whe} Aaska, 71229 WY

e W Y

o5 ¥ Hi=Z

S. preumonige serotype 4= ATCC(American Tissues and
Cell Cultures)ollx] TF3te] EAuX|(Blood agar; Becton
Dickinson Co., USA)®} BHI(Brain Heart Infusion; Difco,
Becton Dickinson Co., USA) AAlAE o] g-8le] 37°CellM i
¥l HelE A7 2] 742 BHI HAlnix]of] sljoFst #HE+
TAEE dFd QALE2 N(DPBS : Dulbecco's phosphate
saline solution, Sigma, St. Louis, MO, USA)2.& A&t th&
o] 500 nm FFENA 012 sfof BFH nPBe R Mzt
0,3, /qaq_'zo-zm

S

4597, 679, 125792 BALB/c 4RA8F 3 5792 2F
(rat) [strain Crj:CD (SDYGS}Z Charles River 174 (USA)
A Ao, FEEL Hid &3 AlE (Orient Co., Seoul,
Korea)s AMH87 HEE si5ith. 552 2o} 37]oapg
27} ¢l ARAlAAN B3I, ARAE &% 2242°Ce]
A AUFEE 50~60%Z AR e 12417t o
7} o] REREEE 23l Wi Ade A HAE
12752 HHE 2 AN 12578 o ARSSE 3 A3 AL
g3t

Anti-peptide X484 S5 FoHY

# g 7 DNA Al A€ 9714 9& Codonoll whet
A E peptide?] &5 ZAFE peptideE DPBS(Dulbecco's
phosphate buffered saline solution; Sigma, St. Louis, MO,
USA)ll 10 pg/miz £33k, CFA(complete Freund's adjuvant :
GibcoBRL, NY, USA) 1mish ¢ste] detet A& A47]o]

1200 W Bow REofdty 35 3 F WA WSl = CFA

thAle) IFA(incomplete Freund's adjuvant : GibcoBRL)®} &3¢
9 TUZ peptideE FoIslint. A ofF= 23] WY
Z 15749 o @& FHs dF7F U EAQY-
Pol)?2V& 32 ug/wel) 2 A 3 96 well plate(Falcon,
Becton Dickinson Labware, NJ, USA) ¢l 37}3}11 peroxidase
conjugated anti-mouse Ig's polyvalent(Sigma)E 22} A2 AL
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777 DNA #319] Ho]

k=

8t3] Zwlolle] QkA St 35

o

8-sfo] ELISA W o= 2AsSln 497k 94& DPBS
2 1004 AN F FU ELISA e A5

T EUA AR peptide HAAF(SPPIOE 7] 71&3t viet
2ol AAE WM oy AR TEE nedYos AN
T AEARME S50

HIZDHe Siefuts 24

658 Aol sEaIRN FYskA BT+ DNA vaccine
(SPDNAYE A3ty atete] sl8 7 @24(JY-PoD)S 5pug
(volume=20 W)X 9= W (footpad)ell FAKIAL #5 wulet
i TEFE HNNE FUT vh, 240RE) 4803F o] dial
thickness gauger(Miyutoyo : Tokyo, Japam)= $5= S35
Ch202D 7t 2ol AMgE ARE srhEglen 33 wEAY &)
sith. JY-Pole & Aol ¥eld HHTE Yukow gole)
glucuronic acid®} glucose T7)15 <145} 202D

SPDNASZ QI8 ZQHury 244

6792 A7 3001218 SPDNAZE 1, 22, 36, 50, 64, 78, 92
ol 2+ 131 B 73] AFFe ohs, AH o, A%, 1)
e AEs] 7 A7IHH) FFYY ARE Fst 7+ F
715 3% % B(cryosection, Leica Microsystems, Nussloch,
Germany)3te] Giemsa stain(Sigma)3t % 4w} (Olympus
CX41RE Japan) stellq Z7|uji-2] Hadels At &
FUixd AFe 5Y8 FI4ESE DPBSE 5UH FoI3191
t}. 7= Edmonson grade™2 2 g310] ZAMsac)

SPDNASE QIgt XI71HE s Z{4Y

DNA ¥4 #2803 27pAdAge] 4FA AFAE LA
7FsdE AR, 471 71ed WHAE SPDNAR 6578
AAE 78 AT o2 30U Fell AR AFE HE
3}] homogenizer®? FAsHA 43 th& S gaEs)
2 FRsta oA Bt FH7327](Freeze dryer FD-1000,
EYELA, Tokyo Rikakikai Co., Japan)& %2315t} 535 A
EE 96-well plateol] 20 w/wellZ 371513 hood ki 720
HoE FRT gl 23 €42 anti-mouse C3 antibody
(Pharmingen) 2 Wr-2A17) & DPBSE A& 3}1 peroxidase
conjugated anti-rat IgGE X 2]} OPD(Sigma)s ¥h&A1AT)
0E WS F, S o) WS FEAN O
microplate reader(Bio-Tek Instruments, Inc. Winooski, USA)
2 A3

T MRS 5EFHS WAH SPDNAZ AF(15
e 73] HESkL 30Y FHE 24030 A0 E 347 A
o] A4S BT AP 40°CE -FX]€ hot plate?]
o Blo]AROmHE 1 7 BHE o R ¥ oy, A7
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g FAHEEE A5t vlolA kel 3 Wgkoz Fast
EF 3lo] 3% B¢t AAFE S £E TY A
5 S (hind leg)e] BE AASE 224/ (systemic lupus
erythematosus; SLE) o355 #asi3ic}

SPDNAGI 2/8t 2eLiM(immune tolerance) ZA}

AW 75 oIR8 AP Y8 AR AGA o
£ A8 AT 159189 6503 A3 SPDNAS
ANA Fo3lael 23] AFS vy 79 Foll 8L 5k,
TUABF 33] FEetn 79 YL e WHo R 4, 5,
63] 7} AE FoT HE& FAs ] FAYYFFE ELISA
Ao 2 A aAsigith B A7 AAHA gon
immunosuppression®l 218t WAAUPdo] kg ROz 715
t}. o] A3l oA, 23] AdH HHF scheduledl] whet 45
B3k 247% 87 SPDNA HE $ A& S48l SA84
ATE A 2 159 AFE selegich

Anti-mouse muscle cell &4

Anti-mouse muscle cell @3 F2E 3, 50°ColA 108-7F
AAg] 3 AFZEAE(NOR-10, Korean Cell Line Bank)E &
Frat)?] B7OZ 200 p(2x 10° TEAHZ/m) ¥ F<leiich
SANET BFHNE FU¥] FHADPBS)S FUARERE F
oatsict. AT 219 ¥ welEdelA Mgt e +4st
o anti-mouse muscle cell 4484 ELISA WHog sist
Atk 2 FUE] ZEATE AHEIK T ©] anti-mouse
muscle cell 3|2} SPPE Wol® W7 ollA =33 anti-peptide
FAle) Fd-ZA w82 ELISA™ wpfo g sl

A

RAEES FAY #2192 Kaplan-Meier Test 4 (Systat 7.0;
New Statistics for Windows; SPSS, Chicago, IL, USA)© 2 At
Z3Itt. dixr 7] njmalR e = P #lo) 0.05 2o}k HE 7
T 40l e R st

4 1

SPP Moo= &0IE SPDNAS| ®|oiM oS3}

SPPZ ¥ AF )4 Anti-capsule(JY-Pol) 33|44 o) &
ZAFE, HE e 5014 EAlEAo) AMEULL 110,000 3
Ao s ghnkgo] YeRdth(Fig. 1). SPDNAS] H.$ 7 .1}2122
7} €3lEo A peptide® AgHE Sr7) o] FASEo) oJst A
A 7] f8 TEARS § A7), SPPE SPDNAY %
UsHA] HHTFHOZE At A 7ol thsto] Agaart 9l
S o 47} SISItK(Table I). SPDNA® Holg Az o] HEA]




36 o8 - BgE
1.0 1 Table I - Active immunization by the peptide vaccine (SPP) en-
e hanced resistance of mice against systemic pneumococcal
£ 08 disease as did S. pneumoniae DNA vaccine (SPDNA)
g ' Type of immunogen MST! (days)
2 06 SPP 42.2+165
g SPDNA 37.4%15.6
2 Diluent only (control) 10.1+0.89
=] J
2 04 Note : 'MST stands for mean survival times (+S.E.).
_§ Each group contained 7 mice. The MSTs from SPP- or SPDNA-
< 02 immunized mice were longer than the control mice groups
(P<0.05).
0.0 T T T v T L
7/ Zp /00 /000 /000 /000 ) . )
v F9eld SPDNAS] &= H9E {14)8k= DNA sequence°l
Antibody Titer % 9% DNA #ilEs gl Brbpos Almar.
Fig. 1 - The SPP specific for the capsule in S. prneumoniae induced '
anti-capsule serum in mice and the antiserum was detected SPP Xaoz 12l SPDNAS] MEOHHA cieis T
up to 1:10,000 diluted in DPBS. The serum was collected I8 &2JE SPDNAS) MZolphd ‘__13""_}
from five SPP-immunized mice. Error bars : S.E. These SPPE W d AFE SPDNAE HYH 879} FUsH JY-
experiments were done in triplicate. PolE 72t & AT Ao £HET v)wsld 2447k
T 48R Fofl A2l FUTE 5] F5-Fo] A Eo] AlEn)
e SAUET vlw e o, AEA00] AL 304 ol A% N "o fEgo] ERIFUTHTable ID. AT SJh
Holow olg frlelA] SPPR Wod TES AEEE Boll 2T Aole thEF 20%~25% B A2 fadel 33

o} o] A3= FAFOE Foldo] UATHP<0.05). o] A=

THP<0.05). ©] A7+ SPDNA AH-¥ plasmid(LAMP-1)7}

Table IT - The SSP that shares the same epitope of the SPDNA induced the cell-mediated immunity as did the SPDNA

SSp SPDNA DPBS
DPBS JY-Pol DPBS JY-Pol DPBS JY-Pol
Footoad Thickness* 24h 68.9+53 82.6+5.6 67.9+4.9 84.2+37 63.8+53 63.1+4.2
ootpad-1hickness 48h 66.7+43 76.2+3.9 66.8+2.7 79.5+3.7 63.3+3.5 64.8+3.9

Note: *Arbitrary unit means the measuring unit listed in the dial gauger.
Each group contained 5 mice. Error bars; SE. Differences between in experimental and control groups in the SSP and SPDNA settings

were all statistically significant (P<0.05).

Fig. 2 — Examination of cryosectioned tissues of brain (A), kidneys (B), and spleen (C). Top panel: immunized mice; bottom panel :
unimmunized normal (control) .mice. Each tissue was stained with Giemsa and examined under a bright microscope.
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vl DNA wlo) mopgelary ol b %7t 37
Fo] njR|A) k= Aoz Y, (A) (B)
1.2 1.2
SPDNAU| 2|8t Tumerigenicity 7F=4) B7} " y [L - [
2% 15918 4F] 90U B9k 6319 SPDNA WE? & 4 c S
P9 18 AZslel A71nd 2T §Y A9 AP S 08 S 08
2719 N TEPL W, o] AAEA = Ao B 3 = i T
Chdata not shown). o] 234% =Rs7] sidf, W1 dsIE  § g 0
dod o, A, WAEAS APBAY 2AS A2 vlaslel & o4 T 04
U7 sel BAR A3k 2AWTANY FHIYE BRI 2 <,
FATH(Fig. 2). ' '
O.OD OOD
NMS 4wks 24wks NMS1 2 3 4 5 6

SPDNAGY| 2|8t X7\ HSAS R Lot

AZPAS A FFsA 7R A o)A, SPDNA HIHES
ko A9l Hkx] okl (2T A C3a WA 2k7F
Ao7F Aot AFLAE ud uf o] Alol= f2)/de] ¢l
£ AR AXTHFig. 3). TEENY AN YBo R e
A5 Ao, 8T AR AR dze Ay g
42 212} 5.6% 1.9Ymin(BF T SE)H 5.8+ 2.2/min(EH T+ SE)
o= A Aske BRFA gron], WAHES k2 AF )
ok 258 diR2T 257 vE ST 55 X
B om U] LA P (systemic lupus erythematosus;
SLE)E. Za=A| ¢kkth(data not shown).

& i

(F
AQ

o 2 rJ

)

3

SPDNA2| HLHY TI}
2457 A 45779 A9 AN

ev wBAHTY
1.2
1.0
0.8

0.6 1

0.4 1

Absorbance at 490 nm

0.2

0.0

La— Y

Unimmu. Immun.

Fig. 3 - Supernatant of kidneys from the immunized mice resulted
in increased amount of C3a. These results could be caused
by continuous activation of the multiple injection by the
vaccine, which, however, seems to be meaningless when
the ELISA values are considered. The unimmu and immun
stand for unimmunized and immunized, respectively.
These experiments were done in triplicate. Error bar : S.E.
Each group contained five mice.

Vol. 50. No. 1. 2006

Fig. 4 - Frequent immunization caused no immunotolereance.
Antibody was induced in mice of 24 weeks of age (A). As
compared to their antibody titer, continuous immunization
(B) of mice groups during an entire period of around 14
weeks still provoked antibody production, in which there
was stepwise-increase of the antibody production. These
experiments were done in triplicate. NMS stands for
normal mouse serum. Error bar : S.E.

BF FAYY Y2 VPIAT vlmshel ol 35% A= 7
&HchFig. 4A). o] AHE AT BAHES Ve AT

FAYY A=) vlustd 33 HF o]F
AL X&H o8 SxE A 7}7} S7FsIAtH(Fig. 4B).

% APAANE 1A, SPDNAS] WIS HE:o 7 ahaAgA
0.5 0.5
£
E ow
wy
A
§ 0.4 g «
Q
8 _§ 02
T 03 z2 o
50 <o
o 0.0
(] Unimmu. Immun.
g o02]
<
o
8
0.1
<
0.0 1 T
Unimmu. Immun.

Fig. 5 — Anti-mouse muscle cell antibody had no interaction with
antibody specific for S. preumoniae capsule induced by
SPDNA. ELISA analysis displays presence of the anti-
mouse muscle cell (cell line NOR-10) antibody (inset). The
unimmu and immun stand for unimmunized and immunized,
respectively. These experiments were done in triplicate.
Error bar : S.E.
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& 98]8 Z7b} slo] ML REEA G RO By
k. 4, 24599 AR FARY ZaE wHow AT A
97 wele 3o 7]8 2o 29w} A,

TRM=Z0i| chgt SPDNAS] &k

o] A% AptHASe] Brpos SPDNAZE 79| &
SAZE HEAA ZHAE izt FAPYQT HAETA}
e H2kg 7hsde 2R Yg Ao E gk vt
o] oem Fargo] kgl o7 7RSIt WA, AHY
THAEE B FE5H F 7€ A lA anti-mouse
muscle cell A4S #<13}7(Fig. 5. inset), ©] anti-mouse
muscle cell A2} anti-SPDNA &A1) wks- A3} AY e A7
o}tz AF ) A9 nlszsil A4 =Qon] ulAg Aol
ELISA 215 133 o AP AR o Ferh(Fig. 5). o] 27
¥l SPDNAE ZS5AHEe 985 4 E52 ¢ F AUt

A713& BF FE8HKs DNA BAEE AlAZ A2, on|

AT AdR=7IeAE DNA WAkl st B A77F I3 Sl
k. 3, AR-RAAE sFUR T8 wigel ki 3
=

& F7Y H2AY Aol Fo8tA T EHT 9l Alolth
FQ FAEL AFHAAS L Ve S50l Fdo]
EAFFo 7 Qste] FA o] FHEE HYUol {EE &
At o] S9 o]2Jo & foreign gene©] ST HMUA ] B
(integration)=l= A% 71 wWhEol, & A7lAE DNA 4l
o Abg-d HH UAKvirulence facton)E U2sH= FAALe
oist AR gRlo] kA Hrtel) 71 FeskA 1EEA
ok 24 AYde DNA 714499 codonoll wet B3 €
peptide®] I FE4E DNA #AAH ] a3} nwslsict,
peptide vaccine 1% (SPP}& DNA #1211 (SPDNA)# A9 5
3 3o Aoy ey Mg ddge] EH%y, &
AFEAE Fask] FAHE7E7E 10,000 o1deldct. o) F7bE
HE DNA ©lale] 555 8}l AFshe F7Pos 24o]
B 3719 498 1EE & e PHeR AlsEnh

HIE $l9} o] ERlo] Hivt strjatz kS e 5
T §l& Zolh. ZEE £ AToAE DNA #A1e] ARl
F221 TS ArAdAR rhedE AN AR
9] A9 Brh=, sl A7 St AeHETS o Fol
o, A% 81 54 A7NE HEele] A7|EHT 2A U9 £

HHRLE AT AR =3 8F 9 vlaelAE, Ao

N HliE F 7 Ao, 2atgo] 1t st AR 677
o] BFAE 1rAHe] 20012 Pgeiche 17~18 J1Ee] AR
AzkAH O Z 70~80cHe] mH | FPgTha & 4= Qltk. o] A7
X A& SPDNAS- 23] HFC R FA7 f= HE WalA
A2 o3 7|7k Bl Walg AF ] £FAIE ool ¢l

A7 ASHQ AAHA AGPIE Qe Aoz FYET
o] F7PIRT S, BAAL] S A €3 BYo= A%
C3a 449 S71o1F 2ARE Qv)7} it &, 2ol e A
oA HAGAQ BAA EHO= Ca AYF7H AHEgd
o) 4FQ #AEY Y Ao R AR wRo|th. ¥
Aih= HejE AFelx o] C3a T/ YA, olBA M
AAF)Y A&H] Ao e AFH Yo AT Y &
= it AAIZ C3= 56°CollM 30% F<1ke) 2l shejd
E= gell oild o] AR Aol ui7t g A0 e
o OE FHosE, S 23 639 HAEH A
Adste wefsfol & Zoloh, Fshii-e] ZgAEe] tigk
F= 2ARBY] S8 anti-muscle cell FAE o] 83 HAEF
A2 FAEHAL Hrh= 71BZ oM E F23%F DNA #21e] <t
W A DR S 283 Aol vt ek AkR gt

FEshE, ¥ APelMc DNA We) ki Brle) 7184
on Il M F7PPHE HHTE DNA HAE o] &
3l g7ketgiet. AR SB7PHEe] Aol Etel i A
FEIL & g lou B7pilel Aadte] FeRTAER
2849 7oz 7lydc.

#HAe| &g
€ A7 2005 AF oAby SYATE BEY
3771/ EA T (0509228218 380)2] ATA| 9o F3E

R o]o] FALEH YT

=
Fal

Ao

1) Klinman, D. M., Takeshita, F, Kamstrup, S., Takeshita, S.,
Ishii, K., Ichino, M. and Yamada, H. : DNA vaccines: capacity
to induce auto-immunity and tolerance. Dev. Biol. (Basel) 104,
45 (2000).

2) Donnelly, J. J., Ulmer, J. B. and Liu, M. A. : DNA vaccines. Dev.
Biol. Stand. 95, 43 (1998).

3) Donnelly, J. J., Ulmer, J. B., Shiver, J. W. and Liu, M. A. : DNA
vaccines. Ann. Rev. Immunol. 15, 617 (1997).

4) Wong, S. E : Cetuximab: an epidermal growth factor receptor
monoclonal antibody for the treatment of colorectal cancer.
Clin. Ther. 27(6), 684 (2005).

J. Pharm. Soc. Korea



#HF7+ DNA #jale] |

39

5) Marsac, D., Puaux, A. L., Riviere, Y. and Michel, M. L. : Ir vivo
induction of cellular and humoral immune responses by hybrid
DNA vectors encoding simian/human immunodeficiency virus/
hepatitis B surface antigen virus particles in BALB/c and
HLA-A2-transgenic mice. Immunobiology 210(5), 305 (2005).

6) Wolff, . A. and Budker, V. : The mechanism of naked DNA
uptake and expression. Adv. Genet. 54, 13 (2005).

7) Ellenberg, S. S. and Chen, R. T. : The complicated task of
monitoring vaccine safety. Public Health Rep. 112, 10 (1997).

8) Cichutek, K. : DNA vaccines: development, standardization
and regulation. Intervirology 43, 331 (2000).

9) Quigg, R. J. : Complement and autoimmune glomerular
diseases. Curr. Dir. Autoimmun. 7, 165 (2004).

10) Karin, N. : Induction of protective therapy for autoimmune
diseases by targeted DNA vaccines encoding pro-inflammatory
cytokines and chemokines. Curr. Opin. Mol. Ther. 6(1), 27
(2004).

11) Rice, J., Buchan, S., Dewchand, H., Simpson, E. and Stevenson,
E K. : DNA fusion vaccines induce targeted epitope-specific
CTLs against minor histocompatibility antigens from a normal
or tolerized repertoire. J. Immunol. 173(7), 4492 (2004).

12) von Herrath, M. G. and Bot, A. : Immune responsiveness,
tolerance and dsRNA: implications for traditional paradigms.
Trends Immunol. 24(6), 89 (2003).

13) Bosarge, J. R., Watt, J. M., McDaniel, D. O., Swiatlo, E. and
McDaniel, L. S. : Genetic immunization with the region
encoding the alpha-helical domain of PspA elicits protective
immunity against Streptococcus pnewmoniae. Infect. Immun.
69(9), 5456 (2001).

14) Ogunniyi, A. D., Giammarinaro, P. and Paton, J. C. : The genes
encoding virulence-associated proteins and the capsule of
Streptococcus pneumoniae are upregulated and differentially

Vol. 50. No. 1, 2006

expressed i vivo. Microbiolog, 148, 2045 (2001).

15) Gregory, B., Lesinski, S., Smithson, L., Srivastava, N., Chen,
D., Widera, G. and Westerink, J. : A DNA vaccine encoding a
peptide mimic of Sireptococcus pneumoniae serotype 4 capsular
polysaccharide induces specific anti-carbohydrate antibodies in
Balb/c mice. Vaccine. 19, 1717 (2001).

16) Rose, M. A., Schubert, R., Strnad, N. and Zielen, S. : Priming
of immunological memory by pneumococcal conjugate
vaccine in children unresponsive to 23-valent polysaccharide
pneumococcal vaccine. Clin Diagn Lab. Immunol. 12, 1216
(2005).

17) Whitney, C. G. : Impact of conjugate pneumococcal vaccines.
Pediatr. Infect Dis. J. 24, 729 (2005).

18) Tidball, J. G. and Wehling-Henricks, M.
inflammation in muscular dystrophy: potential implications
and relationships with autoimmune muyositis. Curr Opin.
Rheumatol. 17, 707 (2005).

19) Abraham, S, Begum, S. and Isenberg D. Hepatic
manifestations of autoimmune rheumatic diseases. Ann.
Rheum. Dis. 63, 123 (2004).

20) Han, Y. and Lee, J. : A pneomococcal conjugate vaccine formula

: Damage and

induces protection in mice against disseminated disease due to
Streptococcus pneumoniae. Yakhak Hoeji 48, 345 (2004).

21) Lee, J. and Han, Y. : Antibody induced by the JY-Pol
pneumococcal conjugate protects mice against systemic
infection due to Streptococcus pneumoniae. Yakhak Hoeji 48,
369 (2004).

22) Lee, ].-H. and Han, Y. : Evaluation of a Streptococcus prneumoniae
DNA vaccine efficacy. Yakhak Hoeji 49, 484 (2005).

23) Edmonson, H. A. and Steiner, P E. : Primary carcinoma of the
liver: a study of 100 cases among 48,900 necrosis. Cancer. 7,
462 (1954).



