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ABSTRACT

Cancer vaccine is an active immunotherapy to stimulate the immune system to mount
a response against the tumor specific antigen. Working as a stimulant to the body’s
own immune system, cancer vaccines help the body recognize and destroy targeted
cancers and may help to shrink advanced tumors. Research is currently underway to
develop therapeutic cancer vaccines. It is also possible to develop prophylactic vaccines
in the future. The whole cell approach to eradicate cancer has used whole cancer cells
to make vaccine. In an early stage of this approach, whole cell lysate or a mixture of
immunoadjuvant and inactivated cancer cells has been used. Improved vaccines are being
developed that utilize cytokines or costimulatory molecules to mount an attack against
cancer cells. In case of melanoma, these vaccines are expected to have a therapeutic
effect of vaccine. Furthermore, it is attempting to treat stomach cancer, colorectal cancer,
pancreatic cancer, and prostate cancer. Other vaccines are being developing that are
peptide vaccine, recombinant vaccine and dendritic cell vaccine. Out of them,
reintroduction of antigen-specific dendritic cells into patient and DNA vaccine are
mostly being conducted. Cutrently, research and development efforts are underway to
develop therapeutic cancer vaccine such as DNA vaccine for the treatment of multiple
forms of cancers. (Immune Network 2005;5(2):55-67)

Key Words: Cancer vaccine, DNA, dendritic cell, immunotherapy

M 2

HHNEES At F3t= A959S Yehll=
™ 7FA] 7] 5 (immune surveilance)S virus 293 AARE
A Ee A4S -l 2AH IS 5= A
o= 4 Ath). 1YY AAdF o E It oA
X599 Afolle BEFAQ F1A =AMl Ed 93iA
AdE NZE Fdsel ts WY 7]so] AdHo
2 SR et FAEE JAW dYguES oA
ste BEAS 222 FHISAY Az tigh A A
doll D22l 3PS AAsHA| ¢47] Wl A g
A-FA AGHEES do7)A Ko, A= GAE
A4 B4, AT G

440-746, 7715 A BT FHF 300
Tel: 031-290-7713, Fax: 031-292-8800
E-mail: snpyo@skku.ac.kr

Immune Network

55

et ME=A T Al (cytotoxic T cell; CTL)E &4 5}s}
A Zato] afHoR HAEE AASHA KeohR). w
A HZolle s X =37 Y ey o= oA
X5 Eo|Fog it T AlXe 84S d¢He=
ZA8% F = A FE& Al (cancer vaccine)2] 7] o]
A =5 A THE,4).

M ale FAET AYE &5 0] 89 (tumor-specific
antigen; TSA)S 43} ol| Al FoJsie] A 2HS &
iAo 2 AA U i97es Agste dAEE
AAs = 54 AgAsHot. dAEE AAs =
ARSI A= T A E wh-go] 2HH O =2 FQ3lt)
CTLo| &A= 12 48] MHC class I35 &
sto] HA|2E B E Q7] WZolth T Al27t 84
3tx 7] el e E&H Y (tumor associated antigen;
TANS QA5HE 9ol B olte), 1elLt d4)
A LAE dFgY F olust U= A Al E o



56 FEun-Wha Son, et al.

gstel Solzel A0 AgEA 23 Yk A4

Sol W2 AT F2 A sh, BAAE

INE BHH7] o] FB FAL A48 99
AE A=std AHAETE T4%s 235

o Q% Age] WAL & 7] Wt
AF7A) gulle] ARE Ry A PSS A
g3 }%1%1 Ao m& e

A A
O]—Ur NFE dislso] 71&9 —H}LE fﬂxﬂo}ﬂl 5104
<d, olAL cytokine®} F-FA=EA}(costimulatory
molecules)E 43 3ste FAAES $&3t= Aot
©6). )Y % Y = F94 epitope) S ©]-& 3+
A WA(7), in vitrod| Al A 4A] E(dendritic cell)S} &
FAS wiFete] dAEZY FLE AAGA e G

w HON

_4A

A 8H o l A EEHATH). dHAle Fh FF 2
&9 Aol whel DNA A41(9), peptide ] 21(10), Al
FHAI(1D) % Z 4 + gled, 2 FdAE
S SUAA NEEtE AEE A7 DNA W Alo] 33

H
olt}. 58] DNA #j21& 714 #43 A guzle =
71 AL Qlof AF7HA] Al A A= %183814&
E 5 o] DNA WAl 7]&S 83+ o F

IL-10

// \
[ \4 Naive
Tumor-infiltrating Mature DC

macropha HLA & 1l
CcD28
g CTLA-4
Naive CTL

Effector HTL

A g FQ8 AR HEA @%}Oﬂ gk o

jq_t Dl-a O]—Hﬂ/\‘lf_’_ ?:]-/Lﬂio %oﬂ %_1:4

HAAE SN NEWAls ongn. 1

o] FAAZ Fol & 214 oK(tumor neoantigen)

HA Q1 HYRkg-S & AR Fa Uk
ﬂx—i‘ﬂ HAREES FES F gle olF
A

o] A (antigen-loss tumor variants)2] A A3,

=5t a g
of X, >, r
o W
2 o
m,
r{m

o%

z o 2 ¢
[0
>,

=
@)
oo

A, 3% 2] #}7d (antigen processing) 2]
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Figure 1. The immune response to tumor cells (full lines: stimulatory effect, dotted lines: inhibitory effect).
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Table I. Approach of cancer vaccine
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4 &, peptide7t APC Ewol ¥4 & MHC
molecule S =UHZMN ¢ A Z](antigene process-
ing) 45 F35A do17).

B399 GUAE AT A3 A 35 A
o] AAEL SlTh = FHE FE o] 8% Tyt 9
(polyvalent vaccine)(18), 5©°]% Q] &3S o] &3 g
1 2] (antigen-defined vaccine)(19), 18] 1L FA4 AE 5
S o] &3k Al W2 (cell-based vaccine)©] TH(Table I)(20).
T A EA ¥ EHE d#d g4

T AEZAA 25 = kel digh 29 A=
CD8" T A2} MHC class 1] A3t o] 355 o
$ko ), MHC class 119l A3+ CD4" T Al E 9 W8
s E oF Btk aAL BE 3¢ 220 lojA
CD4' T AlEE0°] CTLH 4 HI5o]3 M §139 =
3] 7+ 2 (priming) THAICl w9 F83}H7] W ol TH21).

T Al o3f O]"]Qb Fde gl g3z R
B Ao gEo] T AEF = FE(clone)®] in vitro
SR 2w R 7] Al &S ‘?i A &olatA = A th(Table II).
AF7HA BF ek Alghel oA geld e aA o
=+ o] ERFHET(22).

AA, AEE g F2 BdHH 5 o] F(specific) &
= 50| gH(unique) &9, A, B4 AAxZ | Ha)
dollMnt =4 LdEE T+ d5olF 3F(shared
tumor specific antigen), A A, ¢ro] WA 3t= NA S F4
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Vaccine Components

Contents

Polyvalent vaccines Whole tumor cell

Lysate tumor cell

Shared antigens

Heat shock proteins
Antigen-defined vaccines TAA

Peptides

Recombirart DNA

Recombinart vins

Anti-idiotypic antibody
Dendritic cell-based vaccines Tumor-DC hybrids

Peptide loaded DC

Whole tumor cell loaded DC

Tumor mRNA loaded DC
Genetically engineered DC

Auogous or allogeneic tumor cells that can be genetically engineered
to secrete cytokines

No need to know the molecular identity of TAA
Mechanical, enzymatic, or viral tumor lysates

No need to know the molecular identity of TAA

TAA or TAA-derived peptides released in vitro by allogeneic
tumor cell lines

No need to know the molecular identity of TAA

Prepared from auogous tumor cells

No need to know the molecular identity of TAA

Proteins (eg., CEA, p53), idiotypes (lymphoma, multiple myeloma),
glycoproteins (eg., MUC-1), glycolipids (eg., gangliosides)
HLA class I or class II restricted

Genetically engineered to express TAAZcytokines

Genetically engineered to express TAAZcytokines

Mimicking the natural TAA

No need to know the molecular identity of TAA

HLA class I or class II restricted

Auogous or allogeneic tumor cells

No need to know the molecular identity of TAA

No need to know the molecular identity of TAA
Engineered to secrete cytokines or express TAA

TAA: tumor associated antigens, DC: dendritie cell.
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Table II. Tumor-associated antigens

Scope Tumor antigen Type of cancer*
Cancer testis MAGE-1 Melanoma,
antigens MAGE-2 Brcast, Head/neck
MAGE-3 Bladder, gastric, lung
MAGE-12
BAGE
GAGE
NY-ESO-1
Differentiation ~ Tyrosinase Melanoma
antigens TRP-1
TRP-2
¢p100
MART-1
MCIR
Tumour-specific Ig Idiotype B-cell NHL, MM
antigens CDK4 Melanoma
Caspase-B Head/neck
B-catenin Melanoma
CLA Bladder
BCR/ABL CML

Mutated p21/ras

Mutated p53

Pancreatic, colon,
lung

Colorectal, lung,
bladder, head/neck

Overexpressed  Proteinase 3 CML
self antigens WT1 CML, ALL, AML
MUC-1 Breast
adenocarcinoma
Nonmal p53 Breast, colon, other
cancers
Her2/neu Breast, ovary, hung
PAP Prostate
PSA Prostate
PSMA Prostate
G250 Renal cell carcinoma
Viral antigens HPV E6/E7 Cervical and penile
cancer
EBV LMP2a EBV+Hodgkin’s
discase
HCV Liver cancer
HHV-8 Kaposi sarcoma
Onco foetal CEA Colon, breast,

antigens

a-Fetoprotein

5T4

Onco-trophoblast
glycoprotein

pancreatic cancer
Liver Cancer
Many Carcinomas
(Including colon,

gastric, breast, cervix,
ovary, lung, renal cell)

NHL: non-Hodgkin lymphoma, MM: multiple myeloma, CML:
chronic myeloid leukaemia, ALL: acute lymphoblastic leukaemia,
AML: acute myeloid leukaemia, CEA: carcinoembryonic antigen,
HPV: human papilloma virus, EBV: Epstein-Barr virus, HCV:
hepatitis C virus, HHv: human herpes virus. *proportion of
antigen-positive tumour types is very variable.
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Table III. The type of cancer vaccines and manufacturing techniques
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Table IV. The current development of cancer vaccines using dendritic cells

Materials Company Property

g A DendreonAH(W] %), o] HoloA FAANEE Halsle] Eo|thul ol

APCS8020 7] Hu (L E) ol ety oz &gt FAANE ANFAF. A
173(02)

R : APAL FUH} FAALE o83 4l FEAL,

APCB015 PAAE F(02)

Provenge DendreonA}H(F] = PGS oz 3 FAFGAEZLH. 4337302

Mylovenge ” LAETETS WEoE 3 FAGAZAY
327 (02)

APC8024 ” e, dadh HAdS dde=E 3 FAFAELH
A7d1702)

Ex vivo BZWZ}HA] - GeronAH(P] =) FAGAE 5 F4d ﬂ/\]/‘ﬂf{% sxtzHE 283t

e Al A QoA A2 e gtA g Aol A2 e atA FAS

Genzyme Molecular
OncologyAHH] =),
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Figure 2. The generation of recombinant viral cancer vaccines.

A& MHC class Iol] #|3He 44 HElo| =7} o] &5
stk AAZ o]Y s WAL SElo|E WAls Fo
% &Hi-(tumor-bearing) o] A Wro] WIS s 4= Q)
ATH60).

Hepol= WA a3E= in vivodl A HIYPAH A&
MHC moleculesE 2] APC loading #}7g ol -2t} 18
B2 G435t APCE Y £33}l thgh 11e glo] Jefol
ZE T3] o]83t= AL MHC class 19] A S =8
3}A &9, non-professional APCE <] loadingS ©F7]e 7}
S0l Atk AAZE of| JEol=g Y FAS
o] HART= WS FEsta Bl oo <
& A STk olef 22 MELO| = epitope T U

2 =¥ 5ol YAz Iy AAZF Uk 1 o2
incomplete Freund’s adjuvant®} 3 E}o]= WAl8- &4 &
oste] dFoE EYPHUS W APCol ZETO=ZH
costimulatory signals®] & §lo] WS F=3 457t
A4 tH61). 3, melanoma Aol Al A3 HLA-A29]
A $+E MAGE-3 3% E}°] =/Freund’s incomplete adjuvant2]
7499l = MAGE-39] E0]3 o2 ¥3-3t= CTLY # =
£ in vitro chromium W= A A #ZT & Ao
(62). 1 °]% t}ek3t NS Sl A MHC class I 3 E}o]
T E o]&3} vaccination?} CTL F-=° #3F A7} A

O:

[o et 2 o
ofN o

o obF & S Holx @

A Z3F vlo]# & WA (recombinant viral vaccine): 8 <
AE =ol7] YA thFst A niol g2 wiAlo] A
A= O (Fig. 2), L TN A= recombinant vaccinia,
adenovirus€} poxvirus7} ¢He] AL X 5ol Fol o] &1
A TH63-65).

Az vhole] 2 wWiAlef] odA Jojup= AR
AA, vrole] 2 Aoz of7|H M EZLE4F9] danger sig-
nalo] F4E GAAA APCE =Tz o
s

H
PrL'
X
o
i)
)

o
o] Sk costimulatory molecule®] A4S

A, ol| A x3 vpolglz WAL F4olA F2E APC
o A e #EE o] glojA, MHC class I ¥-3- %7
9] endogenous *HOZ FAHE FLE9 BHHA A
(processing) S U 271t} APCO nlo]g 9] HH 7L
A Z3 vlolel~ M9 =4 (modification) S =2
ZMN, FHLE9] processing?} L3 123 costimul-
atory molecule s ¥t FHAEY] FAE F7HZ
Th66). THAT o]l gk WAl Ao g & Fof= o]
n) A e S8 A o3 Wile] oA F o]
o 3} A= wAk ¥-3-3k= 1l ¥ 2 (adenovirus)©l
AR =5 e AP Host] osix A E Aot
a8 2 ol F3 gAY AA} AFHA =FH A
o] gle Hiolel29] WE 7%l J g st

A Z3 e g o} ¥l Al (recombinant bacterial vaccine):
Salmonela, BCG Z12] L Listeria monocytogenes®} 7+t
2|0} strainE > WA WE R B33 22 F 7t
EAS 7HA 3 doker). A, AFTRS B3 7
£ 7HA I Q17] wiEel WAl AT Fo Ths A
3}al, =4, monocytes®} macrophages®l] 7+ E o Z M
&S professional APCE T H3A1Z & Y} 5=
Aol A F5T thk AAE B3l A X Listeria mono-
cytogenes M A9 7%, monocytes H=+ macrophagesol| 7+
¢ = AFulA}, phagolysosomes= 7] % 3l 4, phagososomal
S PGS A W 2lote] A 2E R HolE 7hs et
Al 3= listeriolysin OF #¥H] gttt L. monocytogenes<]
ANxzdo e L7 EHlE FEEY phagolyso-
somal phase 32| MHC class II Z7 oA #al o}z}
cytosolic phase & MHC class I 3NN = &2
processingS 3HA] 3HThH68). Y Eo] T AlE HIHHS-
o]9lo| &=, A 23t L. monocytogenes®l] 2]+ H]E-0]2
Aukgo] HHE A AR A5 T2 aRH<
HAZE 7hsstA & Aotk
DNA = Al (DNA vaccine): &Y 5

S
Azl Yok Wukgo] FET

<.

¢

o O}L n\l rl
o,

ft o o2 o
i 0%t ofd Hi X,

A AJZko] Ao
upepa Wale] o] radit) o] Fojg Wil
ek FA7F HAF R 2A Ha A dgukgol
o] Foldh Male] 5357 fEolth. § Y o4



(o3
N
o e

z fUl oo

i o = o

o] ot A= M-S FoAstr] Ao FFA
Al ZEIZ B FsHA Eok ek dake Ty Yot denkeS
HHo8 FEAZ F UAEF FUS
shs WO R §H5o] ¥49& F =8+ DNA
2 o] &ste dMAile] JNEEIL JITh69). © YHE gene

Cancer Vaccines

53] recombinant DNA 7|9 JIE=Z 4yt of

ZA 3} cytokine (70), costimulatory

molecule (71) 5= WAoo 2 o83 = A FHHA(72),

olgigt 7]&9] FE = HAGAA AFES dAT
=1

o

HEAZAY, FEA A

Monitor Immune &L

Clincal response ——— Lymph node biopsy

Immuunogenicity by

ELISPOT, ELISA & — i« ~

Proliferati

oliferation Lymphoma DNA Ig Idiotype | | Protein Ig
Cellulant Vaccine Idiotype Vaccine
Infection defective Clone idiotype Make hybridoma
adeonvirus with cDNA from with B lymphoma
CD40L/ IL-2 lymphoma cells . .
Produce idiotypic
Activate on CD40L [ || Assemble as a scFy immunoglobulin
Q’ fibroblast (in vitro . . .
. P Express in plasmid Formulate with
expansion o :
Vaccinte lyriphpma cells) vector with T helper [ [ adjuvant and helper
patients epitope protein (KLH)
Irradiate& preserve
| | ] |
“Limited” “Unlimited” “Unlimited”
Cell Vaccine DNA vaccine Protein vaccine
I
Th2
IL-10 Effector HTb E%IZ

@ % Chio-L
K Ii-\le _ A7, ‘
M

Tl

N < CcD11b
N AN
- N Gr-1
HSP \A \

%cn
,
Effector CTL \
Perforin
NK cell Granzyme Perforin
AS-L FAS Granzyme
P . P FAS-L

{ P PGE2
O

N TGFB

h\l:(> NO

Y

B7-H1

FAS-L

Class | HLA
TAA-derived
peptide

Tumor cells

HLA @ L-13<—= @ NKT cell
CRp) =1 i
ﬂ B72 @ v L . E% <:, Tr cell
D40

A
"

Myeloid
suppressor
cell

//
Tolerogenic
DC /
/
/
/
/

¥

Complement-dependent
cytotoxicity(CDC) &
antibody-dependent cellular
cytotoxicity(ADCC)

Figure 3. The strategy of anti-idiotype vaccine generation to treat lymphoma.

Antibodies
(igm, IgG)



64 FEun-Wha Son, et al.

S SAANTE MZL gened 4+ SOl ©]22] gene
theraphy 2 ¥ 3}3l It} B3+ human genome project2]
Z7] ¢4 0 Z 35 DNA 413} gene theraphy 2] 7j-o]
HPE 42 A48T Aolgte A= Yo Stk
Naked DNAE ©]&-3t= Wil A4 73 f4¢ 2
A WA FREZAN AFEHD e, HExe ATelA
£ influenza 3 AL I = 3}3}+= naked DNAZ vac-
cinationg] S W influenza H}ole] =9 TFECZHE &
S Hod 5 AATHT3). ZFEE 2 9o, dFdS
T =3} naked DNA vaccine< systemic tumor pro-
tectiond A|F3T= HiuE Jh74). TZ A0 duky
© & naked DNA #419] §8-& A %3} vpo]]s AR
g% 749th o] AL naked DNAZ} A %8 ulo] g2}
uhe| gfo} WAl X e} 22 EA] - FF FEo] glor
2, 19AZ AAE F Ue FLY A Ag wEol
o 9k ofu] 2t naked DNAM A& Autol 2 ZHed uf
HO: B2 9% = 9335 vhes 293
28y DNA ¥ A1S subunito] Y HEfo] = vl A3+
2] &7 AE QoA o] AirE o Z A CTL ¥h&
frestthe A3 A4S Thl A9uEeS B9 fx
O 3ol #H2 Baxar 3k(75). Hhel2joF DNA
9 IFN-g/pe} IFN-ve] f%= 2 NK AZg4 F7te}
el #HEE W 37 Aol ¢H AT
(76). ©]F Krieg 52 HtHZ]o} DNAE o7 FTHe
oligodeoxynucleotide (ODN)2.Z 343t BM X F43}
IgM #H 58S FAFste] CpG-ODN| | &4 71
< A Y3833l ODNO] methylation ¥ & W 53
gdo] AbgRItkal B384 th(77). CpG-ODN-2 macro-
phage, FAFME 28]3 NK MEES SASA]A
IL-6, IL-12, IL-18, TNF-a¢} 22 cytokineE9] #H|E =
ZIA1 7] AL, costimulatory molecule®] Y MHC class 13} class
ne 4dS F7HA Thl A9HEeS Sol3 o= &
& 2= 9TH78). =& CpG-ODN motifs= DNA 4 2]
plasmid backboneol] 4 E/ o] DNA W29l Hzx4d &
gE A g o ogfd Bl E F7IE 5ol
Thl WHREEo] X5 = Aoz vrsFth(79).
Anti-idiotype vaccine: W&t FAES 222 Fglow
A-gate] HAWhgS A58t 5 olefg FA o gt
A7 MRkg-o - Fag 9s oA, ol
A E anti-idiotype 342} gt Anti-idiotype &A| 7} 3
Ao Z zZgst7] wZol|, Gl Al FAsHE HAA
< ol tigt HgurgS Fgth 53 EE lymphoma
AE7F BRAR HETF e & FAAE A6t
A e 7Y &9 48 (antigen receptor) S 23l 3
7] WZol, B AFAEL lymphomao] w3t anti-
idiotype ®MAlo] 7Hd £& A5 FHOE FAsia Utk
(Fig. 3)(80,81). W&} =1 &<t anti-idiotype &3] o %

il

e o ot o wgt

o

EolZ gl gl o=w 83 + Utk
z =

A A A S BHEE FAH AT B
T ETstar, 4 Aukgo] Aol g 7S F
ottt 53] ¢ WAl Qe ofA T AgA o, U4
Ao SAE HlojuA] Eatal Aok ey 1 Fte
A 2 AP EZRE 2 Ao AW WA
7h o e ansel ol AT Be FdEAd b
gt Ao g Wstd F Slvke ARoth o] 3 o]
He B4 A5l osf) Ao wE & AW W
AHEEC] FAE et aRHoE ¥Eal,
WiEAQl #7712 &89 5 doe A& gtk H2
o] FFHAEY o HHES BHop aRA 0| A5
Zo|H A Eo]& QW (active specific immunothera-
phy) Agke] ol Wx}E 7bstA shal lom, v Al
o] A ] ow] e W3tE AEsia A

£3] immunological tolerance (W< &-&)o] gt 7]
o olale & AASY] HAsA = CTL, E43t9 T

helper 4] E(HTL), B A E 50| SAo] §7]4oz g
slojok §F2 E 0]l innate immunity$} adaptive immu-
nity 29| A AA ] gk F oA A8 st ot
ol gt AHEE S FH L oldl= WA R Tl o
g Ro B2 WS AAske = lolth B3 F A
3 of| cytokine gene®] 4, WAl thE YR ZA Y &
AT & W9 aw e B8 W o] active specific immu-
notheraphy ©] oJ2] @S S5 F e WS A3t
i Stk

1 5t A s

A we A £ 5 A
Ao tste] kg4 FEAC) PEH gor, @
Ao WA ATHAE WARGS Be) G| o]

U39 H 1
ol A E2A5ts GHAEES Sole Aot} wghA W

o
AGAE ol e Hoh @2 ol 7} o] 23 2l
el 714 Aol

2 1 2

1. Martin SE, Martin WJ: Anti-tumour antibodies in normal
mouse sera. Int J Cancer 15;658-664, 1975

2. Melero I, Bach N, Chen L: Costimulation, and ignotrance of
cyytic T lymphocytes in immune responses to tumor anti-
gens. Life Sci 60;2035-2041, 1997

3. Mocellin S, Rossi CR, Nitti D: Cancer vaccine development:
on the way to break immune to malignant cells. Exp Cell
Res 299;267-278, 2004

4. Jager E, Jager D, Knuth A: CTL-defined cancer vaccines:

perspectives for active immunotherapeutic interventions in

minimal residual disease. Cancer Metastasis Rev 18;143-150,



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

1999

. Parmiani G, Castelli C, Dalerba P, Mortarini R, Rivoltini L,

Marincola FM, Anichini A: Cancer immunotherapy with
peptide-based vaccines: what have we achieved? Where are
we going? ] Natl Cancer Inst 94;805-818, 2002

. Finn OJ: Cancer vaccines: between the idea and the reality.

Nat Rev Immunol 3;630-641, 2003

. Sette A, Fikes J: Epitope-based vaccines: an update on

epitope identification, vaccine design and delivery. Curr Opin
Immunol 15;461-470, 2003

. Parajuli P, Sloan AE: Dendritic cell-based immunotherapy of

malignant gliomas. Cancer Invest 22;405-416, 2004

. Robinson HIL: DNA vaccines: basic mechanism and immune

responses (Review). Int J Mol Med 4;549-555, 1999

Disis ML, Salazar LG, Knutson KL: Peptide-based vaccines
in breast cancer. Breast Dis 20;3-11, 2004

Kutzler MA, Weiner DB: Developing DNA vaccines that call
to dendritic cells. J Clin Invest 114;1241-1244, 2004
Coulie PG, van der Bruggen P: T-cell responses of vaccinated
cancer patients. Curr Opin Immunol 15;131-137, 2003
Pardoll DM: Cancer vaccines. Nat Med 4(5 Suppl);S525-8531,
1998

Staveley-O'Carroll K, Sotomayor E, Montgomery ], Borrello
I, Hwang L, Fein S, Pardoll D, Levitsky H: Induction of
antigen-specific T cell anergy: an early event in the coutse
of tumor progression. Proc Natl Acad Sci USA 95;1178-1183,
1998

Schlecht G, Loucka J, Najar H, Sebo P, Leclerc C: Antigen
targeting to CD11b allows efficient presentation of CD4+
and CD8+ T cell epitopes and in vivo Thl-polarized T cell
priming. ] Immunol 173;6089-6097, 2004

Tuting T, Steitz ], Bruck ], Gambotto A, Steinbrink K,
Deleo AB, Robbins P, Knop J, Enk AH: Dendritic
cell-based genetic immunization in mice with a recombinant
adenovirus encoding murine TRP2 induces effective anti-
melanoma immunity. ] Gene Med 1;400-406, 1999

Blum JS, Ma C, Kovats S: Antigen-presenting cells and the
selection of immunodominant epitopes. Crit Rev Immunol
17;411-417, 1997

Bricks LF: Pneumococcal vaccine: overview about the pro-
tective efficacy in different high risk groups and new
progress in the development of a conjugate pneumococcal
vaccine. | Pediatr (Rio J) 70;75-81, 1994

Antonia S, Mule JJ, Weber JS: Cutrent developments of
immunotherapy in the clinic. Curr Opin Immunol 16;130-
136, 2004

Yannelli JR, Wroblewski JM: On the road to a tumor cell
vaccine: 20 years of cellular immunotherapy. Vaccine 23;
97-113, 2004

Schweighoffer T, Schmidt W, Buschle M, Birnstiel ML:
Depletion of naive T cells of the peripheral lymph nodes ab-
rogates systemic antitumor protection conferred by IL-2
secreting cancer vaccines. Gene Ther 3;819-824, 1996
Dermime S, Gilham DE, Shaw DM, Davidson EJ, Meziane
el-K, Armstrong A, Hawkins RE, Stern PL: Vaccine and
antibody-directed T cell tumour immunotherapy. Biochim
Biophys Acta 1704;11-35, 2004

Maeurer M]J, Storkus WJ, Kirkwood JM, Lotze MT: New
treatment options for patients with melanoma: review of
melanoma-derived T-cell epitope-based peptide vaccines.
Melanoma Res 6;11-24, 1996

Mandruzzato S, Brasseur F, Andry G, Boon T, van detr
Bruggen P: A CASP-8 mutation recognized by cyytic T
lymphocytes on a human head and neck catcinoma. ] Exp
Med 186;785-793, 1997

Orme IM, Collins FM: Crossprotection against nontuber-

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cancer Vaccines 65

culous mycobacterial infections by Mycobactetium tubet-
culosis memory immune T lymphocytes. ] Exp Med 163;
203-208, 1986

McCabe WR, Bruins SC, Craven DE, Johns M: Cross-reactive
antigens: their potential for immunization-induced immunity
to Gram-negative bacteria. | Infect Dis 136(Suppl);S161-
S166, 1977

Berard F, Blanco P, Davoust J, Neidhart-Berard EM, Nouri-
Shirazi M, Taquet N, Rimoldi D, Cerottini JC, Banchereau
J, Palucka AK: Cross-priming of naive CD8 T cells against
melanoma antigens using dendritic cells loaded with killed
allogeneic melanoma cells. ] Exp Med 192;1535-1544, 2000
Luiten RM, Demotte N, Tine ], van der Bruggen P: A
MAGE-A1 peptide presented to cyytic T lymphocytes by
both HLA-B35 and HLA-A1l molecules. Tissue Antigens
56;77-81, 2000

Schultz ES, Lethe B, Cambiaso CL, Van Snick J, Chaux P,
Corthals J, Heirman C, Thielemans K, Boon T, van der
Bruggen P: A MAGE-A3 peptide presented by HLA-DP4 is
recognized on tumor cells by CD4+ cyytic T lymphocytes.
Cancer Res 60;6272-6275, 2000

Van Pel A, van der Bruggen P, Coulie PG, Brichard VG,
Lethe B, van den Eynde B, Uyttenhove C, Renauld JC, Boon
T: Genes coding for tumor antigens recognized by cyytic T
lymphocytes. Immunol Rev 145;229-250, 1995

Parkhurst MR, Riley JP, Robbins PF, Rosenberg SA: Induc-
tion of CD4+ Thl lymphocytes that recognize known and
novel class II MHC restricted epitopes from the melanoma
antigen gp100 by stimulation with recombinant protein. ]
Immunother 27;79-91, 2004

Wang S, Bartido S, Yang G, Qin J, Moroi Y, Panageas KS,
Lewis JJ, Houghton AN: A role for a melanosome transport
signal in accessing the MHC class II presentation pathway
and in eliciting CD4+ T cell responses. ] Immunol 163;
5820-5826, 1999

Hoashi T, Watabe H, Muller J, Yamaguchi Y, Vieira WD,
Hearing V]: MART-1 is required for the function of the
melanosomal matrix protein PMEL17/GP100 and the
maturation of melanosomes. ] Biol Chem 280;14006-14016,
2005

Choi C, Kusewitt DF: Comparison of tyrosinase-related pro-
tein-2, S-100, and Melan A immunoreactivity in canine
amelanotic melanomas. Vet Pathol 40;713-718, 2003
Offringa R, Vierboom MP, van der Burg SH, Erdile I, Melief
CJ: p53: a potential target antigen for immunotherapy of
cancer. Ann N Y Acad Sci 910;223-233, 2000

van der Burg SH, Menon AG, Redeker A, Bonnet MC,
Drijthout JW, lenaar RA, van de Velde CJ, Moingeon P,
Kuppen PJ, Offringa R, Melief CJ: Induction of p53-specific
immune responses in colorectal cancer patients receiving a
recombinant ALVAC-p53 candidate vaccine. Clin Cancer Res
8;1019-1027, 2002

Liedke M, Karnbach C, Kalinin V, Herbst B, Frilling A,
Broelsch CE: Detection of H-ras and K-ras in tumors of
gastrointestinal-pancreatic system. Langenbecks Arch Chir
Suppl Kongressbd 115(Suppl 1);S255-5259, 1998

Brembeck FH, Schreiber FS, Deramaudt TB, Craig L, Rho-
ades B, Swain G, Grippo P, Stoffers DA, Silberg DG, Rustgi
AK: The mutant K-ras oncogene causes pancreatic periductal
lymphocytic infiltration and gastric mucous neck cell
hyperplasia in transgenic mice. Cancer Res 63;2005-2009,
2003

Zhou BP, Li Y, Hung MC: HER-2/Neu signaling and
therapeutic approaches in breast cancer. Breast Dis 15;13-24,
2002

Dela Cruz ]S, Lau SY, Ramirez EM, De Giovanni C, Forni



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

66 Fun-Wha Son, et al.

G, Motrison SL, Penichet ML. Protein vaccination with the
HER2/neu extracellular domain plus and-HER2/neu ant-
body-cytokine fusion proteins induces a protective anti-
HER2/neu immune response in mice. Vaccine 21;1317-1326,
2003

Blumberg BS, Larouze B, London WT, Werner B, Hesser
JE, Millman I, Saimot G, Payet M: The relation of infection
with the hepatitis B agent to primary hepatic carcinoma. Am
J Pathol 81;669-682, 1975

Davidson EJ, Faulkner RL, Seht P, Pawlita M, Smyth L],
Burt DJ, Tomlinson AE, Hickling J, Kitchener HC, Stern PL:
Effect of TA-CIN (HPV 16 L2EGE7) booster immunisation
in vulval intraepithelial neoplasia patients previously vaccina-
ted with TA-HPV (vaccinia virus encoding HPV 16/18
EOE7). Vaccine 22;2722-2729, 2004

Humphrey L], Boehm B, Jewell WR, Boehm OR: Immuno-
logic response of cancer patients modified by immunization
with tumor vaccine. Ann Surg 176;554-558, 1972

Antonia S, Mule JJ, Weber ]S: Current developments of
immunotherapy in the clinic. Curr Opin Immunol 16;130-
136, 2004

Schuler G, Schuler-Thurner B, Steinman RM: The use of
dendritic cells in cancer immunotherapy. Curr Opin Immunol
15;138-147, 2003

Kaminski ER, Goddard RV, Prentice AG: Dendritic cells and
their potential therapeutic role in haemaogical malignancy.
Leuk Lymphoma 44;1657-1666, 2003

Ohno T: Auogous cancer vaccine: a novel formulation. Mi-
crobiol Immunol 47;255-263, 2003

Berd D: Auogous, hapten-modified vaccine as a treatment
for human cancers. Vaccine 19;2565-2670, 2001

Sondak VK, Sosman JA: Results of clinical trials with an
allogenic melanoma tumor cell lysate vaccine: Melacine. Se-
min Cancer Biol 13;409-415, 2003

Lunde E, Western KH, Rasmussen IB, Sandlie I, Bogen B:
Efficient delivery of T cell epitopes to APC by use of MHC
class II-specific Troybodies. ] Immunol 168;2154-2162, 2002
Nakamura M, Iwahashi M, Nakamori M, Ueda K, Matsuura
I, Noguchi K, Yamaue H: Dendritic cells genetically
engineered to simultaneously express endogenous tumor anti-
gen and granulocyte macrophage colony-stimulating factor
elicit potent therapeutic antitumor immunity. Clin Cancer Res
8;2742-2749, 2002

Homma S, Kikuchi T, Ishiji N, Ochiai K, Takeyama H,
Saotome H, Sagawa Y, Hara E, Kufe D, Ryan JL, Ohno T,
Toda G: Cancer immunotherapy by fusions of dendritic and
tumour cells and rh-IL-12. Eur J Clin Invest 35;279-280,
2005

Timmerman JM, Czerwinski DK, Davis TA, Hsu FJ, Benike
C, Hao ZM, Taidi B, Rajapaksa R, Caspar CB, Okada CY,
van Beckhoven A, Liles TM, Engleman EG, Levy R:
Idiotype-pulsed dendritic cell vaccination for B-cell lympho-
ma: clinical and immune responses in 35 patients. Blood
99;1517-1526, 2002

Rini B: Recent clinical development of dendritic cell-based
immunotherapy for prostate cancer. Expert Opin Biol Ther
4;1729-1734, 2004

Chang GC, Lan HC, Juang SH, Wu YC, Lee HC, Hung YM,
Yang HY, Whang-Peng ], Liu KJ: A pilot clinical trial of
vaccination with dendritic cells pulsed with auogous tumor
cells derived from malignant pleural effusion in patients with
late-stage lung carcinoma. Cancer 103;763-771, 2005

Sette A, Fikes J: Epitope-based vaccines: an update on epito-
pe identification, vaccine design and delivery. Curr Opin
Immunol 15;461-470, 2003

Gordan JD, Vonderheide RH: Universal tumor antigens as

58.

59.

60.

61.

62.

63.

64.

65.

60.

67.

68.

69.

70.

71.

72.

targets for immunotherapy. Cytotherapy 4;317-327, 2002
Hakomori S: Tumor-associated carbohydrate antigens de-
fining tumor malignancy: basis for development of anti-
cancer vaccines. Adv Exp Med Biol 491;369-402, 2001
Van Pel A, van der Bruggen P, Coulie PG, Brichard VG,
Lethe B, van den Eynde B, Uyttenhove C, Renauld JC, Boon
T: Genes coding for tumor antigens recognized by cyytic T
lymphocytes. Immunol Rev 145;229-250, 1995

Vietboom MP, Feltkamp MC, Neisig A, Drijthout JW, ter
Schegget ], Neefjes JJ, Melief CJ, Kast WM: Peptide
vaccination with an anchor-replaced CTL epitope protects
against human papillomavirus type 16-induced tumors
expressing the wild-type epitope. J Immunother 21;399-408,
1998

Diehl L, den Boer AT, Schoenberger SP, van der Voort EI,
Schumacher TN, Melief CJ, Offringa R, Toes RE: CD40
activation in vivo overcomes peptide-induced peripheral
cytotoxic T-lymphocyte and augments anti-tumor vaccine
efficacy. Nat Med 5;774-779, 1999

Valmori D, Lienard D, Waanders G, Rimoldi D, Cerottini
JC, Romero P: Analysis of MAGE-3-specific cyytic T lym-
phocytes in human leukocyte antigen-A2 melanoma patients.
Cancer Res 57;735-741, 1997

Hodge JW, Poole DJ, Aarts WM, Gomez Yafal A, Gritz L,
Schlom J: Modified vaccinia virus ankara recombinants are
as potent as vaccinia recombinants in diversified prime and
boost vaccine regimens to elicit therapeutic antitumor
responses. Cancer Res 63;7942-7949, 2003

Tatsis N, Ertl HC: Adenoviruses as vaccine vectors. Mol
Ther 10;616-629, 2004

Essajee S, Kaufman HL: Poxvirus vaccines for cancer and
HIV therapy. Expert Opin Biol Ther 4;575-588, 2004
Restifo NP: The new vaccines: building viruses that elicit
antitumor immunity. Cutr Opin Immunol 8;658-663, 1996
Starks H, Bruhn KW, Shen H, Barry RA, Dubensky TW,
Brockstedt D, Hinrichs DJ, Higgins DE, Miller JF, Giedlin
M, Bouwer HG: Listeria monocytogenes as a vaccine vector:
virulence attenuation or existing antivector immunity does
not diminish therapeutic efficacy. ] Immunol 173;420-427,
2004

Mandal M, Lee KD: Listeriolysin O-liposome-mediated cyto-
solic delivery of macromolecule antigen in vivo: enhance-
ment of antigen-specific cytotoxic T lymphocyte frequency,
activity, and tumor protection. Biochim Biophys Acta 1563;
7-17, 2002

Cheng WF, Hung CF, Chai CY, Hsu KF, He L, Ling M,
Wu TC: Tumor-specific immunity and antiangiogenesis
generated by a DNA vaccine encoding calreticulin linked to
a tumor antigen. | Clin Invest 108;669-678, 2001

Marshall JL, Gulley JI, Atlen PM, Beetham PK, Tsang KY,
Slack R, Hodge JW, Doren S, Grosenbach DW, Hwang ],
Fox E, Odogwu L, Park S, Panicali D, Schlom J: Phase I
study of sequential vaccinations with fowlpox-CEA (6D)-
TRICOM alone and sequentially with vaccinia-CEA (6D)-
TRICOM, with and without granulocyte-macrophage colony-
stimulating factor, in patients with carcinoembryonic antigen-
expressing carcinomas. ] Clin Oncol 23;720-731, 2005
Morse MA, Clay TM, Hobeika AC, Osada T, Khan S, Chui
S, Niedzwiecki D, Panicali D, Schlom J, Lyerly HK: Phase
I study of immunization with dendritic cells modified with
fowlpox encoding carcinoembryonic antigen and costimul-
atory molecules. Clin Cancer Res 11;3017-3024, 2005
Soiffer R, Hodi FS, Haluska F, Jung K, Gillessen S, Singer
S, Tanabe K, Duda R, Mentzer S, Jaklitsch M, Bueno R, Clift
S, Hardy S, Neuberg D, Mulligan R, Webb I, Mihm M,
Dranoff G: Vaccination with irradiated, auogous melanoma



73.

74.

75.

76.

cells engineered to secrete granulocyte-macrophage colony-
stimulating factor by adenoviral-mediated gene transfer aug-
ments antitumor immunity in patients with metastatic mela-
noma. J Clin Oncol 21;3343-3350, 2003

Corr M, Lee DJ, Carson DA, Tighe H: Gene vaccination with
naked plasmid DNA: mechanism of CTL priming. | Exp
Med 84;1555-1560, 1996

Celiker MY, Wang M, Atsidaftos E, Liu X, Liu YE, Jiang
Y, Valderrama E, Goldberg ID, Shi YE: Inhibition of Wilms'
tumor growth by intramuscular administration of tissue
inhibitor of metalloproteinases-4 plasmid DNA. Oncogene
20;4337-4343, 2001

Schneeberger A, Wagner C, Zemann A, Luhrs P, Kutil R,
Goos M, Stingl G, Wagner SN: CpG motifs are efficient
adjuvants for DNA cancer vaccines. | Invest Derma 123;
371-379, 2004

Yamamoto S, Kuramoto E, Shimada S, Tokunaga T: In vitro
augmentation of natural killer cell activity and production of
intetferon-alpha/beta and -gamma with deoxyribonucleic acid

77.

78.

79.

80.

81.

Cancer Vaccines 67

fraction from Mycobacterium bovis BCG. Jpn ] Cancer Res
79;866-873, 1988

Krieg AM: CpG motifs in bacterial DNA and their immune
effects. Annu Rev Immunol 20;709-760, 2002

Jakob T, Walker PS, Krieg AM, von Stebut E, Udey MC,
Vogel JC: Bacterial DNA and CpG-containing oligodeoxy-
nucleotides activate cutaneous dendritic cells and induce IL-
12 production: implications for the augmentation of Thl
responses. Int Arch Allergy Immunol 118;457-461, 1999
Hiraoka K, Yamamoto S, Otsuru S, Nakai S, Tamai K,
Morishita R, Ogihara T, Kaneda Y: Enhanced tumor-specific
long-term immunity of hemagglutinating [correction of hema-
ggluttinating] virus of Japan-mediated dendritic cell-tumor
fused cell vaccination by coadministration with CpG oligo-
deoxynucleotides. ] Immunol 173;4297-4307, 2004

Bianchi A, Massaia M: Idiotypic vaccination in B-cell mali-
gnancies. Mol Med Today 3;435-441, 1997

McCarthy H, Ottensmeier CH, Hamblin TJ, Stevenson FK:
Anti-idiotype vaccines. Br ] Haema 123;770-781, 2003




