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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 prophylactc vaccines
in the future. The whole cell approach to eradicate cancer has used whole cancer cells
to make vaccine. In an eatly 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 cancet, 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. Currently, 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)
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Figure 1. The immune response to tumor cells (full lines:
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anergy <= apoptosis & Zal|etAl Fch(13). GAE] A
T oleld FYUFo] T AZ AL FE31E BEAS
AYa =, 2 EAE AF 9] Yol A antigenic tumor
cells (94 LAZ)yEo] w544 % (immuno-
competent host) WollA] 7]} (memory), T AE BF-L glo]
A% AR K AE B ek, olelsh AAE
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Table 1. Approach of cancet vaccine
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4= 9J%=tl, peptide7} APC o]l u]9A gl MHC
moleculeEol] £ 224 ¢ *]2](antigene process-
ing) HAF S F-3)3A "k,

BIAQ hAlS Aely] A3l =A] 3EF A
o] A E L Qlet. & AAE 5 o] £33 ) WAl
(polyvalent vaccine)(18), 508 Ql ¢+ & o] 23 3
B 4] (antigen-defined vaccine)(19), L8] 3L A A E S
< o] &3k A ) Al(cell-based vaccine)o]t}(Table I)(20).
T AEA AN qhated 4.

T AlZoll A QA == haldol] st i Ee] A=
CD8" T 4| %9} MHC class I¢]] #|gHE o] A5 o]
gko}, MHC class ITol] AJgkEl CD4™ T A9 ul2 %
A= o ok 24 RE & Fgdl 9lolA
CD4" T AlZEo] CTL# 39] vl 5ol 4 mo] kg9 2
3] %2 (priming) THA|o)) wi-$- FQ817] wjFolrh2l).

T Aol o2l Q1A= = hah ] ghole sl
B odojRl &) T A EFE = FE(clone)o] in vitro
SR wlokx] 7] A Aslw A folstA]l 59l ch(Table T0).
AF7A BF e AL tollA geld 12 =A o}
=3 7ol EHHETH22).

A, AR ol 2 W E Eo]# (specific) T
© 50| ¥ (unique) $HHS, =A, B9 A A=A 4] v
ol A=A WHEE FH AEolF 3-(shared
tumor specific antigen), A4, ko] wtAs}E= A Q] AAF

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 vital 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., CILA, p53), idiotypes (lymphoma, multiple myeloma),
glycoproteins (eg., MUC-1), glycolipids (eg., gangliosides)
HLA class T ot class II restricted

Genetically engineered to express TAAzcytokines
Genetically engineered to express TAA+cytokines
Mimicking the natural TAA

No need to know the molecular identity of TAA

HLA class T 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 ot express TAA

TAA: tumor associated antigens, DC: dendride cell.



58 FEun-Wha Son, et al.

Table II. Tumor-associated antigens

Scope Tumot 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
gp100
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/tas Pancreatic, colon,
lung
Mutated p53 Colorectal, lung,
bladder, head/neck
Overexpressed  Proteinase 3 CML
self antigens WT1 CML, ALL, AML
MUC-1 Breast
adenocarcinoma
Nonmal p53 Breast, colon, other
cancets
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 pancreatic cancer
a -Fetoprotein Liver Cancer
5T4 Many Carcinomas
Onco-trophoblast (Including colon,

glycoprotein 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.
antigen-positive tumour types is very variable.

*proportion of

ERECE PG ER
A, Gl AR 12w
e golu

27 5o] 234444, YA, 9l

uolg) 2 DS wpolalx

Specific =+ umque oFgly: ukek Ao RE AR
(tumor rejection) H-2-0] EA 3} gkl o] 23t ZAozp ¢t
WS s B2 YE o] SAE Ago] D5e] B
A o]t} Specific *E+= unique JLFELS EdHolY FA
Aol o wrAE FENA] FolalA WA= A
3w ojsh o] 2ol Belulolo] o8 $EH
th¢] MHC class Iol] A)gHs]+= melanoma st -Eo| &
ol=|gl=l, & sielo] == pl6INK4aste] S whal

e odkd FAA A Fodwle]s Zle]w(23), unique
squamous cell carcinoma 3}l 4= apoptosis®] Z9.¢t
ZAAQ] caspase-8 FA AL w]ZA] A F9 o] (point
mutation)7} vkAlsl 7 o] th(24).

Z& 9HE o] 3¢ (Shared tumor specific antigens): A%
olol| 4] 2] %} B 3 (cross-protection) Aol 2|t 7}A¢
Ud"—ﬂ,%l/‘é(inununogenic)ol =2 okt Eo] Eo|Role}

A7} QP A uH2S), AAE shared ¢3Fd 2] EAE
°H]*]-l‘— 32X} e (cross immunization) 73-$-%. o}
B GTHe627). AR A7 SollA BelD G
2% PR 2E GAzAeAE PHHA Y2 5§

A akof| A ul uk Ao Z A 9,]-5]1:]— zl—o]]/q 7}7(]— A
ATE 2= mage FHAAAE F 5 ek Mage 3
AHE melanomaol| A & £3] LAH AR & Gee &
AL EekA) sbeh. 22T B Gguel AYo A
w18l o] ok} Ik (testis) HEolTF F8kE|o] 9k MAGE-
13} MAGE-39] Zo] sle}o] == melanoma Eo| CD8"

T AEo) oA 1A% 1(28,29), YollAl F/4 EE
Ay e oy HHTOH o] FUEL G4 So] Al

S 9% AAY $2 F bz B ALkG0)
275 0] $844l: Melanoma 2 j3-39] T 4|0
A melanocyte Eo] 3} gdollA GEH slelo] =5
QA4shE 9 Aol wAR AL W Fl2e A
Aolth(3l). o|H& A7t ol Fold T AEFol
deletion AV 7|53 o2 %7 wfFel vebd A
¥}o]t}. Melanoma &l A 7H4 E3] A& MHC
class o] A|gHE 237 Eo] FUEL pigment YA o]l
215 melanosomes?] thAZHE] S5 AEo|r)
(32). ©] melanosoma 395 2 5] HLA-A20]| A|gtx] =)
E}o] = mart-1/melan-A%} gpl100-S T2 A3HAE2 T Al
Eol] ofelf A s 9om(33), 53l CTLAA 4 Wt
2 (dominant reactivity)S VERHTH(34).

SFAA S} ghol AR QFalztsl FelAelAbE B o
3} A sA dzle] glov, set Wy S 3 &t
Aol EAFolrt. o FAE Sholl 4 FAME] b2
4 Qa7 p3e UEA P AR AP



(3,35). pS3xhf A 2 A 9] R o) FAz2 ol 4] w5
7 Wil 5ol H oz BFE A ko), g4
chilA ol Wy A%rt AAzA Rl Axs] 7] wi
of hijAle] THoZ o] g 4 glr}. o]o] wild- type
p53 Feto] =of] ol o ukgslE CTLo] p53e- o}
sk gl 89 5 gl-go] Bausl vl 9lek(36).
2 e, 4 FEEA ol AFH IR}
rass 5 7 Yok AAEZ EQwiolA) rasoll thet dhA] A
A3 T AE Hednk-go] $)43(gastrointestinal) 347}
oA £ 9rh(37,38). = gk Wd=R-g 98 A
S H7AEA Qe $AAEA her-2/neurt glt. o] A
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e AEE P dAPE IS 9% 5
EHOR QAFHI gt

Ao At HH.

HHAE Felltype)d 2 B7ebH vha Tt o] BF
3t 4= 9lt}(Table III).

%2 fo o2
0 B ot o

A A 3£ A (cancer cell vaccine): FaFol il v el s}
A F8AL ol ATEHUTNE Tl el Foll

M F28F ATER A E A FHAA ¢
Ste. e AR el el e 9% H
Moz g PAEES 399 AnnA A4 A48

ghet.

< membrane tyrosine kinase receptor @ Zf(mammary), Sl Eu AL QWA Fag AAL GHNE AHE
i (ovarian)9t o}E AT A N E G fFo 7wt o] g3l AL T ol FAMEE FAoA EEF ot

=L}, mammary 9 ovarian carcinomacll A= & £F AAS 2AE] GATE AP F Ao FA
2.2 whdo] Z7bslA| Heh39). her-2fneuts AP A A Fhe}. 19706 tEE] melanoma Sof] tlgh W o] A £
E A HAFAAE olelol% u BSl(membrane o] ghrh@3). zEy} ol E Mo R Hesluiwts o
localization) 2}-g-0] glo] Aol 7|25 F WdZ74e  AE Tl 9FeY (tumor antigen)o] EANs}7] w) Fol
HollA kel ozl A8 ssslAl Beho). 5
vlolg| 2ot AR QHahQd: ClbolA] we 2Feol ¢ 9k

& 5% volelast A - A Tow Baislo] Qa, Aol al A4, FAL BepAl Aok i e
whel s S o did ddow o s A Ay 444 242 T ALY Wyoh)

I gk HEH o g 74a} AZARGE vlolg)x ZF = dodzgago
A3 AA BRE Yedl2), e A$ Bk
alo]# A7t WY <12} (etiologic agent)ZA] el A] Q)
o (41), A-F73Hete] 80~90%L= ‘high risk’ human
papillomavirus (HPV)9] type-16, -18, -31 18} 3 -452] E6 3t AXcE 9FEol(tumor-specific) My QrAIEELY
T E7 ¢ s A4 Baso) olok@2). vloll =9t (tumorselective)Eoll thalA] 7t WA & WA eA
g GollA 7 F o HEL 7] npo]ei s 7 © &9 sl ¥ AhHR0).

whAll A vlol2] 27} wof kg0 g RE] 3|93l A HAE ZAAE WA o g Mibsted = Al E7) o] Fo]%]
7 gkl A dgH oz das s vlolel s FPEA W B AL obH7iA BE okgbo] dEA UA 9] WiF
o WA g Aol A FAlolch ulolH A T o[, QHIIE AAE o] &3 o2 H o}z A A gk

Table III. The type of cancer vaccines and manufacturing techniques

Type Manufacturing techniques

A (whole cell#] 41 WA ZAR QAE mE AELAT
A7hge WA A9 2] AAES o]-g3t WA
B%ol A w4 B Al Reld QAT o] g3 ulAl

¢

1= o
22

0

L

o

TAGAE FEAE 7H FALAE _
HeA-E s KRS 247 FAAE
L R B A Y R =52 By | Emulsion %-2] C1L epitope ‘

Liposome £9] CTL epitope
Lipopeptide 2] CTL epitope
npej] 2 Wi i) G e Y +oyokined WA=

Aol BAkY), BEATEA WA

adenovirus & vaccinia virus

Cytokine ®oi= B7 gened T QA7 QAL
orel g shela cytokine geneg EYPAIZl FUAA AN E

j= f 58
DNA®A] F0E e plasmid o &
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HFAS TR UL T LS AN A
EAZ oz Bk AR dAuke& f 5
ojtt. T AFoNAE FAL AEE A ]-:—°ﬂ FJ
(fusion)A| A HAZE-& FAA I+ A%

I QPrh45,46).

Ap7Hf-e FAZ ) Al (auogous vaccine): 2} ZH41 | A
A Zeld HAE AAE o] &3t F AT A E(selh)E
o] &3k widlo|ct. Feld AEE Al ¥ FA F48)
A, YA717F in vitro Wik ¥ = & 343] FAEH
t}. o3t A7} frE °“ﬂ§— BA2 A S AZE ol &
3}7] Wi Foll MHC A o] Rx|3}aL, 3 4e] Huk3-S
FES 5 ke AL Youf e 2e 9 e )
X].l_ 4.

A, 34 AMAA A A9 AzT oldw
v §-o] @ol &85k Holoh A, YA EE T
o] (mutation)7} 4} A Yoju}7] ufifell wlAle) HFH o] A
gk A, 0431 79 AEE 23 YAY, o4
8ol A EE Z—b— U A A folle ShA|FEu}
o 234 Ei o)$ o2 SIS 75 glol A WA
o 2ol Aol oA, 212 PAEH MAE
AZS % Sl -8 AT7 3 2o shol TS o)
W29 A2} ol ek, b, A7) QA5 o]
Al Fo] ¥ =3 Wonk3-g FE87] o HA, 23]

H W3S dAATE A4S Elsle danE

EH‘E]— = ol = X-]o];].

s olelt WS Faoi) o) A
of, FAIE W9 spehxeo 3t Wiy, fA4 =4,
Ud —17‘“ g i-"]';glvg—i %/%l 5]’*] 7] ~ CytOkmC«] T

o] Who] BAE S glrh48).

EZ o)A LA ErA (allogenic vaccine): A}7} -2 <+
AZA9] ofe] AL F2e7] 918l & Aol
Al Zeldt GAIEE o] &3l WHOE, TFolAl ¢Al
Z AL A A A o) 2k ok Ff e okS- 3ty
T 03, o FREHEE Zeld o8 TR A
2, ol £52) AL AN FIY F lehe 44
o] Slt}. tirle AEAIZ FFolAl °WL-—9} 1% o]
R RZAE P Folelo) WeheS Fulsteln
AUrt.

A7k ol Ak Aghol7) st o] WAl

= 2E o) e $S FE) 8 el
A AL F2) ZA ARk Frha)

FA A Z v A (dendritic cell vaccine): A A EE=
RZA 24 w1 Felo] ofel 2FolA 7 27 AL
ol FAE7IE NE e AZE, AGAEL B2 A
¥ (macrophage)?} F-AFsh A=2]g Al slA 9%5’—
42§ (phagocytosis) & 3H7] FETHE o] the}, 4

o] =Y 7 E A Falsl, 3] 2] Langerhan’s A%

4

E_Jl

FAZAEL] PFolx 22 75= At
L FAEE AW AV Q48§ s
%
]:‘]l.

o et

]
APCO| ¢ £/, GAE T ¢ o
GAAARTE T Al ZEo| ARZF2EZH CTL =
sHAl she Gs grhds). ey ok FAGAE
7} W ZE 9l GYPAAAE AA = =7t HIL Q)

\’

N

A AA EE macrophage 2t 9F 50v] & $F9
MHC molecule5-g Wtaldto 24 T AE Fg49te] A
g5 93k v] B2 sleto] 5/MHC =g Al gsiA =
o} =3 T AIE A8 ml S S AX 152
(adhesion molecule)JJ— Hz X]—:’- &4 (costimulatory mol-
ecule) i E& FFOF L ITH50). T AE 5o

chemokine g FE3lsl= FHAAET o] FAZAE
Bo] SUAEE T AE $2-& SEster]) FAAE
o] 73 FAL 53t} o)t 7 Atol] A sto]

B AfAES A g FALAE & GM-CSF
2 =4 Z]%“ﬂl?—% 9k W& 9k 3 kAl
F o] &3l k5.

xR HelE "Fﬂ“"ﬂﬁ“ A Aol A] ol 2l
# AG90 2 $Ug A A7 B 44
=% 04 24 So wyoe GMIE 94 5
Z3A7 F FAGoZN MAuSS dodA &

- FZolle FAZAEZY GAZE THAA -rzl 1
AE7} FAEE 228 WA, AANE T JEF 3=
o] A 25l om o]8A| in vitrool| A FH ‘Ev‘: hrid
SA AN ZNA GA el gt =L Hutgo]
vehdeh(52). FAGAIE E9E 39 HeEs
MHC class Iol] A&tz 2] 429] e}o] = e bl A7bR]
ek, od7lold A FRAEYL FALAEY
F&oll 23A] FofHrt. o]l o] 23 o g H (idiotype-
pulsed)® FAFAEE o] &3lo] B A|E lymphoma 2}
oA W 3tU-g o, A A7} v Fof idiotype Fo]
40| A= SIEHS3)

Melanoma $+A}ol|A] ©] £ auogous FA AT, A
Z| GM-CSF$} IL-47} 9}+ PBMC (peripheral blood mono-
nuclear cells)®] ufjokell4] ABAIE|o], tumor lysate &
MHC class Ioll A|g+E] melanoma #e}o] EF pulse® 71
© 24, delayed type hypersensitivity2] 59} &4 14
A ANE Hygrhids). 1Ex %L:—z—]q] systemic ot
WAL 5317 YA E FAAAES] thokst load-
ing W Eo] sHtE|ojof Fhrt.

FAGAE A2 2A7L G2 HAIZ AT Zhe] A
7 3hztoll tsto] EolHoln], A} MM 2ZHE &
gate] Mg F Folx]7] ujol *“7"6}7]7} o] % H
£o] o] Erl= whgo] o), A 1 F5o] $5F
o] melanoma ¥4} 2] ol| & prostate cancer (54), lung cancer

2 L o ) o
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Table IV. The current development of cancer vaccines using dendritic cells

Materials Company Property

thb g E5F A Dendreon (1] ), 21 Mol A FAGAHEZE Helste] HolghmiAql

APC8020 7150 F(H 8 oltj et e 2 FAlst3le] AR A Foiet g4
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Figure 2. The generation of recombinant viral cancer vaccines.
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