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S ummary.The identification and characterization of
tumor antigens as well as the expansion of knowledge
on the cellular and molecular mechanisms of antigen
recognition by the immune system have raised the
possibility of using immunotherapy to treat certain
tumors.

Information on these mechanisms has been obtained
in three crucial areas: l)the role of cytokines in the
regulation of the immune response; 2)the molecular
characterization of tumor antigens in both mouse and
human tumors; 3)the molecular mechanisms of T cell
activation and antigen presentation. Such information
has provided new insight into tumor immunology and
immunotherapy. Furthermore, recombinant DNA tech-
nology allows for modification of the genome of mam-
malian cells for therapeutic purposes in several diseases.
Several novel strategies have been developed to derive
genetically modified tumor cells and use them as cellular
vaccines to induce antituntor immunity in animal tumor
models. This combined modality of genetically modified
tumor cells and immunotherapy has been termed the
immunogene therapy of tumors.
Crucial to this approach has been the ability to transfer
into normal or neoplastic cells, genes known to increase
the immunogenicity of cells, which subsequently can be
used to augment immune reactions in tumor-bearing
mice or cancer patients. While there has been success in
inducing antitumor immunity in some tumor models,
there are difficulties and limitations in the application
of these gene-modified tumor cells for the treatment of
preexisting tumors. In this review, recent progress in
cancer immunogene therapy is discussed.
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Introduction

Although local therapy such as surgical excision or
elimination with radiotherapy remains a mainstay
for the treatment of cancer, many malignancies will
recur locally or, more commonly, at a distant site.
Thus, the prevention of metastasis remains a major
focus of clinical oncology. While chemotherapy is
often the modality of choice for the treatment of an
established metastasis in adjuvant settings, its use is
often limited because of its toxicity and activity
against many commonforms of cancer. However, to
improve the clinical outcome of cancer patients, im-
munotherapy has been considered an attractive alter-
native.

The most critical aspect of immunotherapy is
based on the fact that experimental rodent tumor
cells express antigens capable of eliciting specific and
protective immuneresponses. Recent findings suggest
that protein products of activated oncogenes, rear-
ranged normal genes, and overexpressed normal
genes are potential targets as rejection antigens
recognized by the host immune system. Because of
the very weak antigenicity of these molecules, the
therapeutic potential of immunotherapy depends on
how the tumor cells are manipulated to augment
immunogenicity.

Strategies to enhance the recognition of tumor
cells by the immune system can be classified into
three categories: l)those using tumor cells modified
with cytokine genes, which are known to enhance
tumor recognition or tumor rejection; 2)those aiming
at the expression of co-stimulatory molecules on the
surface of tumor cells; and 3)those based on the
presentation of tumor antigens by antigen presenting
cells (APC). Treatment systems established in animal
studies are now being tested in clinical settings and
the results of these tests will determine the direction
that immuno-gene therapy for cancer takes.
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L L C c ells als o r e s ult e d i n a r e g r e s si o n of s u b c u t a n e -

o u s t u m o r s ( Fi g . 2) .

C ells fr o m L N d r ai n i n g t h e s e g e n e
-

t r a n s d u c e d

t u m o r s w e r e si m il a rl y a c ti v at e d i n uit ro a n d

a d o p tiv el y t r a n sf e r r e d t o m i c e w it h e st a blis h e d p ul -

m o n a r y m e t a s t a s e s . C o e x p r e s si o n of B 7-1 a n d I F N -

γ

m o s t efh ci e n tl y e n h a n c ed t h e a n tit u m o r e ff e c t of i n

uit r o a cti v a t e d c ells (T a bl e 4) .

T h e s e o b s e r v a ti o n s i m pl y t h e t h e r a p e u ti c u tilit y of

v a c ci n e th e r a p y w it h g e n e
-

m o di丘e d t u m o r s a n d a d o p
-

ti v e i m m u n ot h e r a p y f o r t h e t r e a t m e n t of t u m o r s

w hi c h l a c k a p p a r e n t i m m u n o g e n icit y .

G e n etic ally m o di丘ed d e n d riti c c ell v a c ci n e s

lt h a s b e e n d e m o n st r a t ed t h at v a c ci n a ti o n w it h

a n tig e n - p r e s e n ti n g c ell s e x p r e s s l n g t u m o r r el a t e d

p r o t ei n s a n d p e p tid e s i m p r o v ed t h e e 氏c a c y of a c tiv e

i m m u ni z a ti o n . D e n d ritic c ells (D C s) a s a f o r m of

a c ti v at e d A P C a r e b et w e e n 10 0- t o 1 0 00-f old m o r e

p o t e n t th a n m a c r o p h a g e s i n sti m ul a ti n g a n tig e n -

s p e ci丘c T c ells . T h e u n i q u e p ot e n c y of D C s i n a c tiv a t-

1 n g T c ells a p p e a r s t o b e r el a t e d t o m a n y f a ct o r s ･

D C s e x p r e s s hi g h l e v els o f s u rf a c e M H C m ole c ul e s
,

p a r ti c ul a rly M H C cl a s s II
･
T h u s th e d e n sit y of t h e

p e p tid e/ M H C lig a n d o n t h e s u rf a c e of a D C is m u c h

hi gh e r th a n t h a t o n o t h e r c ells
,

a n d thi s is a c riti c al

p a r a m e t e r f o r T - c ell a c tiv a ti o n . A ls o
,
D C s e x p r e s s

h ig h l e v els of a d h e si o n a n d c o s ti m ul at o r y m ol e c ul e s

s u ch a s B 7
,
I C A M - 1

,
a n d L F A -1 . A m o r e r e c e n t

st u d y of o t h e r D C - s p e ci丘c g e n e s
,
i n cl u di n g o n e e n c o d -

in g a T - c ell - s p e ci丘c c h e m o k i n e
,
sh o w e d t h ei r u n l q u e

p o w e r s in i niti ati n g T c ell r e s p o n s e s
3 2)

.

O n t h e b a sis of t h e s e f u n d a m e n t al st u di e s o n D C

bi ol o g y ,
a n u m b e r of g r o u p s h a v e e x pl o r e d th e e x



C a n c e r l m m u n o g e n e T h e r a p y 1 3 5

＋ M C A I O 2 P a r e n t a l

(
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≡
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L
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-
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≡
G3

て)

ゝ_

○
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⊃
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･

＋ M C A I 0 2/lF N ･

γ

ー M C A I 0 2 /B 7 ･ 1

＋ M C A I 0 2/ B 7 ･1/lF N ･ γ

0 2 4 6

＋ L L C P a r e n t a l

･ ＋ L L C /J F N -

γ

ー L L C / B 7 ･ 1

＋ L L C/ B 7 - 1/lF N ･

1 0 1 2 1 4

0 1 0 1 2 1 4

1 8

1 6

1 4

1 2

1 0

8

6

4

2

0

＋ B 1 6 P a r e n t a l

＋ B 1 6/]F N ･ y

＋ B 1 6/ B 7 11

＋ B 1 6/ B 7 ･1 /lF N ･ γ

1 6

1 4

1 2

1 0

8

6

4

2

0 2 4 6 8 1 0 1 2 1 4

1

＋ M C A 2 0 5 P a r e n t a l

＋ M C A 2 0 5/l F N ･ r

ー M C A 2 0 5/ B 7 ･ 1

ー M C A 2 0 5/ B 7 - 1/lF N - γ

1 0 1 2 1 4

D a y aft e r t u m o r i n o c u一ati o n (d a y s)

F i g ･ 2 ･ I n m

'

u o t u m o r g r o w t h o f B 7- 1- a n d/ o r I F N -

γ
-t r a n s f e ct e d t u m o r c e ll s i n B 6 m i c e . C ell s (1 0

6

i n O ･0 5 m l o f H B S S) w e r e i nj e c t e d s . c . i n t o th e ri gh t d a n k o f m i c e
,

a n d t u m o r si z e w a s m e a s u r e d

s e ri a ll y ･ T h e r e s u lt s a r e e x p r e s s e d a s m e a n d i a m e t e r (i n m illi m e t e r s) o f t u m o r s f r o m g r o u p s o f 丘v e

m i c e e a c h .

T a b l e 4 ･ A d o p ti v e i m m u n o t h e r a p y w ith a n ti-C D 3/Ⅰし 2- a c ti v a t e d c e ll s g e n e r a t e d f r o m L N d r a i n i n g

B 7- ト a n d/ o r I F N ーγ-t r a n Sf e c t e d M C A I O 2 t u m o r c e ll s

N o ･ o f c e ll s M e a n n o . o f p u l m o n a r y m e t a st a s e s (S E M )
b )

t r a n s f e r r e d
a)

( ×1 0
7

) M C A I O 2 M C A I O 2/ B 7- 1 M C A I O 2/I F N - γ M C A I O 2/ B 7- 1/I F N- γ

3

1

0 . 3

0

1 9 9( 4 1) 1 8 3 ( 3 6) 1 0 6 (2 2 )
c

･
d

･
e )

1 4 (6)
c

･
d

･
e

･
f )

2 1 4 (3 6 ) 2 5 0 2 5 0
f)

7 3 (1 5 )
c , d ･ e )

2 5 0 2 4 0 ( 1 0) 2 1 6 (2 6) 1 8 4 ( 2 8)

2 5 0

a'
I n g u i n a l L N c e ll s o b t a i n e d f r o m mi c e b e a ri n g s ･ c ･ M C A I O 2

,
M C A I O 2/ B 71 l

,
M C A I O 2/ I F N - y o r

M C A I O 2/ B 7- 1/ I F N - γ t u m o r s f o r 1 2 d a y s w e r e a c ti v a t e d b y th e a n tトC D 3/Ⅰし 2 m et h o d . T h e s e c ell s

w e r e gi v e n i ･v ･ t o m i c e w it h 3-d a y e st a bli sh e d p u l m o n a r y M C A I O 2 m e t a st a s e s .

b)
L u n g s w e r e h a r v e st e d a n d m e t a s t a s e s w e r e c o u n t e d 1 4 d a y s a ft e r t u m o r i . Ⅴ . i n o c u l a ti o n .

S i g n i fi c a n tl y di ff e r e n t f r o m g r o u p s r e c ei v i n g
c)

n o t r e a t m e n t
,

a)
a c ti v a t e d M C A I O 2 t u m o r

- d r a i n i n g L N

c ell s
,

e'
a cti v a t e d M C A 1 0 2/ B 71 1 t u m o r

- d r a i n i n g L N c e ll s o r
f'

a c ti v a t e d M C A 1 0 2/I F N - y t u m o r
-

d r a i ni n g L N c e ll s .
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･

.

ui u o t r a n s d u c ti o n of D C s u sl n g R N A 3 3 )
,
r e p lic a ti o n -

d ef e cti v e r e c o m bi n a n t r e t r o v ir a1 3 4)

,
o r a d e n o v e c t o r s

t o i n t r o d u c e g e n e s e n c o di n g a n tig e n s
3 5)

･ T h e u s e of

R N A f o r g e n e t r a n sf e r i n t o D C s p r o vid e s a n u m b e r of

i n t e r e sti n g p o t e n ti al a d v a n t a g e s i n t h a t c ell u l a r R N A

e n c o di n g a b r o a d s p e c t r u m of a n tig e n s c a n b e u til-

i z ed .

C o n clu si o n s

A lt h o u g h p r e v i o u sl y e s t a b li s h e d t r e a t m e n t

m o d a litie s h a v e h a d s o m e s u c c e s s in r ed u ci n g t h e

t u m o r b u r d e n
,
a m aj o r ch all e n g e i n cli ni c al o n c ol o g y

r e m ai n s t h e eli m i n a ti o n of r e sid u a l dis e a s e . T h e r e is

a n u r g e n t n e c e s sit y t o e s t ab li sh a n e ff e c ti v e w a y t o

c u r e o r a t le a st c o n t r ol th e p r o g r e s si o n of c a n c e r .

P r o g r e s s i n m ol e c u l a r o n c ol o g y o v e r t h e y e a r s h a s

l e d t o a b et t e r u n d e r st a n di n g of t h e g e n etic d ef e ct s

a n d i m m u n e r e s p o n s e s i n c a n c e r . O n e i m p o r t a n t

f e a t u r e of m alig n a n c y is t h e g e n etic i n s t a bilit y th a t

o c c u r s a s c ells p r o g r e s s fr o m th e b e n ig n t o m ali g n a n t

p h a s e ･ S u ch in st abilit y g e n e r a t e s m u t a n t g e n e p r o d -

u ct s t h a t c a n s e r v e a s t a r g e t s of t h e i m m u n e s y s t e m ･

A m aj o r p r i o rit y i n th e n eld of c a n c e r i m m u n o th e r -

a p y is t h e id e n ti丘c a ti o n of m e ch a nis m s b y w hi ch

m alig n a n c y , p a r tic ul a rly v e r y w e a kl y l m m u n O g e n i c

c ells
,

c a n e v a d e i m m u n e d e t e cti o n
.
T h e s t u die s d e -

s c rib ed a b o v e p r o vid e f o r th e p o s sib le u s e of g e n e-

m o di丘c a ti o n t e c h n i q u e s i n c a n c e r t h e r a p y a n d m a y

h elp u s t o u n d e r s t a n d t h e m e ch a n is m s of in d u cti o n

f o r h o st a n tit u m o r i m m u n it y a s w ell a s t o e s t a b li sh a

m o r e p o t e n t i m m u n o t h e r a p y f o r c a n c e r
･

R ef e r e n c e s

1) F e a r o n E R
,

P a r d o ll D M
,
It a y a T

,
G o l u m b e k P

,

Le v i t s k y H I
,
S i m o n s J W

,
K a r a s u y a m a H

,
V o g el -

s t ei n B
,
F r o s t P : I n t e rl e u k i n-2 p r o d u c ti o n b y t u m o r

c e 11 s b y p a s s e s T h e l p e r f u n c ti o n i n th e g e n e r a ti o n o f

a n a n tit u m o r r e s p o n s e . C ell 6 0 : 3 9 7- 4 0 3
,
1 9 9 0 .

2 ) K a r p S E
,
F a r b e r A

,
S a l o J C

,
H w u P

, J a ff e G
,
A s h e r

A L
,
S hil o n i E

,
R e s ti f o N P

,
M u l e JJ ,

R o s e n b e r g S A :

C yt o k i n e s e c r e ti o n b y g e n eti c a lly m o di丘e d n o n i m
-

m u n o g e n i c m u ri n e fi b r o s a r c o m a . T u m o r i n h ib iti o n

b y I L -2 b u t n o t t u m o r n e c r o si s f a c t o r . I I m m u n o 1

1 5 0 : 8 9 6-9 0 8
,
1 9 9 3 .

3) O h n o K
,

Y o sh i z a w a H
,

T s u k a d a H
,

T a k e d a T
,

Y a m a g u c h i Y
,
I c h i k a w a K

,
M a r u y a m a Y

,
S u z u k i Y

,

S u z u k i E
,

A r a k a w a M : A d o p ti v e i m m u n o th e r a p y

w it h t u m o ト S p e Ci丘c T l y m p h o c y t e s g e n e r a t e d f r o m

c y t o k i n e g e n e- m o di fi e d t u m o r
-

p ri m e d l y m p h n o d e

c ell s . I I m m u n o 1 1 5 6 : 3 8 7 51 3 8 8 1
,
1 9 9 6 .

4) G o l u m b e k P T
,
L a z e n b y A J ,

L e v i t s k y li I
, J a ff e e L M

,

K a r a s u y a m a H
,
B a k e r M

,
P a r d o ll D M : T r e a t m e n t

o f e s t a b li s h e d r e n al c a n c e r b y t u m o r c e ll s e n g l n e e r
-

e d t o s e c r e t e i n t e rl e u ki n14 . S ci e n c e 2 5 4 : 7 1 3- 7 1 6
,

1 9 9 1 .

5) T e p p e r R I
,

P a t t e n g a l e P K
,

L e d e r P : M u ri n e

i n t e rl e u k i n-4 di s pl a y s p o t e n t a n ti - t u m o r a c ti v it y i n

v i v o . C ell 5 7 : 5 0 3- 5 1 2
,
1 9 8 9 .

6) P o r g a d o r A
,
T z e h o v al E

,
K a t z A

,
V a d ai E

,
R e v el M

,

F el d m a n M
,
E i s e n b a c h L : I n t e rl e u k i n 6 g e n e t r a n s

-

f e c ti o n i n t o L e w i s l u n g c a r ci n o m a t u m o r c ell s s u p-

p r e s s e s th e m a li g n a n t p h e n o t y p e a n d c o n f e r s i m
-

m u n o th e r a p e u ti c c o m p e t e n c e a g ai n s t p a r e n t a l

m e t a st a ti c c ell s . C a n c e r R e s 5 2 : 3 6 7 9- 3 6 8 6
,
1 9 9 2 .

7) V i s s e E
,
S i e sj o P

,
W id e g r e n B

,
Sj o g r e n H O : R e g r e s

-

si o n o f i n t r a c e r e b r a l r a t g li o m a i s o g r a ft s b y th e r a
-

p e u ti c s u b c u t a n e o u s i m m u n i z a ti o n w it h i n t e r f e r o n-

g a m m a
,
i n t e rl e u k i n - 7

,
o r B 7- ト t r a n sf e c t e d t u m o r

c cll s . C a n c e r G e n e T h e y 6 : 3 71 4 4
,
1 9 9 9 .

8 ) C h e n L
,
C h e n D

,
B l o c k E

,
0

'

D o n n ell M
,
K u f e D W

,

C li n t o n S K : E r a d i c a ti o n o f m u ri n e b l a d d e r c a r-

ci n o m a b y i n t r a t u m o r i nj e c ti o n o f a bi ci st r o n i c

a d e n o v i r a l v e c t o r c a r r yi n g c D N A s f o r th e I L-1 2

h e t e r o d i m e r a n d i t s i n h i bi ti o n b y th e I L - 1 2 p 4 0

s u b u n it h o m o d i m e r . I I m m u n o1 1 5 9 : 3 5 ト35 9
,
1 9 9 7 ･

9) G a n sb a c h e r B
,
B a n n e rji R

,
D a n i e l s B

,
Z i e r i(

,
C r o n i n

K
,

G il b o a E : R e t r o v i r a l v e c t o r- m e d i a t e d g a m m a
-

i n t e rf e r o n g e n e t r a n sf e r i n t o t u m o r c ell s g e n e r a t e s

p o t e n t a n d l o n g l a s ti n g a n tit u m o r i m m u n it y ･ C a n c e r

R e s 5 0 : 7 8 2 01 7 8 2 5
,
1 9 9 0 .

1 0) T a n a k a H
,

Y o s h i z a w a H
,

Y a m a g u c h i Y
,
I t o K

,

K a g a m u li
,
S u z u k i E

,
G ej y o F

,
H a m a d a H

,
A r a-

k a w a M : S u c c e s sf ul a d o p ti v e i m m u n o t h e r a p y o f

m u ri n e p o o rl y i m m u n o g e n i c t u m o r w i th s p e ci丘c

e ff e c t o r c ell s g e n e r a t e d f r o m g e n e
-

m o d i丘ed t u m o r-

p ri m e d l y m p h n o d e c ell s . I I m m u n o 1 1 6 2 : 3 5 7 4- 3 5 8 2
,

1 9 9 9 .

l l) W a t a n a b e Y
,
K u ri b a y a s hi K

,
M i y a t a k e S

,
N i sh i h a r a

K
,

N a k a y a m a E
,

T a n i y a m a T
,

S a k a t a T :

E x o g e n o u s e x p r e s si o n o f m o u s e i n t e r f e r o n g a m m a

c D N A i n m o u s e n e u r o b l a st o m a C 1 3 0 0 c ell s r e s u lt s

i n r e d u c e d t u m o ri g e ni ci t y b y a u g m e n t e d a n ti -t u m o r

i m m u n i ty .
P r o c N a il A c a d S ci U S A 8 6 : 9 4 5 61 9 4 6 0

,

1 9 8 9 .

1 2) A s h e r A L
,
M u l e JJ

,
K a si d A

,
R e s tif o N P

,
S a l o J C ,

R e i c h e r t C M
, J a ff e G

,
F e n d l y B

,
K ri e gl e r M

,
R o s e n

-

b e r g S A : M u ri n e t u m o r c ell s t r a n sd u c e d w i th th e

g e n e f o r t u m o r n e c r o si s f a c t o r
-

a l p h a ･ E v i d e n c e f o r

p a r a c ri n e i m m u n e e ff e c t s o f t u m o r n e c r o si s f a c t o r

a g a in st t u m o r s . I I m m u n o l 1 4 6
･

. 3 2 2 71 3 2 3 4
,
1 9 9 1 1

1 3 ) V a n h a e s e b r o e c k B
,
M a r e e l M

,
V a n R o y ど

,
G r o o t e n

J
,
F i e r s W : E x p r e s si o n o f t h e t u m o r n e c r o si s f a c t o r

g e n e i n t u m o r c ell s c o r r el a t e s w i th r e d u c e d t u m o r
-

i g e n i c it y a n d r e d u c e d i n v a si v e n e s s i n v i v o I C a n c e r

R e s 5 1 : 2 2 2 91 2 2 3 8
,
1 9 9 l .

1 4 ) C o l o m b o M P
,
F e r r a ri G

,
St o p p a c c i a r o A

,
P a r e n z a

M
,
R o d o lf o M

,
M a v ili o F

,
P a r m i a n i G : G r a n u l o c yt e

c o l o n y- s ti m u l a ti n g f a c t o r g e n e t r a n s f e r s u p p r e s s e s

t u m o ri g e n i cit y o f a m u ri n e a d e n o c a r ci n o m a i n v i v o ･

J E xp M e d 1 7 3 : 8 8 9- 8 9 7
,
1 9 9 1 .



1 5) D r a n o ff G
, J a ff e e E

,
L a z e n b y A

,
G o l u m b e k P

,
L e v it s

-

k y H
,
B r o s e K

, J a c k s o n V
,
H a m a d a H

,
P a r d o ll D

,

M ulli g a n R C : V a c c i n a ti o n w it h i r r a d i a t e d t u m o r

c e 11 s e n g i n e e r e d t o s e c r e t e m u ri n e g r a n u l o c y t e-
m a c r o p h a g e c o l o n y- s ti m u l a ti n g f a c t() r s ti m u l a t e s

p o t e n t
,

s p e ci丘c
,

a n d l o n g-l a s ti n g a n ti -t u m o r i m m u-
n it y ･ P r o c N a il A c a d S ci U S A 9 0 : 3 5 3 9- 3 5 4 3

,
1 9 9 3 .

1 6) Li n sl e y P S
,

L e d b e tt e r J A : T h e r o l e o f t h e C D 2 8

r e c e p t o r d u r in g T c e ll r e sp o n s e s t o a n ti g e n . A n n u

R e u I m m u n o l l l : 1 9 ト 21 2
,
1 9 9 3 .

1 7) C h e n L
,
L i n sl e y P S

,
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