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uMMARY The augmcnting effect of \, accinia virus infection of tumor cells on
Induction of tumor-specific resistance was examined in mice. C3HjHeN mice

were primed intraperitoneally (ip) with live vaccinia virus after whole-body ITradia-
tion with 250 rad of X-rays. Three weeks later the mice were Immunized ip 3
times at weekly intervals with syngeneic inurine he patoma MH134 or spontaneous
myeloma X5563 which had been infected in vitro with vaccinia virus and subse-
quently Irradiated with 7000 rad of X-rays. One week after the third jinmuniza-
tion, the mice were challenged with I x 10' viable cells of MH134 or X5563 ip or
I XIO' turn. " colts intruder^many (Id). On ip chalkng. with vinbl" A1H134 colts
all mice that had not been pretreatcd died within 3 weeks due to asates tumor out-
growth, whereas all mice that had been vaccinia virus-primed and Immunized with
vaccinia virus-infoctcd MH134 cells survived. On ip challenge with X5563 cells,
the percentage survival of vaccinia virus-primed and vaccinia virus-modified tumor-
jinmunized mice was 80%. On in challenge with MH134 and X5563 tumor cells,
in un-treated mice tumors grew to more than 5 mm in diameter within 3 weeks,
whereas 90% and 60%, respectively, of the mice that had been vaccinia virus-primed
and jinmunized with vaccinia virus-infected tumor cells showed no tumor out-

growth. Fretreatment by only immunization with \, accinia virus-infected cells or
vaccinia virus-priming and immunization with virus non-Infected tumor cells were
not effective for preventing induction of tumor-resistance to either ip or xi challenge
with A{H134 or X5563 tumor cells. Moreover, no cross-resistance between MH134
and X5563 was observed, indicating that the tumor-resistance induced by this pro-
to col was tumor-specific.



INTRODUCTION

Tumor-associated transplantation antigens
(TATA) have been demonstrated in various
tumor systems (Klein, 1966). However, the
TATA on syngeneic tumor cells are generally
only weakly jinmunogenic.

There have been several attempts to Induce
resistance to tumor cells using various viruses.
Lindenmann (1965) and Lindenmann and
Klein (1967) found that influenza virus ren-
dered the host resistant to Ehrlich ascites

tumor after inducing destruction of the tumor
cells. Asada (1974) showed that intravenous

diminished theofinjection mumps virus

symptoms of cancer patients. Wallack at al.
(1977; 1981) tested Iysates of tumor cells in-
fected with vaccinia virus in tumor bearing-
patients. However, the effects of virus applica-
tion in tumor-jinmunotherapy are generally
weak and the underlying mechanisms
unknown.

Re. .ntly, H^mank^ at a1. (1979) thusl. pad
a model system to augment host-immune re-
sponses to syngeneic tumor cells that eradicate
tumor-outgrowth and Fujiwara at a1. (1980)
analyzed the mechanisms underlying this
tumor-eradication. They succeeded in
creasing the generation of cytotoxic T cell
activity against tumor cells by priming mice
with a hapten-self component and subsequent-
Iy jinmunizing the mice with hapten-modified
tumor cells. They used 2.4,6-trinitrophenol
(TNP) as a hapten to modify the surface of
syngeneic tumor cells. Using the same line
of an proneh, Tatatsu at a1. (1980) in. din*d
tumor cells with a purified protein derivative
(FFD) from My cob@cterz'"?" tuberculosis, and
demonstrated that immunization with FFD-

coupled tumor cells induced potent tumor-
eradication activity in tumor-bearing Mycobac-
ten'"in-primed mice. These studies showed
that effective preimmunization with antigens
that become attached to the tumor cell surface

is a prerequisite for such augmented induc-
tion of tumor-specific immunity.

Vaccinia virus had been extensively used for

immunization against smallpox, and its jin-
inunological memory persists for throughout
life. Moreover, this virus has a broad host
range of infection, and easily modulates the
surface of tumor cells by infection. Thus, we
previously attempted to use vaccinia virus as
a tumor-modifying antigen in the model sys-
tern of Hamaoka at al. , and succeeded in in-
ducing resistance to a syngeneic tumor,
ATH134 (from a CCl4-induced hepatoma in a
C3H in, us. ) in C3HIH. mine (Wu at al. ,
1981).

Here, we extended the principle of the pre-
vious studies and also analyzed various ex-
perlmental parameters for effective Induction
of tumor-specific immunity using 2 lines of

tumor cells, MH134 and X5563syngeneic

(from a spontaneous myeloma in a C3HIHe
mouse). Our results showed that jinmuniza-
tion of virus-primed mice with vaccinia vrius-
infected tumor cells induced potent tumor-
specific resistance in both the I\IH134 and
X5563 tumor system. This indicates the
potential applicability of vaccinia virus to the
above generalized protocol for augmented in-
duction of tumor-specific Immunity.

are

In-

MATERIALS AND METHODS

2

I. Mice

Female, 5-week-old C3HjHeN ntice \\. ere pur-
chased from Charles River Japan Inc. (Kanagawa)
or 1<indly supplied from Fujisawa Pharmaceutical
Co. (Osaka), and used at the age of 6 weel<s
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2. Tumor cells

Two cell lines of syngeneic tumors, MH13+
(from a CCl, -induced he patoma in a C3H mouse)
and X5563 (from a spontaneous myeloma in a C3Hj
He mouse) were used in ascites form. Botl\ lines

maintained and passaged intraperitoneally
in C3HjHe mice at 10-day intervals.

were

3. Pacei, ,,'a of 711s

The Ikeda strain of \, accinia \, irus, an attenuated
live vaccine for smallpox used in Japan, was grown



in chorionllnntoic it, cmbrancs (CANl) of cl. ICl< em-
brvos. Infected CAI\{ \\,"s itomogenized in Eagle's
minimunt essential mediunT (i\IEi\I) a sheet of
CANllml) aind the itomogcnntc was centrifuged at
3000 rpm at 4 C for 15 min. Tlle stipern"tnnt
Huid \\, as 1<cpt at -80 C as stocl< \irus. Tile in-
Iectious titcr of the stock \, irus \\. as usually 2 xiOB
pinque forming tinits (PFU)irul

+. 1111ect, 'o11 of 1111/10r cells

Tuntor cells collcctcd front ascites of C3HIHCN
mice \\, crc \\."shud once witl\ A{ENl, or in titc case

of X5563 cells, \\. ere suspended in itemolysing solu-
tinn (155 inIV/ NH, C1,10 nTip/ 1<HCO, , a, ,d I inA1
Na"-EDTA) to remove contaminating rcd blood culls
burorc waslting \\. itIl IVIEi\I. Tumor cells \\. cre
the it Infected \\. itI, varccini, I \. irus at a nTultiplicity
of infection (inni) of 10 in plastic dishcs of 10 cm
tliamcter tit 37 C for 21t. During titc incubation
purlod, the disltcs \\, CTC gently shakeit at 15 ntin
intcr\,, lis. Artcr Incub, it101t, tlTe cells \\, CTC washcd

oncc \\'itI\ lvlEA'I and rcsuspendcd in FTCslt A'IFA'I

supplemented \\, itIt Sri, , calf scrum, jind incubated
art 37 C for tilt additional 6 h witlT gelttlc shitl<ing ill
intcr\'"is. 'rltcn tlTc culls \\, CTC colluded 11y centri-
ItIg"tion aind adjusted to 2 XIO' ccllsjml \\, itIT IVIEA, I
UsualIv rite \, Inbilitv of \. accini, I \. irus-infected culls

Mus in orc tl, tin 90',

*;,\ ^

O .*" ,$".* d".<.' Q. ^. 90

r. *__ an ,',,*',,*~,,\^__,,
on the same day

5. Till, 101 -1'1",, 11,111'call'o11 of 1111'ce alld chaneli. qe 2.1'Ih
11/11/01' Ct/A

The c\purlmcntal protocol is shown schematic"11y
in I. ,tr. I. Allcc in group I reccivcd 250 fad witolc-
body X-r, Iy-ITr"dintioi, ;lrid intrapuritoncnl (ip) in-
jcctioi\ of I XiO' FFU of \, acciniti \, irus o1, the same
day i's X-ray-irradi"tioit (\, ticCini, I \'irLiS-priming)
After 3 \VCCIts, thcy \\, CTC Irunttinized ip 3 timcs at
WCCkly intervals \\, itIl I XIO' tumor cells, \vhiclt it"d
been Infected in \, itro witlT vaccinia \-irus and then

ITi'adjatcd with 7000 rad of X-rays. Approximately
601" and SOL of the \, accinia \, irus-infected A, IH134

and X5563 tumor cells expressed viral cell surface
antigens

Besides thc above fully treated mice, five other
groups of in ICc (groups 2-6) were set up as controls
Grouj, 2 did not receive vaccinia virus-priminrr,
group 3 was jinmunized witlT uninfected tumor cells,
group 4 did not receive \. accinia virus-priming and
was jinmunized \\. ItIT non-infected tumor cells, group
5 \\. as not jinmunizcd \\ItI, tumor cclls, and group 6
rccei\ ed no treatment. Eaclt group consisted of

2

3
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*.CS' ,. 0 ^;-'
.,?\.$. <.<

<5' ,0 6'
<$!' \' \*-

+

4 -a^

Observation

^. ^ ^,. \,

5 -'-' -

^. ^,.

6 --- ---

FIGui{E I. Expcrimcnt"I protocol. Numbers on
thc left denote experimental groups. V. V vac-

For details, see the Materials andcinia \, irus

I\lethods

\!

10 ITlICU, unless otherwise stated
it'hesc pretreated or \tn-trcated n. Ice \\, CTe chal-

ICnged ip witlt I xiO' \, lablc tumor cells or Intrader-
many (id) \\. ith I xiO" viable tumor cells I week
artcr the third immunization, and tumor growth
w"s observed for at least 4 \\, eel<s after challenge
with tLimor cells

\,

\^

RESULTS

I. De, ,IONSti'@troll of cyste"11'c ofect of awg-
Miented lint"CtiO" of t""Joy-resistance 071 17n-
MM"13nti'o11 20/1/1 111H/34 I",, 101' cells

Previously, we demonstrated that a coin-
bination of priming with live vaccinia virus
and immunization with \, accinia virus-infected

MH134 cells rendered the host resistance to

challenge with viable MH134 cells (Wu at al. ,
1981). In the previous study, we also found
that whole-body irradiation with 250 rad of

UEDA, S. at al. Tnn!or Jests!allce illdi, cert by t!dccii!,'" '11/1s 3



X-rays to eliminate host suppressor cell activ-
ity before inoculation of vaccinia virus was a
prerequisite for induction of augmented re-
SIStance of the mice to challenge with tumor
cells.

In the present study, we extended previous
finding and also analyzed various experimental
conditions for effective induction of resistance

of mice to tumor cell challenge using 6 ex-
penmental groups (Fig. I). Groups I-5 re-
ceived 250 rad whole body X-ray-irradiation,
while group 6 served as a control for confirm-
ing the tumorigenicity of the tumor cells used.

Result are summarized in Fig. 2. All mice
in group 6 died due to ascites tumor outgrowth
within 3 weeks after ip challenge with I x 105

X ray irradiation

viable MH134 cells. In sharp contrast, all
mice in group I that had been primed with
vaccinia virus and then jinmunized with vac-

cmia virus-infected MH134 cells showed coin-

PIGte resistance to IP challenge with viable
MH134 cells. Mice in group 2, which had
been jinmunized with infected MH134 cells

alone without vaccinia virus-priming, did not
show significant resistance to challenge. This
indicates that priming with vaccinia virus be-
fore immunization with vaccinia virus-infected

tumor cells is a prerequistite for the effective
Induction of resistance to syngeneic tumor cell
challenge. In fact, vaccinia virus-priming

only in group 5 did not augment induction of
Immunization of vacciniatumor resistance

virus-primed mice with uninfected tumor cells
in group 3 also did not induce tumor resist-

Priming

<. ~ .
co".

b
"

\

100
90

80
70

60

50

30
20

To

=^e
>x

(+)

(+)

=
o
^
,,
N
E
=

E

<.
co

%
too

go
80

70

60
50
40

30

20

To

o

b
"
^

"

,
"
=

>
to
.

%
too

go

80
70
Go
50

40

30
20

To

^

(-)

=
=

E

I a a 4w

2

3

X

o

%
Too
go

go
70
60

50
40

30
20

To

o

%
100

go

80
70

Go
50

40
30
20

10

I a a 4*

^

I 2 a 4W

4

^

X ray irradiation

5

FIGURE 2. Cumulative mortalities after ip chal-
Ienge with MH134 cells. Numbers in the upper
left corner of each pannel denote the experimental
groups shown in Fig. I. Each group consisted of
10 mice. Allice were challenged ip with I XI05
viable ATH134 cells. Ordinates represent cumula-
tive mortalities and abscissae, the time (weeks) after
tumor cell challenge

Priming

'" 80;
* ~ ' 70;

F = ;'I 501"; SI a=>; '130

I ' I 1'1^:-^:^;".',

o

o

%
Too

90

80

70
60
50
40

30
20

10

I 2 a 4w

I 2 a 4w

\

6

(+)

=

15<- :aGua .

== >

(+)

4

o

100 2

40 I

*

100 3

20

I a a 4w

(- )

BIKEN JOURNAL \701.27 No. I 1984

o

100 4

o

100r 5

1234w

%

^

123, wO

go

80
70
BC

50
40
30

20

10

^

FIGURE 3. Cumulative incidences of tumor out-

growth after xi challenge \\, itIT MH134 ceUs. Mice
were challenged Id in the back witlT I x 10' \, lable
MH134 cells. The ordinates shows the cumulative

incidence of tumors of more than 5 mm in diameter.
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an CG.

These results unequivocally demonstrated a
critical role of a combinatin of ip priming with
vaccinia virus and ip inTmunization \\, Ith \, ac-
cinia virus-infected tumor cells for augment-
ing induction of resistance to IP challenge with
syngeneic tumor cells

To determine whether the augmented resist-
ancc to the syngeneic tumor cells induced by
vaccinia virus in the above protocol was re-
stricted to the Immunization site or was sys-
ternic, we challenged 6 groups of mice that
had received the same pretreatments as for
Fig. 2 with I x 106 IVIH134 viable cells in-
trodermally (Id) in th" bank.

Figure 3 summarizes the cumulative tumor-
bearing ratios in the 6 groups after xi chal-
ICngc. Again the mice in group I showed
nearly complete resistance and survived.

I\Tice in groups 5 and 6 developed tumors of
more than 5 mm in diameter within 3 weeks

after challenge. A, lice in groups 2 and 3
showed only partial resistance, as on ip chal-
Ienge, and eventually died due to outgrowth
of the tumors.

I; ,"y115~, 1:16;F~ ~
Priming

2. In of 11cti'o11 of 1,111,114"e yes!'SIance to X5563
111,110i' cells

To determine whether the above protocol
utilizing vaccinia virus \\, as also effective for
other syngeneic tumor lines, we conducted a
similar experiment using X5563 tumor cells.
Figure 4 shows the cumulative mortalities
after ip challenge with I x 10' viable cells of
X5563, and Fig. 5 shows the percentages of
tumor-bearing mice after xi challenge with
I x 106 viable cells of X5563. Although re-
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TABLE I. Smut^o1 lates of 711ice jinmt, "Ised
myth o"e lzhe of tumor cells after 171 challenge
torth another lzhe of tumor cells

Challenge
with

MH134

X5563

it No. of surviving micejNo. of mice challenged

MH134

sistance to X5563 cells was not so great as to
MH134 cells, only the mice in group I again
showed significant resistance to tumor cell
challenge.

3. Specificity of resistance demonstrated by
criss-cross challenge colth two lzhes of sy"geneic
tw, 1107 cells

Next, we challenged mice that had been
fully jinmunized with one line of tumor cells
with the other line of tumor cells to determine

the specificity of resistance. Table I shows
the survival ratios of mice after ip challenge.
Mice showed significant resistance to tumor
outgrowth only when the same tumor cells
were used for immunization and challenge.

Immunization \\. ith

515"

015

X5563

015

315

antigens Induced skin reactions in rabbits
Ore and Ichiha^hi (1981) f, und that coll an"-
face antigens of vaccinia virus were recognized
by cytotoxic T lymphocytes in mice. The
broad host range of vaccinia virus and easy
modulation of the tumor cell surface by infoc-
tion with vaccinia virus seem advantageous for
augmenting induction of tumor-specific
inunity in humans. It may be possible to
modulate the cell surface of various tumors

even in situ by vaccinia virus infection. NIOre-
over, vaccinia virus has been used extensively
in humans as a live vaccine against smallpox.
Wall^ck (1981) studi. d th, .ff, .t of my phon-
tion of Iysates of vaccinia virus-infected tumor
cells in humans. He injected on colysates
many times Id into patients with various kinds
of tumors and confirmed that these oncolysates
were safe. Thus, it is likely that vaccinia
virus-induced cell surface antigens stimulate
vaccinia virus-specific helper T ceHs which
are generated by vaccination against smallpox,
thereby GIIciting augmented Immune responses
against TATA of the tumor cells in cancer
patients.

Although not shown in this report, we found
by the indirect jinmunoHuorescent technique
that mice surviving challenge with MH134
cells after Immunization with vaccinia virus-

infected tumor cells had high titers of an-
tibody against the surface of A1H134 cells. In
contrast, mice surviving challenge with X5563
cells showed TATA-specific T-cell response,
but did not produce any antibody against the
X5563 cell surface. We are currently an-
alyzing the effector incchanisms underlying
the specific immune resistance to these 2 syn-
geneic tumor cell lines.

None

015

015

DISCUSSION

The present study clearly demonstrated that
vaccinia virus augments induction of resistance
to syngeneic tumor cells as effectiveIy as TNP
or FFD in the model system of Hamaoka at al.
Here, we used two lines of syngeneic tumor
cells, MH134 and X5563, and challenged mice
with the tumor cells by 2 different routes, ip
and Id, one route being the same as for jin-
inunization, and the other different. The
present study showed that resistance induced
by this method with vaccinia virus was tumor-
specific and systemic.

Miy^in. t. and 1<at. (1968; 1971) d. in. n-
strated that vaccinia virus-infected cells ex-

pressed virus-specific antigens on their surface.
Ueda and Tagaya (1973) reported that those

jin-

6 BIKEN JOURNAL \101.27 No. I 1984
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