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Transplantable methylcholanthrene induced tﬁmor wa.s
studied in relation to tumor ilmmunity in 1ts syngenelc hests,
A/Jax mice. The tumor was characterized by cytogenetic,
histolegical and electron microsbopi procedures, A technique
was developed to establish a state of active immunity by
immunizing aninals with Seadail virus fused tumor cells., The

pecificity of immunoprotection was deternminzd by the resistence
to the challenges with visble tumor cells and the delaysd
hypversensitivity test. Adoptive trensfer of anti-tumoer immunity

-

end cellular response of lymphoid celis frem immunized mice
were followed to exanmine the expression of cell-medlated
reQCuionug Circulating antibody of the immune serum was
denonstrated by immunofluorsscent technique and the enbancing
effect on the growth of the transplanted tumor, The relation-

ship of these results to the current knouledge of tumor

Inmmology was discussed.
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- INTRODUCTION

g;storical developnent

Progress in tumor imminity had to await the development
and use of inbred mouse strains and a better understanding of
"the entigenic properties of the graft and the host, In the mean
time, a vast, contradictary literature had asccumulated and a
great part of this confusion could be ascribed to the antigenic
disparitieg existing asnong the exporimental animals used by
early investigators. The difficulties of research in tumor
immunology before the reaslization of this fact have been described
by meny authors. The origin of tumor experimental research
~during the period before 1900 has been reviewed by Tyzzer (1916)
end Triolo (1964), Other extensive reviews by Bittner (1935).
Snell et al (19%6) and Klein (1959) include the period before
1945 when the so~-called "laws" of transplantation and immunological
aspects of tumor transplantation were originally established.

The mouse systeﬁatic studies of tumor transplantation,
according to Triolo'!'s review, began with the work of Jensen
(1903), Loebd (1902) and Enrlich (1906) who wefe among the first
to demonstrate that transplantation of a pilece of tumor from
one enimnl to another would result in progressive tumor growth
in some‘cases. Loeb approached this problem by proposing and
using animals of known encestry (Bittner, 1935). A spontaneous
tumor originating in the Japanese waltzing mouse straln was

found to grow well in all members of the indigenous .strain.


http:contradiota.ry

Do

However, nice from a different albino stock were resistant
end rejected the tumor. Leob drew attention to the variations
existing among individuals of the sauwe species that might
affect the growth of the tumor. During the period of 1909

to 1916, Tyzzer and Little (1916) attempied to identify
factors responsible for the differences in the susceptibility
and resistance to transplantablie tumors with respect to the
genetic constitution of inbred, hybrid {(between the strain of
orifthin and the resistant strain) and backeross mice. The
developimnent of inbred strains began with Little's brother-
to-sister mating of dilute browan mice and the indbrecding of
other kinds of mice by Strong (1942). In 1922, Little and
Strong formulated a genetic theory of transplantation

Briefly, it proposed that the outcoms of transplantation
depends on the degree of genetic simllarity between graft

tissue and the host. Through examination of hybrid snd back-

‘..,o

1lity to

et
[N

crogs, they were able to demonstrate that suscepbib
transplanted tumors in mice depended on twelve to fourtzen
“dominant genes (Little 2nd Strong, 1924),

By 1935, further evidence in support of the geﬁetié‘
theory of tumor transplantation had established the importance
of inbred animals in tumor researchn {Bittner, 1935)., A bril-

1lant series of investigatiocns Sriell and others

)
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o
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®

demenstrated the importance of antigens in tumor and skin

rejection. Gorer (1937, 1938, 1942
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of antigens located on erythrocytes and in the tissue of

an inbred strain of mice, Tumor take or rejection by the
.animals was shown te be due to the presence or absence of
alloantigcns_(isgantigens) on the transplanted tumor in
relation to the host. Morecver, alloantibodies were induced
in response to antligens found both in normal tissue and

tumor grafts. Such antihodies could be measured by serological
technigues using erythrocytes, leukeric cells or sarcoma cells,
together with complemeﬁtu Levkenic cells were neutralized

by alloimmune serum resulting in failure of’leukemic growth

in mice. -This suggested that alloantibodles play an important
role in immunity to normal tissue and “tumer graftsq In fect,
the transplantation of tumors ususlly obeys the same rules
that govern the grafts of the normal tissue. Lack of this
mowledge has led to some perplexity in the past.

Gorer, Lyman and Snell (1948) found that the imporbtaent
histocompatibility‘gene 2 (H-2) locus was linked to the gene
for the nmouse tall deformity, "fused". This localized the
histocompatibility gene to the ninth chromosome of the mouse.

Since then,'further efforts were made bykAmos gﬁigl.(1955a,
1955b), Corer (1953, 1959); Snell (1953, i95h), Stimpfling
1965) and many others, who elucidated the complex H~2Z locus
which has meny alleles, About 20 alleles are known at this

lecus, including combinations of at least 25 alloantigenic

spetificities (Snell, 1964; Snell and StimpiTling, 1965;
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Stimpfling, 19693 Shreffler\aﬁd XKlein, 1970). Atteupts have
alsc been made to clarify the complexities of the weaker histo-
compatibility genes (Snell, 1955; Graff et al, 1966; Hildemann
et al, 1970). H-2 has been considefed tne strongest histo-
conpatiblility gene, sinée the antigens associated with 1t have
a strong capacity for inducing transplantation immunity when
comparéd with other loci.

A better definition of histocompatibility bharriers
and genes governing the presence of alloantigens has also
contributed to understaﬁding of an interesting and paradoxical
Phenomenon. It ls, so-called, "immunologleal enhancement"

which suppresses rejectlion of the tumor graft.  A-major effort

‘}

in studies of this phenomenon has been concantrated on
locating ths site of inhibition using the ilmmune response to
grafts. As Xnowledge regarding the sequential steps in inmuns
esponsivéness is still incomplete, attempts at localizing the
immune blockage have been classified info three types of
inhibitiocn, namely, the afferent, ceniral and efferent,
Billingnham, Brent and Hedawar (19556) explained afferent inhibi-
tion as the capacity of antibodies to suoppress the 1mmune
response bv preventinv tnc unuiweaic detarminants fr omn reaahing
the reylona} 1ymbﬂ nodes in an effective IO”m‘ 2 cemtra} inhibi~
tion as one in wnich an an*ibodv ,ctsAdirectly on ceglls enzaged

in antibody production; and an

....

efferent inhibltior is one which
occurs at the target cell level by reaction between antibody and

correspondling antigen recephors, leading to b]oukawe of the latter,
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Moller and HMoller (1967) suggested peripheral block
(afferent and/or efferent inhibitions) ag the primary explanation
for ilmuunological enhancement. Iﬁmune cytotoxicity &and
Inmmunological enhancement both depend on reactlons between target
cells and specific cellular or numoral antivodies,  Serum antl-
bodies k111 the target cells in vitro by conventional complementé
fixation reaction and cell death caused by participation of
complement., Cellular antihodies seem to act by a differen
mechanlsm, Immune cells carrying a specific receﬁtor attach to
the target cells and cell death appears to be the result of close
contact betﬁeen these two types of cells: complement is8.nob.

-

required Tfor the reactlion. Humoral antibodies were therefore
considered to antagonize the affect of the cellular antidbodies
by competing for antigenic determinants of target celis.
Through ﬁhe investigations of allogeneic tumor-host systems,
only IgG entibodies seem to promote immunolagical enhancement
(Takasugl and Hildemann, 1969a and b)., On the other hand, IgM

antibedies appear to be involved in resistance to allogencic

tumors (Takasugi and Hildemann, 19869a). The relationchip of

IzM antlbody cyvotoxlelity and tumor rejection, and action of
TG antibody in lovwering both these effects in immunologicsl
f% o o

mechanism, IHovever, it has recently been suggested that IgC
can manifest its eytobtoxic action wnen the density of anti-
genic determinants on the surface of target cells is high

Fa )

(Linscott, 1970).
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The introduction of graft antigens induced o lymphoid
cell proliferation during the first week as detected in enlarzed

spleen and lynmph nodes, as well as an increase of pbrjcheral
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(Woodruff and Symes, 1962; Bloom and Hildemann,
1970)., As 2 Tinal proiuét of immumnity, o population

of antiboedies arises, Little is known about the route of
sensitization of the host to tumor cell antigens and egually
scarce 1ls information with regard to the actual mechanlism of

[N

rejection., Gorer {1953) suggesied at least three different

o

effector systenms in rejeotimm. Trese include the cytoboxic

n

effect of antibodies on leukemic cells, a rejJection of solid
tumor, such as sarcom2, by activated Lyamphold cells, and the
action of macrophages on ascites tumors., HeJection has baen
conslistently associated with the zdoptive transfer of immune
lymphold cells, but not necesssarily with passive transfer of
humoral antibodies. Nevertheless, this does not mezn that serun
antibodies are not involved in rejection.

Billinghan, Brent and Medawar (1$54) were the first
to point out the similarity betwesn transplantation imn@nlty
and delayed-type hybersénﬁitivity. The resson for this
provositiocn was, besides the histologleal features, Lhe evidence
shiying the homepraft sensitivity could be transferred to inbred
norpal "virgin" enimals (thoue which had not been previously
exposed to the grafts) by means of activated lymphoid cells
from.the regional nodes ol asctively sensitized anisais.  This

transferrence of sensitivity oy immunity by activated lymphold
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cells 1is known as adoptive transfer and was first demonstrated
with respect to tumers by Mitchison (1954), Similar transfer
has been shown by Billingham et al (1954) and Brent et al
(1959) with orthotopic‘skin'transplantahion; Klein (1960),
Koldovsky (1961) and 013 et gl (1962) transferred immurnity

to chemically induced tumors in inbred mice by administration
of spleen and lymph ncdes from immunized to non-immunized
animals. A similar observation has been extended to tumor
graft sensiti?ity in inbred guines pigs (Oettegen et al, 1967;
Oettegen et al, 1968). Although at one time it was a matter

k4

of dispute as to whether delayaa hype ens itiv;ty ocours in
mice, it has in fact been established by several investigators
using microbial pure protein antigens (Gray and Jeuning, 1955;
Crowle, 1959). Developmnent ofrdeiayed hypersenéitivity to
chemically induced tumors has lately been demonstrated in guilnes .
pigs, rats and mice (Kronman et zl, 1969; Zoar et al,- 1969;
Wepsic et al, 1670; Wang, 1968; Hallida? and Webb, 1969; Hoy

and Nelson, 1969). In the mouse, delayed-type hypersensitivity
1s best demonstrated by injecting antigens in footpad., This

has been doné for a variety of antigens inciud‘pr allogenic
tumbrs (Wang and Halliday, 1967) and chcmically indueced tumor

of inbred mice (Halliday and Yebb, 1949).

It has been essumed that tumor or homezraft rejection

.
4]

nediated throvg% purely celliuvlar nrocesses, without

e "

incorporation of serum antibodies, This was tased on the znalogy
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between delayed-type hypersensitivity and transplantabion
immunity, thelr lack of transfer by immunes serum and reduced
imminity associated with the phenomenon of immunoliogical
enhancemené.’ Lately, however, this problem of the role played

. 1 -

by humoral antibodies in the rejzction of grafts has bhsascome

the object of somz controversy, part of which has been

mentioned earlizy in relztion to inmunclogical enhancement.

At any rate, 1t seems safe to say that delayed-type hypersensiti

eactions, in ad Llon to confirming the specific antlg'niuluy

=

of a tumor, provide a convenient means of detecting tumor antiz=sus

and also could be used as an assay during the exfraction of

these antizens, as sugsested for guinea pig tumors (Churehill

In light of recent development in immunobiolopy, small

Eymbhocytes have finally been reconsnized as a class of cells
with functional potentials, One of the most important

£
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functions of these calls

@

the state of specific immunity involving the differentiation

of cells in at least two directions. One 1leads to ths producti

of cells sgpecializing in gynthesis and releasgss of humoral zanti-

bodies of the various immunoglobulin classes. The other leads
to the production of specificaily activated (Seﬁsitized) cells
which are resvonsible for initiating the svents recoganized

as cell-mediated immunity. The role of small iymphocytes

in immune respornise has been reviewed extenzively (Ford et al,

P4 - < . .
1905; [q ,{inoajaq ulf‘sl A ’ ‘}“ﬁt; 1936: S‘L l’),"l(‘; 1):‘7,’ r)&}’{l?ls

ging

on
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et al, 1968). By further investigations of Nowell's (1960)
orlginal observation 1t 1s now possible to study lynmphocyte
proliferaticn in vitro. This technique has allowed us to
reconstruct and study the proliferative phese of the immune
response in an independent system.

Lymphocytes may be induced to enter the mitetic cycle by
various agents including plant extracts, phybtohemagslutinin
(PAA) (Gowans, 1962) =nd pokeveed (Farnes eh al, 1964), anti-
lymphoeyte serum (Grisbeck et al, 1964), anti-immunoglobulin
“serum (Sell and Gel], 1965), and bacterial vroducts, streptolysin
S (Hirschhorn et al, 1964) and staphyloccal culture filtrate
(Ling et al, 1965). These are well known examples of nonspecific
stimalators. The oignifjcanoe of the lympbooJue translormation
Induced with 2 nonspecific agent such as PHA is unclear. Howaver,
PHA induced blasts have merphological characteristics in common -
with cells transformed by s?ecific anﬁigens and with 1arge
pyroninophilic cells (LPC) that appeer in certasin cellular imrune
responses in vivo (Gowans, 1962)., Therefore in vitro hexnvior

- of lymphocytes provides a model in which the in g;gg“immuno~

proliferative response as vwell as differentiatlon can be studied,
There- 18 no convincing evidence that FPHA scts as an suii
though PHA induces an enormous stimulation of lymphocyie

-

proliferation suggestive of the lmmune response. It becomes
gene sctivation (Pogo et al, 1966, 1967; Johnson and Rubin, {9707,
Antigens nay oroduce 2 sinilar effect

>

be elieited thrcugh a ¢ifferent mechanisa,
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Auto- and iso- immunity

Befora 1953, the type of tumor transplantation immunity

reported ocurred excliusively in situations where the host

.end transplanted tumor were of different genetical backzground

~and constitution. To develop anti-tumor immunity in syngeneic

animals (i.e. colonies in which all members are genetically
identical and will accept skin grafts from one another) agalust
their strain-specific tumors as well as to develop immunit

in autoechthonous animala against their ovn tumors has been a

-

central problem in experimental tumer research, The object of
such investigations has apparently the prOSpect of tumor therapy,
hoping that tumor immun ty could be induced by methods used in
microbial immunity. However, it became clear wradudlly that

the immunity, which could be induced against a transplanted tumor,
did not produce immunity to spontanecus tumors, In light of the
development of immunogenetics, an lmproved understanding of thie
genetic deternmination of histoconpa ibi]xty' which 18 conmon to

both neoplastic and normal tissues, was reallzed. Although

animals could be immunized against tumors from genetically

1fferent animal it seemed aprarently ﬁot rossible Lo immunize
them against their own tumors wheﬁ 110 Known hiStogomp&tibilit?
differunce° existed., Nevertheless, attempts to demonstrate

tumor specific lmmunity have continued. Efforts in this direction

have been dis“ypqintinb, and some cases where positive results

o

were c¢laimed, therc was digsgreement with regard to in erp?etat

G
ransplanted tumors,

<t

53) reported that rewowval of

&

Foley

‘;._.I
Nl

ie
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recently induced by methylcholanthrene (MC), resulted in
‘some resistance to subsequent challenge with the same tunmor,
However, when a "spontaneous" adenocarcinoma was grafted to
other syngeneic mice and tﬁereafter surgically removed, no
irmunity could be deménstrated to the same tumor. Prehn and
Main (1957) similarly found that 12 out of 14 MC-fibrosarconas
could produce immunity to each tumor in inbred animals. Yet,
seven spontaneous fibrosarcomas of the same histological
appearance as the induced neoplasms, did not induce 1mmﬁnity.
The same authors also demonstrated that no immunity to iso-"
antigens of tumor cells was lnduced by transplantaetion. The
possibility of residual heterozygosity in the experimental mice
has been exclﬁded by their findings: (i) pretreatment with
normal tissues from the original nmouse did not produce tumor = -
resistance; (11) skin from the primary tumor host was not |
rejected when grafted to syngenelc mice pretreated with the
tumor; and (1ii) mice of the strain used accepted intrastrain
skin grafts. These results strongly suggested that each of
the MC=induced tumors had speclific antigens not present in
- normal mouse tissues, while the spontaneous tumors possessed
no such detectable antigens,

The results of Foley and of Prehn and Main were confirmed
by Revesz (1960), Klein et al (1969) and 01d et al (1962). Anong .
some of these experiments, a different immunizing technique was

employed. X-irradiated tumor cells were injected subcutaneously
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and challenge doses consisted of graded numbers of viable tunmor
cells, In the investligation of Revesz, before glving the tumor
graft the mlce were injJected twice with irradiated cells from
the same tumor taken from its first and second trangfer in other
syngenelc hosts. While the tumor took in 56% of the control
mice, it developed only in 15% of the treated mice. Pretreat-
ment with normal tissues did not affect the outcome of tumor
transplantation nor was the persistence of skin grafts influenced
by injection of irradiated sarcoma cells, However, no clear-cut
resistance could be demonstrated against nmammary edenocarcinomas
originating spontaneously in inbreéding fenales or against
spontanecous lymphomas., Klein et al (1960) showed that in 19
out of 22 tumors, 5 to 1000 times more cells were necessary for
progressive growth in the treated animsls than in untreated
controls.,

In an investigation by Hirsch et al (1958), an attempt
was nmade ﬁo immunize inbred mice by injecting them with the
first transplant-generation of spontaneous adenocarcinoma cells,
The mice were then challenged with the second transplant-genersation
of the sams tumor after removal of the first tumor. No difference
in time of appearance of tumor or in mortality rate between experl-
mental and control groups were found. Nevertheless, the treated
mice showed & small but significant increased survival time com-
rared with the controls. These results might be considered as evi-
dence that lnbred mice developed weak immunity against spontaneous
tumor due to thelr possesslion of weak_tumor specific transplanta-

tion antigens. In fact, some tumors, considered as spontaneous in


http:ma!l1fil.9.ry

origin, are now known to be virus induced, such a8 mapnary
adenocarcinonas, When appropriately studied in virus-free mouse
strain, these tumor$ were shown to induce tumor specific
transplantation immunity (Rigehs and Pilch, 1964), Most of

the high tumor incidence strains of inbred nics are carrying

the virus which was passed from mother to younzg. The young

developed a tolerance by early exposure to the virus (verticsl

of ilmmmoleoglcal

&)

trensmission) and the animals showed absenc
activity, tut not because tumor specific tran splentation
antigene (TSTA's) were lacking.

The guestion whether it would also ba possible to induce
inmmuinity against liC-sarcoma in the primpory savitochthonous host
has been studied by Klein et al (1960). The tumor-bearing
leg was amputated, and hesvily irx rudiavwi cells from the tumor
Injected back into the came mouse; two additional immunigzations
vere given of irradlated cells from the two first transfers of
the ssme tumor in the syngenelce hosts, Twelve of the 16 mrimary
tumor hosts tested showed resistance to their own tumers. In thi
case the possibility of heterozygo ity in anirals wac compiﬂ*eﬁv
ruled out, since {the tumor challenge undexr this glven condition

was an autogralt. The results also showed that animals bearing

bumors are not incapable of protecting themselves againgh their
own autochthonous tumers,

Y

The existence of tumor soecific

Ay

ntigens in MC-induced

tumors is well documented (XKlein et 21, 1960; 01d et al, 1962;
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Prehn, 1963; 01d and Boyse, 1964; Sjorgen, 1965; Klein, 1966).
One advantage c¢f using chemi0211v induced tumors in the
xperimental tunmor research i1s that each tunmor appeared to be
entigenically different from other tumors, despite the fact
thet they are induced in the same animals or in mice of the
sane genotype (Klein and Klein,>l962; cld et al, 1962), However,
Prehn (1963) has pointed out two pairs of tumors which showed
cross reaction, namely, ah imals inmunlzed with one tumor of
the palr produced resistance against itself és well es aga inst
the other tumcr. The specificity of the immune reéctions of
this type has been qguestioned, since it has been demonstrated
that treatment of mlce with tumor or normal tissues sometimes
induces a nonspecific stimulation of the prinary immune response
against a subsequent antigenic tumor challenge {(Klein and Xlein,
1962). This nonspecific effect, inbcontrast to a tumor specific
stimulationg could be eliminated by a low dcosge of X 7?“} 2dietion
(350-400 rads) of the treated animais, 24 hours prior to tumor
chailenge; Thié teéhnique has a2lso been used to aetec* mi Piﬁﬂi
resistance to chemically inbiced tumors (Klein et él: 1960,

3

ogren, 196L; Baldwin et al, 1967a).

83
FC-induced tunmors, as the prototype c¢f chenlcally i1nduced
neoplasmns, have been investigated extensively, since these

tumors possess relatively strong tumor-~specific anfiq ens. Tumors

)
fd

induced by other carcinogens have g0 been tested in sinilar
experiments., For example, tumors induced by 3,4 benzpyrene

(Feldman et 21, 1963; 01d et al, 19%42), diben {z,h) anithracene

anian  am——
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(Prehn, 1960) and aminoazo dye (Baldwin et al, 1967z, 1967b,
1969) .

With knowledge concerning the principles controlling the
identification and response of tumor specific antigens of
transplantation typelin animals, it is always exelting and
inportaent to develop a technigue of establishing a state of
active immunity in syngeneic host animals. In additlion to the
application of conventional tumor immunlizing technliques as
previously described, immunization to certain tumors also
has been achleved with tumor cells treated with garlic extract
(Fujiwara and Natata, 1967), ilodoacetate (Apffel et al, 1966),
nitrogen mustard N-oxide (Ishidate, 1967) or neuraminidase
(Currie and Bagshawe, 1967, 1968a, 1968b, 1969; Bagshawe and
Currie, 1968). The rationale of inducing immunity with these
various preated tumor cells scemed to obtaln attenuated cells

which retained or enhanced their tumor antigenicity.



Backeround of the present study

It is believed that a barrier of eialonmucin layers in
the zona pellucida of blastocyst and in the placenta prevent
the mother's recognition of the conceptus &s noun=self
(Billingham, 1964; Billingron, 1967; Bagschawe, 1967; James,
1969). A similer barrier which prevents recognition and
rejection of the conceptus (alloantigens) also exists on the
cell surfaces of melignant tumqrs on which TSTA's are thought
to be masked (Currie and Bagshawe, 1967)., Tetraploidy of the
conceptuses has been shown to be lethal and the conceptuses
regularly aborted in mouse (Beatty, 1957) and in man (Carr,
1970). It seems possible that these conceptuses with higher
plolidy of chroﬁosomes were rejected by the mother and abvorted
on an immunological baslis, as these conceptuses have not been
found to develop to term. An attempt was made to evaluate
. the response of the body te the tetraplold cells by using
MC-induced tumor and its syngenelc host (mousé).

In this connection, colchicine was used to induce tetra-
ploid tumor cells in early experiments, but it was not regularly
successful, Fusion actlivity of Sendai virus in cells has come to
our attention (Okada, 1962a, 1962b; Harris et al, 1966). The
virus could induce near-diploid MC tumor cells to binucleate
(potentially tetraploid) and other higher multinucleate (polyploid)
cells, Ultraviolet light was used to inactivate virus 1nfect1vit§
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without affecting the property of cell fusion, since mouse
cells are permissive to Sendal virus infection {Yergenian
and Nell, 1966). The subject of main concern in this thesis
18 a techniqus involving the injection of multinucléate cells
fused by treatment with Sendal virus. Active immunity was
established using multinucleate MC tumor cells in A/Jax mice.
The degree of inmunogenicity in this system was tested and
compared with that induced by neuraminidase treated cor gamma
(Y) irradiated tumor cells. Moreover, immune state of the

Ty

o

immunized animals were further assessed by dslayed hypersensitivy
test and adoptive transfer of anti-tumor immunity with lymphoid
cells fronm imnmunized animals., An attempt was also made to
relate in vitro information with and without presence of FPHA

to in vivo immunoproliferative respcnse of lymphoid c2lls in

immunized hosts using tritiated thymidine incorporation assay.
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MATERTALS AND METHCDS

I+ Tumors and Host Strain

The first tumor, designated as NC, was cobtained fron

Dr., R.C. Buck, University of Western Ontario, lLondon, Ontario
This tumor was induced by subcutaneous injection of 3-methyl-

1 A/Jax male mouse in 1961, Since then

\(

cholanthrene® in a strai:
it has been carried in its indiginous hosts by intramuscular
injection’of a cell suspension, The MNC tumor was histologically
characterized as a sarcomz,

The second tumor, designated as 3P, was used in sone
experiments as a controle This tumor arose svonbtansously on

the neck of an A/Jax male mouse which was immuns to MC tumor

-

at the time of occurrence. The nistological

=

ectures of tThe

.! -

Urimary SP tumor were of paroblc salivary gland nyocepithelioma,

as 1t appeared that some arezas of spindls shaved cells were

present in bundles and e pseudoacinar vattern was showm in some

e}

other areas. Encansulation of the tumor was noted macro-

scopieally and microscopically,

¥ The nomenclature of methylcholanthrens has been

changed from 20-methyl-~ to 3-asethyl-cholanthrene in accordance

with IUPAC nomenclature rule {A-23.1). The numbering and

structure orientation of cholanthrene are given below:

2HC —CHp . .

12 ! Nomenclaturse of Orsanic Chemistry,
(19,?) Butterworths Scientific

114" 72 Publications, London, England.

18
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Both MC and SP tumors were transplantable in A/Jax
mice, either male or femsle. The A/Jax mice were obtained only
from the Jackson Memoriel Laboratory, Bar Harbor, Maine, The
diet consisted of Purine Chow Breeder Pellets, For use in the
experiments, the mice were randonly distributed in polyethene
cages in groups of five, To avoid any immune reactions
agssociated with sex determined antigens, only male mice were
used throughout the experiments as both tumors were originally
derlived from males,

Tumors were removed aseptleally from the nice killed by
cervical dislocation. Single cell suspensions were prepared by
teasing the tissue gently in a Petrl dish containing Hanks!
Balanced Salt Solution (HBSS) (Difco Laboratories, Detroit,
Mich,). Tumors were minced using scissors. The chopped tumor
suspension was then sucked into one ml, syringe through a 23
gauge needle when the fragments were largely dispsrsed. The
suspension was processed, counted and diluted to & desired
cell concentration. One to 6 million tumor cells were injected
about every two weeks into 2 to 3 virgin male mice for main-

taining the tumor lines,

II. Histological Technigues

Pieces of tissue were fixed overnight in 10%Z neutral
buffered formalin or Davidson's fixative (formalin, 20 parts;
95% ethanol, 35 parts; glaclal acetic acid, 10 parts; end
distilled water, 35 parts). After fixation was complete, the
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tissues were then embedded, sectioned and stained with
henatoxylin and eogin in a routine manner carried out in this

laboratory.

11T, Electron Mlieroscovny

1. Reagents
(2) Phosphate Buffer: Solution A=7.1 gm., NaHPO4 in

500 ml., distilled water. Solution B=6.8 gm. KH2POJ in 500 ml.
distilled water., Before use, 7 parts of solution A were nmixed
with 3 parts of solution B to give a solution of 0.1 M, pH 7.2.

(b) Veronal Bﬁffqgr 1.5 gn, of sodium veronal

(barbital) and 1.0 gm. of sodium acetate were dissolved in
© 50 ml. distilled water.

(¢) Osmic Acid:s 2% buffered osmic acid (British Drug
Houses Ltd., Poole, England) was made by adding 30 ml. distilled
water,‘lo mli, of 0.1 N HCl with 1 gn. of osmium tetroxide and
10 ml, veronal buffer, After 24 hours at room temperature,
2,25 gm, of sucrose was added to the solution.

(d) Glutaraldehyde: 3.5% glutaraldehyde solution was

prepared by mixing 7 nl, of 25% glutaraldehyde (Eastman Organic
Chemicels, Rochester, New York) with 43 ml. of phosphate buffer.,

(e) Epon: Solution A was prepared by mixing 62 ml, of
Epon 812 (Shell Chemical Company, New York) end 100 ml, of
Dodecenyl succinic asnhydride (DDSA) (E.V{ Roberts and Associates
Inc,, Cuver, California). Solution B was made by mixing

100 ml., of Epon 812 end 89 ml., of nadic methyl snhydride (NMA)



(E.V. Roberts and Associates Inec.). Prior to embedding,
solution A, solution B and accelerator, 2,4,6-tri-di-methyl
phenol (DMP) were mixed in the proportions B9%: 49%Z: 2%.

(f) Uranyl Acetates 6% uranyl acetate (British Drug
Houses Ltd., Poole, England) was made up in absolute methanol.
The solution was oooled and filtered through Whatman No, 1
filter paper before use.

(g) Lead Citrate: 0.35% lead citrate was prepared

by adding 0.1 ml. of 10N NaOH and 0.35 gm. of lead citrate to
100 ml. of distilled water,

2, Fixation, embedq;ng; sectioning and examination
| Thin tumor fragments were rinsed with cold HBSS,

then prefixed in 3.5% glutaraldehyde in phosphate buffer of
PH 7.2 for 20 minutes. The glutaraldehyde solution was discarded
and replaced with 2% osmium tetroxide in veronal buffer of pH ’
7.4, This post-fixation process ﬁas continued for 40 to 60
minutes., The specimens were then dehydrated in 70%, 95% and
absolute ethanol for 15 minutes each in an ice bath, then
passed through two changes in propylene oxide for 15 minutes
at room temperature and embedded in Epon 812,

The blocks were incubated at 60°C for 24 hours,
Following trimming, the blocks were cut with a Relchert ultra-
microtome equipped with a glass knife. Ultrathin sections on
water reflecting grey or silver were selected, mounted on the
dull side of 300 mesh copper grids (Ernest Fullam Conpany,
Shenectady, New York) énd stained with 6% uranyl acetate in

methanol for 15 minutes at room temperature, then rinsed in



three changes of absolute methanol., The sections were double
stained with 0,35% lead citrate for 10 seconds and rinsed in
two changes of water. The above mentioned steining and rinsing
processes were performed by placing the sectlon side of the
grids down on a drop of staln or solution which was previously
dropped in the flat surface of a dental wax plate. Observatlions
end electron mlcrographs of sections were made in a Philips EM
300 with a 60-Kv beam or & RCA 3H with 50-Kv beam electron

microscope.

IV, Diffusion Chamber. Culture Technique and Chromosome

Preparation

1. Diffusion Chamber Culture Technique

All cultures for chromosome preparations were made
from short term cultures in vivo by a modification of the
diffusion chamber technique of Gilmen and Basrur (1968)., A
cell suspension containing approximately 1-3 x 106 cells, or
small fragments of tumors or embryonic tissues in HBSS were
introduced into the open side of a sterile diffusion chamber
whose other side had prevliously been sealed with menmbrane,

The open side was then sealed by membraene with MF cement in the
assenbly tool (Millipore Ltd., Montreal), The complete
chambers were submerged in prewarmed HBSS until implanted by
surgical technique into the peritoneal cavity of each reclipient
mouse and the anlmals were kept in cages for 3-4 days.

2. Chfomosome'Preparations
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(1) Beagents

(a) Colehicine Solutions The stock solution was
prepared from colchicine powder, 622325N06 {alkaloid, U}S;P;;
Fisher Scientific Co., New York) to 1 mgm, per ml, in distilled
water and stored at 4°C for no longer than two months before
use.

(b) Bypotonlic Solution: Scdiunm eitraste was used

to suell the celle pricr to fixstlon. Both for embryocnic cells
end tumeor cells, G.9% sodium c¢itrate in distilled water was used.

(¢) Fixatives The hevvested cells were fixed with
acetic alcohol, freshly prepared by mixing one volume of glaclial
acetic acid with three volumes of absolute ethanol. Subseguently,
bed acetio acld wasz used to rinse the scetic alcahulrfrom the
fixed cells prior to staining.

(é) ééfbdi'Fﬁchsin Stain: Staining solution was

prepared by mixing 45 ml., stock sclutlion B with 6 11, glacial
acetic acld and 6 ml, 37% formaldehyde. Stock saluti@an was
made up by 10 ml, stock solution A (Basiec Tuchsin [CP-k1:
Colemon end Bell), 30 gm; 703 ethenol, 100 ml) end 90 ml. 5%
phenol distilled water. The solution was ceooled and filtered
th:sugh Whatman Ne. 1 filter pepecr before use,

(2) Techmigues

To arrest the nltosis of the ecells in the chambars

the recipient animals were injlected intreperitonealliy with
¢olchicine at the rate of 1 ganma pe¥ 1 gm. ¢f boldy wslght
approxipately three nouwrs bafore chambey remcval. . Care was

taken not to punctiure the chambers &t injection. After the
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chamber was removed from the animal, membraene from one side of
the chambey was cut open and cell suspenslion was transferred
into a centrifuge tube, To ensure that most cells were removed,
the inside of the chamber was then flushed with HBSS and the
suspension was pooled,

The subsequent procedure of chromosome prepsration was &
modification of the technlque for leucocytes described by Carr eand
Walker (1961)., HBSS was removed by centrifugation at 1,000 rpm
in a clinicel centrifuge for 10 minutes, The cells in the tube
werc treated with prewarmed (37°C) 0,9% sodium citrate for 10
ninutes at 37°C, After centrifugation and removal of the super-
natant hypotonic solution, the pellet of cells was fixed with
‘chilled freph acetic alcohol for 10 minutes and rinsed with~45%
acetic acid in water. A small amount of 45% acetic acid was left
in the fube meking a moderately dense suspension. One or two drops
of cell suspension were placed in a precleaned microscope slide
(25 x 75 mm) and covered with a siliconized coverslip. The
slide, protécted by two layers of bibulous paper, was pressed‘
for about 10 seconds with a 2,5 Kg. copper rod which was held
vertically in loosely fitting clamps. The slide was placed,
coverslip down, on a block of dry ice for 4 to 5 minutes, and
the coverslip was removed qulckly with a razor blade, The
slide was immedlately plunged into absolute ethanol for a few
seconds and alr dried., The slides were stalned in carbol
fuchsin for 7 minutes and subsequently dipped into each of a
series of gr@ded ethanols and xylene for 5 to 10 seconds each.,

The preparations were finally mounted in DePeX (G.T. Gurr Ltd.,



London, Engiand) with precleaned coverslips.

V. CGrowth and Titration of Sendai Virusg

1. Source ofVSendai Virus
Seed virus was obtained from Dy, F.P. Nagler,
Laboratory of Hyglene, Department of National Health and
Welfare, Ottawa, and also from Dr. H. Harrls, Unlversity of

Oxford, London, Fnglend. These were stored at -76°C.

2. Growth of Sendaj Virus

The reconstituted seed virus was passaged at a
dilution of 1:10,000 in 10-11 day-cld.fertiilized hen eggs by
allantoic route, Virus dilutlons were made in sterile
physiological seline., For incculation into the allantoic
- ecavity, O;l«mla of virus inoculum which gave about 1 to i0 HAU
(Hemagglutination units, see below), was injected through a
small h@leipunctured previously in the egg shell, The site of
injection was determired by candling the eggs in the dark and
marking the upper margins of tThe alr sac in the af@a oppagyte
the side of the embryo., After swabbing with 95% ethanol, a 1.5
inch 22 galtge needle on & 1 ml. syringe was 4directed through

the shell and dovm to the sllantolic ecavity

o

r about 0.5 inch.
The hole of the inoculation site on the egz shell was sealed
with hot wax and the eggs were incubated for #0-68 hours at 37°C
in & humidified incubator, After incubation, they were placed
at 4°C ovafnight or until fully chilled, The allantoic fluld

was cocllected by cutting asway the shell over the air sac,
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remeving part of Lhe overlylng membranss sand asplrating with

a sterile pipstte. The pooled sllantolc fluids were stored

34 Titration of Sendal Virus by Henw Jv%ith%on
Serial two-feld dilutlione of harvested virus were

prepareaiﬁn 0.5 wl, volumes of physiological saline in 8% mm.
x 10 mm, kitration tubes, To eech tube was added 0.5 ml, of
0.5% (vacked volume) suspeusion of washed chicken red blood
cells (BB@). Tubes were shakon and steed in & perpendicular
positggg_gt room temperature for two hours. In this procedure
the presence or absence of hemagzlutination was indicated by
the distribution of chicken EBC as they settled te the bottom
of the tuﬁes. Agglutinated cells were seen mere of less evenly
distributed in a thin layer over the entire bLottom of the tube.
In the ab#ence of agglutination, cells were seen only in the
center of]the bottom in the form of a compact "button',

Partial agglitination was indicated by intermedliate types of

patterns‘f The hemagglutinetion (HA) titer was taken as the
T cken REC

‘highest diFuticn of virus prior to addition of chi

suspension, which produced ccomplete azglubination of the RBC.

?ltraviglet Lieht (UV) Inachivation of Sendai Virus

| Three ml, of virus in a & em, dismeter Petri dish
was plucﬁﬁjiﬁ cn.  from a General ZFlectric type & 8745, UV tuhe
and expgﬂﬂﬁ for 10 minutes with aglitation at svery 2 ninuts
Intervals, The Intensity of radiabion ineldent on the surlace
of the fluld at this distanos was given by the menulasiurey sa

ah " - - P ~ 2o
0,14 watts|per sgure [seb.



http:t:~~~~1r!!~ill-L,tgllt~_(Q.Y.LI
http:agglu.cinr~-t'i.on
http:compa.ct
http:indicat.ed
http:sali:.ne

VI. Cell TFusion and Cell Sevaratbion

Single tumor cells were fused by & technique essential-
1y as desoribed by Harris gﬁ'gé (1966}, Prior to cell fusion,
diseoclation of tumor cells was obtained by forcing the tumor
fragments in and oub of a syringe without & needls and finally
presaing through a 23 guage needle. A swall quantity of HBSS
wag used to facilitate this operation. Clumped cells were
allcwed to settle in o tube for 1 to 2 minutes and the supernatent,
which was virtually a suspension of single cells, was removed
to ancther tube. Thls step was ecsential Lo obtain cell pre-
paration suiteble for cell fuzion. Cells, suspended in 10 to
15 ml, of HBSS, were centrifﬂged at 1060 vpa for 10 minutes.
ina c¢linical centrifuge end régﬁspénded‘in EBSS, Aliquots of
the cell suspension were removed and tested for cell viability
by trypsn blue dye exclusion. Viability was expressed as‘the
percentage ratio of unstalined cells to total cells counted.

Cell suspensions -with over 80% viability warevuse& fbr'fusian.;
Cne to 2 millicn cells were resuspended in 1 ml, UV inactiveted
Sendai virué containing approkimately 2500 HAU, ,Thé mixfure

. wag allovied to stand in en ice bath with froequent agitation

for three changes of virus sugpension; each chenge reumained in

the cold“forlabout 15 minutes. At the end'of the perioed, the
exéess virug in the cell suspensicn was washed off with pre-
‘wasrmed (379C) HBIS convalining 15% of fobtel ecalf serun (CGrend
Island Biological Conmpany, Grand Island, Now York)g The cells
with sbout & mi. of medium remaining in the tube,vw&ré»transferr@d

to & water bath or an incubator st I79C for 230 to 50 minutes



wlth occasional agltation. It was found that the concentraion
of fused cells could be increased by the use of discontinuous
Ficoll gradients, Ficoll solutions were prepared as follows,
100 ml. PBS without Ca** and Mg'™ in & 500 ml. besker were
prewarmed in a 56°-69° water bath., 100 gm. Ficoll was added to -
the solution and mixed by stirring until 1t turned to & "marshe
mallow-like" soup. It was left at room temperature overnight.
The density of the stock solution and following densities of
the solutions in gm/ml, 1.110, 1,0900, 1.0700, 1.670, 1.0660
1.0600, 1,0500, ﬁere prepared by a hydrometer at room |
temperature., PBS without catt and Mg++ was used as dlluents
throughout,

Solutiéns were sterllized by pasteurization. Solutions
were kept at 4°C, but eluays warmed to room temperature before
use, . |

Each gradient solution in amount of 0.5-1 ml. was put
into 10 ml, tubes used in SW 39 or SW 50 rotors, by holding the
tip of the plpette ageilnst the side of the tube and allowlng
the solution to flow slowly. The most dense solution was first
introduced into the tube, and others follcowed in high to low .
density taking care to avold bubbles, The cell suspension
(0.5-1 ml.) were carefully overlayered without mixing at the
interphase., The tubes were centrifuged for 15 minutes at 2000

rpm. in Spinco Model L2,
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After centrifugation, two major visible bands in the
tube were observed: the upper band and the lower band which

-

ap ivared much more diffuse and wider - -than. thn Tormer one. - e

by

-

The uwpper band conteined mainly slingle mononiucleate cells whillie .
the lower oune was pfedominwa 1y of multinucleats fused cells.
Fractions were Lﬁitj&lly collected by puncturing the cehtrifuge
tube with a Buchler drop collecting unit (Buchler Instruments,
Fort Lee, N.J.). ‘However,Athe rate of dr>un*ug was slowed

down and eventually stopped as the band of the fused cells was

3

approaching to the botton. In addition, some trace ofv¢e11
was dragged along the wall of tube when the lower band was
descending, although the tube had been siliconigzed before use,
| Becau se of these tuuhﬁipai difficuit;es, the'layeré
were removed from the lower band then the upper bend, using
akﬁ inch canula fitted to 2 2 nl. disgposable gyringe or using
a pipette with fine end and neck, The bands were suffidiently
far apart but it was not possible tc remove the vand without

conbam;ﬂoujon with cells of the adjdcﬁnf bqqd
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VIiI. Immmization and Challenge FProdecures

Bach immunizing dose of fused cells was estimated on
the basis of total nuwmber of nuclel instead of the nunber of
ceils. A milliion nuclei of fused cells was used for the dose
of tumor immnization., The concentration of fused cells was
determined by subtracting the number of single cells obtained
before fusion. The lnoculum of estimated dose was concentrated
into 0.2 ml., for injection.

Active immunization of A/Jax male mice was accomplished
by intramasculer injection of the prepared immunizing dose of
one million nuclei. One to three injections were gilven inbo a
hind lez each time, left and right alternatively, of eansh mouse
at 10 day intervals.

Tumor challenge in the treated and untreated control
mige were performed 10-12 days after the last immunization by
intramuscular injection of C.1 ml. tuwrpor suspension containing
1 x 10° viable cells. Subsequent‘challenges were carried out'
at 15 day intervals,

In addition to immunizing mice with Sendal virus-fused
éells; two other techniques were usad for comparison. These
Involved the use of neuraminldase treated tumor cells or cells
which hed received ¥-irradiation.

. In the experipents using neuraninidase, the enzynme

preparations were cobbained from two sources, The first one

was prepared from Clostridium perfringens ("NEUPY, lot 7LA,


http:conta.ini.ng

31

Worthington Bilochemical Corp., Freehold, N.J.) in powdered

form with activity of 0.5 units per milligram, Before use, it
was made into suspension with 0.1 M sodium acetal-acetic acid
buffer of pH 5.0. The second enzyme preparation was a purified
filtrate from culture of Vibrio cholerae., It was supplied in an
acetate buffer at pH 5.5 containing calclum ions and had a
quoted activity of 500 units/ml, (Behrinwerke, Batch #966E,
Hoechest Pharmaceutical Co., Kansas, Mo.)

After washing twice in HBSS, 10-15 x 106 MC tumor cells
were incubated in 1.0 ml. of either acetate buffer, pH 5.5 in
undiluted 500 units/ml. neuraminidase, or in neuraminidase
previously heated to 60°c¢ for 30 minutes. The tumor cells
were incubated at 37°C for 45 minutes with periodic shaking
and then washed again 3 tihes in HBSS, Cell viability was
assessed by trypan blue dye exclusion before and after incubation.
The cells then served as immunizing inocula. Each mouse
received 1 x 106 cells intramuscularly.  Procedures for
immunizing and challengingkwere similar to those used when
fused cells served as the immunizing dose.

In the experiments using gamma irradiated cells, the
tumor suspension in HBSS was exposed to 15,000 fads 1h an open

retrl dish employing a 2000 Curie Cs 157

source. The dose of .
irradiation used was according to Revesz (1960) who suggested tﬁat
immnization with tumor suspensions irradiated with 14,000 to.
20,000 rads is very effective against tumor induced by chemical

carcinogens,



VIiI. Delayéd Hﬁw&fsansiﬁiviﬁy TéSt

Tumor cells (ox other materials to be testea) were
injected intradermaully into the hind foot rads of  tumor
immunized mice, tumor bsaring micg, or norral contyrol mice,
using a tuberculin syrings and 27-gauge ncedle to deliver
o,ozrml. Specific HC tumor cell su%pension or eztract was
injected into the left foot, and other materlials (e.g., non=-
specific tumor, SP, or physiologinal saline) was injected B
into the right foot fof direct compzrison, Thelfwct thick-
ness was measured before injection, ond 24 end 48 hours after
injecticn, with a dial gavge (fQuickest" caliper, Type A.024,
H.C. Kroplin GmbH, Hessen, Germany). The foot-pad reactions
of some represeﬁtative mice were ézaminéd mibroseop&caliy,
after the fool waé apputated and rrocessessed with {ixing,

decalcifing, sectioning and staining in hematoxylin and. eosin,

IX. Adoptive Transfer of Immunity

- Spleens and regional lymph nodes were obtained asepticele
1y from ipmunized mice. Each spleen was grouped aeparatély
and lymph nodes were pooled from 5 to 10 mlce each timé. The
resulting suspensions were wéshed twice In HBSS and counted
in henocytometer (with 10% acetic aclid in water), A1l suspensions
from diffarent grouns demonstrated greater than $07 visbility.
Disscclated ¢ells of MNC tumor, spleen and lymph node were made
‘according to that describsd earlier for the tumor cells., The

protocol of three experiwents will be described in Resulits,
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X. Spleen Cell Culture and Triflatod Thfmiaine';néorﬁbr&tigg

Ass&x
1. 8plecn Ccll Cul%ure Technigues

(1) RnrammntS

(&) Eag3e'ﬂ Minirum Essentiél'Medidmﬁfﬁﬁﬁ}w3§innéf

(10%): Ten fold dilution of the medium (Grand
Islend Bilelogleal Company, Grend Island, New York) wes prepared
froun the stock soiuticn in sterilie deicnized distilled water,

(b) Nopwal Rabbit Sevum (HRS)§ NBS wa.s obtained

from norprs)l adult ravbite in a stenderd proceduvre, and stored
at -20°C, The serunm was heated to 56°C for 30 minutes and
edded to medium to & final concentration of 5%.

(c) ggggﬁglgg: L-glutonine (200 nM) solution
{Grand Island Biclecgical Company) was added to the medium to
a final concentration of 1%.

() Sodium Bicarbonste Solution: This was

prepared &S a 7.5% solution of sodium bicarbonate in distilied
water and wes sterilized by millipore filtration. The colutlicn
was added to mediun te o finml concenbration of 2%.

(e) Aqr%bzoﬁtc@c Two antiblotics, peonicelilin-G

godiun and streptomycin @dlf&te,(@enef&l Biochamical Company,
Chargrin Falls, Ohlo) were usgd, Stcock solutlons containing
penicillin at 2 x 103 IU/nl., and streptomycin at & x 103,ug/

ml, in delonized @istilled water were rrepared and sterilizad

by millipore filtration and stered at -20°C untii use. ,Each
antiblotle solutlion wes added to culbure nedlum &t the contentra-

tion of 1 ml. per 10C nl. of mediwm.
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e i ?:“”??“ |
(f) Phytoherhgeiutinin (PHA)-p: PHA-p (Difco

Leboratories, Detroit, iichigen) WEE added to the culture
nedium at dilution of 1325 and 1;250 from the stock te glve
an ortimal and suboptimsl stimulgting doge, respectively,
for mouse lymphocytes (Dent, 1949).

(2) Spleeﬁ €011 Culture

Cells were obtained by removing the spleens -
from mice under sterile conditions, The splecn was minced with
& sclssors and gently dispersed using @ loosely Titlting pestle
in a FPotter Elvehjigenm homogenizer, The cell suspension was
then drawn through a 25 gauge needle to produce & suspension.
of single cells., The lymphoid cells wore counted end diluted
“wWith cultﬁre medium Yo 8 final concentration of a?preximétely-
1X 106“6éllsrper ml. Fach tube contained 2 ml, of cell suspenw
slon. Triplicate tubes were made for each group.

2. Deoxyribonueleic Acid (DiA) Synthesis by Tritiated

thymidine (BHTdr) Incorpcratibn-
| (1) Beaggnts' ‘

(a) Tritiated Thymldines 3HTGr (Kew England

Nuclear Corporation, Boston, Mess,) hed s speclficity of 6.7 c/nl
in sterile delonized distilled water.
(b) Sdinﬁiilﬁtion'Flﬁidx The solution weg prepared

m
by adding 20 gn. of-permablendlm {Packard Instrument Company,

Inc., Dosmer Grove, Illincis) to & liters of toluene.

b
- (2) Scintillation Countinz: The incorporatlion of “Hidr

by the cells In culture wes estinated as follows: The spleen


http:Compn.ny
http:su.spens~.cm
http:Mich1gl'.Yl

35

cell cultures were incubated at 3?°C in a hunidified atmos-
phere of 5% CO, in air for &3 hours. Two pc of tritlated

DNA precursor was added to each 2 ml, cultufe in tubes at a
volume of 0,2 ml, and incubated for another 5 hours, For ter-
‘mination, 0.15 ml, cold thymidine (3 mg/ml) end 5 ml. normal
physiological saline were added to each culture tube. The
preparations were then centrifuged snd the supernatants
dlscarded, The cell pellets were kept frozen at -20°C for at
least 1 hour and digested twice with 5 ml, 10% cold trichlor-
acetic aéid (TCA) followed by one extraction with 5 ml. 80%
cold ethanol, Finally, the deposited cells were dissolved in
0.5 ml., Nuclear Chicago Solubilizer (NCS) (Nuclear Chicago
Corporation, Des Plaines, Illinois) and the solution was trans-
ferred to screwtop vials, The content of tritium was estimated
in a Packard Model 3310 liquid seintillation spectrometer '
using 10 ml, of scintillation fluid. The amount of quenching
wes agssesged for each sample by meens of an external standard,

The results were calculated as counts per minutes per culture.

XI. Titration of Anti-tumor Agglutinins

Blood from tumor immune mice and normal virgln mice of
comparable age was collected separately from the retro-orbital
sinus by means of a sterile Pasteur plpette previously
heparinized. The blood was emptied intoc test tubes, allowed
to clot, then centrifuged to obtain the serum, Serum wes

stored at -20°C.
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Tunmor cells were washed‘ﬁ to & times with & large
volume of PBS, using low sveed centrifugation (450 rpn) between
washes, and couvnted with a hemacytémet@r. For tube egglutina-
tion, 0.25 ml., of tumor cell suspenSicn eontelning § x 10
cells/ml. was added to an equal volume of each serial 2 fold
dilution of serun, Aftcer being left undlisturbed for ¢ hours
at room temperature, the tubes were gentlyrtappad.and,the
degree of agglutination wﬁs exaﬁln@d with & 7% mag nifying
lens. For siide agglutination, 2 drops of serum dllutlon and
2 drops of tumor cell suspension containing 5 x 1O7vce11$ ml.
were mixed within a clrele marked with a wex pencil on &
microscope 3lide. The slide was gently rocked for 15 seconds,
then left undisturbed for 3 minubes and was rocked agaln
briefly; a striking clunping would appeer in positive téstg,
whercas in a negative test the cells would form & uniform

suspension, All cell and serum dilutiocns werc made in PDS.

XIT1. ;ndirect Irmunoflucrescent Antibody Tecﬁniqxe

The indirect fluorescent entibody test was performed
on tqur frozén sections essentia11y>d@scribed by Meller
v(1961) for the demonstration of mouse lsoentigens., Tumor
or liver tissues were removed fronm the animals, and washed
in PBS., The frozen sections of 5.6 a1 in thiclness were made
in Tissue-Tek Microtome-Crystat (Auies Company, Eikart, Indianz)
and mounted on the pre-albumin eoated slides, $.2 ml. of
nouse énﬁiserum or norpal serun was flooded evenly on the

specimen of the siide snd incubated at 37°C for 20 mwinutes
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in humidified atwosphere, The slides were washed three times
in PBS, Each slide was then flooded with 0.2 ml. of undiluted
fluorescein isothiocyanate conjugated mouse 7S gamma-globulin
(Pentax Inc., Montreal, F.Q.). After being washed twice in

| PBS, the slides were coverslipped with one of two drops of the
solution consisted of glycerine and isotonic phosphate saline
(pH 3.3), 111 (V/V). The slides were stored at 0°C until
examined with e Nikon's fluorescence microscope under dark

ground illumination.

XIII. Effect of Antiserum on Tumoxr Growth

The effect of serum from 1mmunizéd mice was tested by
incubating MC tumor cells with the test serum for 40 minutes
at room temperature before injection. Undiluted and 1:5
dilution sera were used. A million cells were incubated with
1 ml. pooled immune serum, Serum from normal mice of comparadble
age was used for the control experiment. After incubation
with serum, & hundred thousand cells were washed once in PBS

and then injected into each animal,



RESULTS

I. PFeatures of Tunors

i. Gross Annearance of MO Tumnor

MC tumor was experlmenially traﬁsplanﬁed to the
lateral side of the hind legs of A/Jax nouse by intramuscular
Injection. Fig. 1 1llustrates the mice at different stages of
tumor development following injeoction of approximately 1 x 10
cells, The tumor began as & small nodule, which was palpable
as the snimals starﬁed limping {Fig. 1.b) ond resched maximal
sizes of & to 5 em. in diasmeter with irregular shapes (Fig. 1,
d). As the tumor developed ulceration of epildermis often
occurreé énd henorrhags and necrosis followed, These tunoers
sometlimes became so 1argé that'tﬁey protruded from the thighs
resulting in degeneration of the lower part of the affected
legs.WAWhen ulceration of the epldermls did occur, the tumor
usually had & doughnut-like appearance with a browalsh nscrotic
center (Fig. 2).

2. Light Microscopic Exanmination

Light microscopic observations of tha.&amatéxylin S
and eosin steined NC tumors showed that thé Lumor uas an .
undifferentiated celluler fibrosarcoma. The sarceomas exhibited
-8 mass of packed cells arranged in whorled 2rray or bundles -
funning in different directions(FPig. 3 end L}, The tumor was

composed of round, oval, polyhedral or spindle-shapsd cells
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~Tumer growth on the left legs of A/Jax male mice

after gc»tumor traneplantation with approximately
1 x 10 cells. =2, Control untreated mouse,

b. Mouse at 6 days after tumor injection. Tumor

growth is not visually noticeable; it could be palpable
by hunds., c¢. Mouse at 11 days after tumor injection.
Growth of tumor 18 ncted on the left leg, 4. Mouse

at 27 days after tumer transplantation. Cuterowth

of a MC tumor and its irregular shape are evident

on the laft leg expanding to left lateral side of

the body. ’

Exposed MC tumor on the 1left leg of a mouse at615
days after tumor injection at a dose of 2 X -10-= ¢
Necrotic part (errow) of the tumor is noted,
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Fig. 3.

Flg. b,

Photomicrograph of MC tumor. Hematoxylin and
eosin stain. x 40. Fibrosarcoma. There are
several areas of necrosls in the central

rart.

Photomicrograph of HMC tumor. Hematoxylin and
eosin stain., x 150. This tumor is composed
of spindle, round, oval and polyhedral shapes
of cells arranged in sheets, interlacing
bundles and whorls, .
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vaerying in dlameter from 10 to 13 microns. The nuclel
appeared pleomorphic, withvisible nucleoli. The nuclear/
cytoplesmic ratio veried from cell to cell, Mitotic figures
were frequently seen; however, the inclidence of mlitosis

varied from one &res to the other. All of the tunors ezamined
had a little collagenous stromn and were relaﬁively avascular,
Inflammatory cells were noted only in area of necrcsis {Fig. 3).
In histological sections, no definite encapsulation of X
sarcoma was observed. Sone degree of invasiveness to the
surrounding muscular fibers was noted. Sections of spleen,
lungs, liver, lymph nodes, thymus and kidney from the tumor
bearing mice at various stages were made and examined nicro-
scopically. No detecteble mebtestases were found in these

- organs,

Aji‘Exéctron Hicrdscop;p Exmginétiog

The ultrastructures of the MNC tumor were exemined
in several paSsages in the course of the investigetion, Cells
were of elongated shapas, thelr c¢ell periphery being irregular
with few microviiii-like projections (Figé.,5 and 6), The mode
of contact between tumor cells wvaried resulting in intercellular
spaces of varying“Size;"The tumor was made up of densely  packed
cells with little 1ntervehing extracellular materials, Collagen
£ibrils were infrequently seéen (Fig. 7). The overall appesrance
of the tumors suggexted that they were conposed of ons general
cell typee The nuclel of tumor cells were irregular in outiine,

In addition to distribubtion of chropatin along the nuclear
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Flg. 5, Electron micrograph of HC tumor cells,
Portions of U cells. Normnal appearance of cell
structures. nm, nuclear membrane; chr, chromatin;
v, vesicles; IR, endoplasmic reticulum.
The nuelel () are heterocgencous showing sreas of
denge arnd diffuse chromatin, X346,000,
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Fig. 6. Electron micrograph of MNC tumor showing an
 ares containing degenersting cells, '
Ve, Vacuole; no, nucleolus; mb, membranous body;
MV, microvilii-like projection; %R, endoplasmic
- raticenlunm, <
The nuclei (N) are heterogenecus showing areas of
dense  chronratin. MN7,500,
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membrane, there wis soune ohromatin irregularly disitrivuted in
clusters in the nuecleus (Figs. § and 6), The size and localiw
zation of nuclecli within the nuclel varlied considerably,
Cytoplasm of most tumcr cells was characterized by
pauéity of rough endoplasmic reticulum. Golgl apporatus -was:
noted in the tumor population. Uitochondria were found in
various sizes and shapezs. However, mitochondria were rarely
seen in degenerating tumor celis(Figs.6&8),which were
characterized by the presence of many various gizes of veslcles,
vecuoles and some mombranous beund bedies, Hewbrancus bound
bodies (Figs. 6 end 9) were structually consistent with those

jdentified as microsomes.
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Figs. 7, 8 & 9. Electron micrographs of MC tumor cells,

Fig. 7. Portions of two or more neighbouring cells
with associated collegen fibers (large arrow).
Mierovilli-like projections, MV, extending from
the cell periphery (sm=2ll arrow) are noted.

N, nueleus, x15,000,

Fig. 8. Portion of a MC tumor with vacuoles and
veslicles scattered in cytoplasm, N, nucleus;
v, vesicleg; m, mitochondria. x13,000.

Fig. 9. Portion of a MC tumor cell showing

various cytoplasmic structures. d4db, dense body; ER,
endoplasmic reticulum; mvb, multivesgicle body;

m, mitochondris; nm, nuclear membrane, Pn, perinuclear
materials; sm, swellon mitochondria with no

appearance of cristae; V, vacuole; v, vesicle,
x26,000,






46

L, Chromosomal Analvsis

Diffusion chambers vere used to grow the MC tumor
cells or mouse embryonic cells in mouse peritoneal cavity. The
cells were treated with colchicine ;g,z;xg end harvested for
chromosomal analysls, - The tumors_at three different passages
were studied with respect to thelr karyclogicael features., The
three pagsages were designated as Px+5' Px+19' and Px+29* where
X reprecents unknown passage number of tumor transplantation
in vivo since 1961, and the numbers, 5, 19, and 29 indicate the
- passage numbers since the author strated working on this tumor.
The MC tumor cells were characterized by stemline karyotypes of
43 chromosomes, including always one or infrequently two large
. metacentric marker chromosomes., 'fig. 10 shows a karyotype and
the metaphase plate of & cell from embryonic tissue. The cell
contains 40 chromosomes of normael shapes without any observable
marker chromosome. All metaphase elements appear to be telo~-
centric., Examples of idlograms and metaphase plates of three
MC tumor cells are shovn in Figé.lli to 13. Fig. 12 shows a
pseudo-diploid cell with 40 chromosomes and Fig. 13 a hyper-
diploid cell with 43 chromosomes.” Both of the cells include
one marker chromosome of a similar type. Fig. 13 shows a
near—éetraploid cell containing 86 chromosomes including 2
metacentric markers.

The frequency of polyplolid tumor cells including near
bn, near 8n, and over 8n (where n stands for haploid number;
is 13.16%, whercas .

in moucse, n=20) in P , and P

x+5" Px+19 x+29
the frequency of near-diploid cells is 86,84% (Table I), Among



Fig. 10. Metaphase spread and kavyOVype of s -cell from
diffusion chanber in vivo culture of embryonic .
cells of A/Jax mousc. Corbol fuchsin stain.
The cell contains 40 telocentric chromosoumes.

Fig, 11, Tetapnase spread and keryotype of & cell from
diffusion chamber in vive culture of HMC tumor
cells of A/Jax mouse. Carbol fuchsin stain.
There are 43 carquW“ me3 including one meta-
centric marker chnromosomna, . : :
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Fig. 12, Metoaphase apread and kavyotype of a c¢ell {rom

Flg.

13.

diffusion chamber in vivo culture of NC tumor
cells of A/Jax mouse. Carbol fuchsin stain,

There are 40 chromosomes including one meide

centric merker chromosone,

Metaphase s8pread ond karyotype of a cell irom
diffusion chember In vive culture of MC tumor
cells of A/Jax mouse. Carbol fuchsin stain.
There are 86 chromosones ineluding two
morphologically simllar metacentric marker
chromosonen,
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Table I. Frequency of various ploid cells in MC tumor

Transplant % of cells % of polyploid cells Total
Passage : number of
number cells
in vivo Near 2n Near n Near 8n > 8n Total observed

P 90,31 9.06 0.63 0.00 9.69 320

TEES (2892 (29) (2) (0) (31}
P 82,58 15.15 2,27 0,00 17,42 132
x + 19 (103) (20) (3) (0) {(23)
P 84,21 12,44 2.87 0.48 15,79 209
x + 29 (176) (26) (6) (1) (33)
Total number : -
of cells 574 75 11 1 87 661
13.16 100

% 86.84 i1.35 1.66 0.15

a, Figure in parenthesis represents number of cells.,

64
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the former, the frequency of near-tetraplold cells was highest
(11.35%) and those of near 8n and over 8n, the second (1,66%)
and the third (0.15%), respectively. As can be seen in Table I,
overall chromosomal constitutlions in the tumor\oells from

Px+5 to Px+29 did not change considerablt, though a slight tend-
ency of increase towards near-tetraploidy through the serial
passages 1s noted. The results of chromosomal analysis on the
A/Jax mouse embryonic cells, representing normal mouse cells,

with the same technique is showm in Table 11,

5, Tumor Dossze Exveriment for Progressive Growth of

MC‘Tumor

Since large numbers of tumor cells nay overwhelm
the host's response and too few cells may not grow at all,
experiments were carried out to find out an appropriate dosage
of IMC sarcoma cells which would show visible growth in & moderate
length of time, To find this range, the threshold doée for
progressive growth of MC tumor was determined, Male A/Jax mice
were glven intramscular injections of from 40 to 10 millions
tumor cells in the lateral side of left hind leg. The animals
were observed for three months, The results of the experiment
are expressed in Table III in terms of (i) numbers of snimals
with tumor take/numbers of animals injected with tumor, and
(11) duration from tumor injection to the appearance of palpable

tumor (days).
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"Table II. Chromosome count distributiocon of‘embryonic
cells of A/Jax mice cultured in diffusion
chambers in vivo

Chromosome No. 38 39 ko i1 80 Total

ﬁo.'of cells 1 2 66 0 72

)




Table ]][, Dosage experiment for growth of
MC sarcoma in male A/Jax mice 52

No. of mice developed tumor

Dosage No. of mice injected
10 x 108 | 1/1 (L)*#*
5 x 108 1/1 (5)
1 x 108 1/1 (6)
6 x 105 2/2 (7:°7)
b x 107 2/2 (7, 8)
2 x 107 1/2%  (8)
1 x 10° 2/2 (9, 9)
8 x 107 2/2 (8, 9)
6 x 10" 2/2 (8, 10)
Cbox 10* 2/2 (9, 10)
2 x 10" 2/2 (9, 9)
1x 10“ 2/2 (10, 10)
8 x 107 2/2 (11, 12)
6 x 100 2/2 (i1, 13)
4 x 100 2/2 (12, 13)
2 x 103 | 2/2 (13, 13)
1x 103 2/2 (ik, 15)
8 x 10° 2/2 (13, 15)
6 x 10° 2/2 (15, 16)
b x 10° 1/2%%  (16)
 '2 X 102 G/2
1x 102 0/2
8 x 10 0/2
6 x 10 . | 0/2
bx 10 : 0/2

¥ One of the mice cied due to Aan unlmovm cause before
the palpable tumor develop=d.

*% Threshold

##%pigure 1in parenthesis represents duration {in days)
from tumor injection to appearance of palpsble tumor,
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Several conclusions may be derlived from this experiment.

When the palpablevtumors were detected in the animals, the
tumor shows a progressive increase in size until death of the
hosts. Regression never occurred in a tumor which had once
become palpable in the treated mice, Generally, aé e large
nurber of cells injected a shorter time was requlred for
appearance of the tumors, Threshold for progressive growth
of MC tumor was foumd to be B0O cells, It usually took about
6 to'7 days for 2 tumor to become palpable in mice after

“transplantation at the dose of 1 x 106 cells,

6. Specificity of MC Tumor with regoxd to Hos

Transplantability

6 6

MC tumor cells, ranged from 2 x 10~ to 6 x 10
cells, were sepsratly injected intc 5 to 15 of the following
strains of mice, C3H f/HeHe, Swiss/HA/ICR, dd/s sach, BDF end
C57B1. The treated anlnals were observed for two months. Tumor
‘feiled to take in all these animals tested, Although a
temporary growth of the tuwmor was observed ln some of the
C3H f/HeHa mice, tumor regressed completely within about 3
weeks,

~ In view of the ‘results obtained from the previous dosage
experinent and the present tests, it seem@thaﬁ the ¥C sarcona

exhibited a strong strain-specific behavior with regerd to

its transplantabllity.


http:tempora.ry

| >

/

ITI. Active Tumor Immunization

1. Preliminery Experiment

Single MC tumor cells were treated with UV
inacti&ated Sendai virus in cold and then incubated at 37° in HBSS,
containing 15% fetal calf serum, with constant agitation. The
cells in tubes were examined under an inverted microsoope to check
the rate of cell fusion., Cell agglutination was & precondition
for cell fusion. The fused cells appeared to be relatively
large, irreguler in shape in an early stage and graduslly
become more spherical at the time of complete formation (Figs.

14 and 15). The treated tumor cell suép@nsion consisted of
single mononucleate cells, binucleate and other higher multi-
nucleate cells., Ficoll discontinuous gradients were used to
separate multinucleate cells from single mononuclear cells,
Single cells were found to be contaminated in the collected "fused
cells" 1in order of 5-20%. Scored from unseparated preparations
the multinucleate cells were predominantly binucleate (53.8%)
with higher nuclear.counts being less frequent (Table 1IV),
Polynuclecate cells could be scored with as many as 50 nuclel.
Pigs., 16 and 17 illustrate dispersed single cells and multi- .
nucleéte cells after cell separation, respectively. The slingle
and varlious multinucleate cells with a higher nmagnification
(x500) are shown in Figs. 18 to 25, As the cell preparation

was treated briefly with hypotonic solution (distilled water)
before fixation, cytoplasmic profiles of these cells could not
be obsefved. Close associations among the nuclel in éach fused

cell were noted. Very frequently two or more neighbouring nuclei
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Fig. 1l

Fig, 15.

(64

Photomicrogravh of unstalned MO Lumor cells
after treatment with UV inactivated Sendal virus,
Note two fused cells at the vpper left and lower
middle arcas, Several nuclel in each fused cell
are vaguely visible., x450, '

Photomicrograph of wnateined !NC tumor cells after
treatnent with UV inactivated Sendal virus, Note
the difference between the aggregation of several
single cells (upper) and the fused cells (lower).
Sone of the cells in the aggregate might be in
process of fusien. x50,
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Table Iv;Frequencyidistribution of multinucleate MC tumor cells
following treatment with UV-irradiated Sendal virus

i | Number of nuclel in fused cells

2 L5 6 9 8 9 10 11 12 13 14 15 16 17 1

()

% 5398 2"#'6’ 10'9 L“.l 2.6 1.0 1'3 007 008 002 O.3 Oll 0.1 0'1 {O.z Oll

19

95
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Fig. 16. Photonmicrograph of stained preparation of single

Fig,

mononucleate cells collected after cell separation,
Carbol fuchsin stain. x150. \

Photomicrograph of stained preveration of "fused
cells” collected after cell sevaration.
Carbol fuchsin stein. x150.
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Figs., 18-25, Homokaryocytes of MC tumor cells after
treatnent with UV inactivated Sendal virus, As
the preparations were treated with hypotonic
solutlion before fixatlon, the cytoplasms
of the cells are not seen. Carbol fuchsin stain,
%500,

Fig. 18 shows a cell with one nucleus,

Pigs., 19, 20, 21, 22, 23, 24, and 25 show cells
containing 2, 3. 4, 5, 6, 8 and about 21 nuclei,
respectively. Close assoclations among the
ruclel in each fused cell are noted; some are
obviously connected with each other by nuclear
bridges.
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were observsd to be conneeted by nuclear bridzes,

Six A/Jax mice were injected with such multinucleate
vcell preperation at a dose of a“p“oxima ely 1 x 106 nuclei into
the thigh muscles of each animal, There were no signs of
tumor development at the site. of injection over a periecd of 15

6 viable,

days. However, 2 control mice which had been glven 1 x 10
non virus-treated single tumof cells from the same source used

for cell fusion resulted in tumor development as usual, TFusged
cells, therefore, appreared to have lost their malignancy, ~ though
there was no loss of fused cell viability judzing by trypan

blue dye exclusion. It was thought that =sxposure to these fused,
yet viable cells might produce immunity to the TSTA's of MC

tumor.. To-test this proposition of host's immunogenicity, the
mice were challenged with 1 x 10° tumor cells (21,000 LDgprs)

in the right leg 15 days after the fuseld cells were inoculated,
Four out of 6 mice were protected from tumor development at the
first tumor challenge. Fifteen days afﬁer this challengé,'a
second challenge was glven to the remaining 4, and 2 developed
tumors et the site of injection. C} allc;gcs vere subsequenﬁly
made of the two mice whiqh remained tumor frec, and the immunity
to Lv tumor was found to persist over 25 challenges until the

time they were sacrificed for the experimznt of adoptive transfer
~studies. For each challenge, two untreated mice served ss
controls., They were also injected with 1 x 105 viable tuwor

ce1ls at each tine, and 100% tumor takes were cobtained in thesge

contrel mice., On the basis of thése obgservations, it became
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clear that some degree of immunity against the immunizing
tumor was induced in the treated animals,

2, Immunization Experiments

(1) Hyperimmunizetion with Three Bepeated

Immunizing Dosesg

A decreasing protective effect after the
first and second tumor challenges in the animals from the
preceeding pilotAexperiment might be due to a weak immune _
response after a single immunization. To build up a heightened
tumor immune status in the host, three immunizing doses of fused
cells were used instead of one. Twelve separate groﬁps of
experiments were performed. Each group consisted ofd5. 6, or
10 mice, The enimals were recelved three immunizing doses of
fused cells at 10 days intervals, Fiftesn days after the last
immunizing dose was given, each animal was challenged with 1 x 105
viable tumor cells. For challenges, two control mice were
always inoculated at the same time with the same dose of the
tumor cells. The results of these experiments are summerized
in Table V. A conslderable degree of enhanced resistance in the
treated mice was indicated by the outcome of the first "
challenge. Eighty-six per cent (92/107) of the mice failed to
develop tumors., The resistant animals were subsequently éiven
a second and third challenge of 1 x 105 live tumor cells at
monthly intervals and the percentage of reslstant animals was
77.6 (83/107) end 71.9 (77/107), respectively. All the

control mice had 100% tumor takes.



Table V. Transplantation resistance to MC sarcoma cells induced

in adult A/Jax mice by virus fused tumor cells

Experiﬁemt‘ # of animals ‘ # of animals not developing tumor
N0« tested 1st challenge 2nd challenge 3rd challenge
1 5 5 i L
2 10 9 9 9
3 10 7 6 6
4 6 5 L 3
5 10 8 8 8
6 10 8 7 7
7 10 9 9 9
8 10 | 10 | 10 6
9 10 | 9 7 7
10 ‘ 6 6 - 5 5
11 10 8 6 6
12 10 8 8 7

107 02(86,08) - 83(77.6%) 77(71.98)
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(2) Comperison of the Strengthbf‘Tumdr‘;ﬁmuﬁoé

genlclity with Those by Other Immunlzing Techniques

Two cother 1mmunizing techniques, namely,'
injections of"X?irradiafed tumor cells and neuraminidase-treated
tumor cells in A/Jex mice were used to compare the degree of
immunogenicity with that resulting from treaetment with virus-
fused tumor cells., |

A pilot study was carried out with ¥-irradiated tumor
cells at an immunizing dose of 106 cells on a single occasion.
All 10 enimals used in this experiment developed tumor following
challenge. However, a delay of 3 to 4 days in appearance of
tumor was noted in these animals when compared with the contrels,
All animels used in the later experiments with Y-irradiated
tumor cells were gliven three separate immunizing doses, as
scheduled with fused-cell-immunization.

Two kinds of nauraminidase obtalned from different
sources were used in the experincnts and found to give differ-
ent results. Tumor cells which had been treated with neuranmini-

dase prepared from Clostridiunm perfriﬁgens type V falled to

induce observable ilmmunity in 37 animals (in 3 separate experi-
ments) to subsequent tumor challenges. The viability of tumox
cells after treatment with this enzyme wag found to'be greatly
diminished, as tested with trypean blue dye exclusion, The
cytotoxicity could be attributed to impurity of the enzyme

rroduct containing some proteolytic enzyme.

culture was then used for subsequent experiments, as this kind
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of preparation had beecn employedwto demonstrate immune reébonses
in animals against various types of tumors (Currie and Bagshawe,
1967, 1968, and 1969). There was no apparent effect on cell
viabllity after the tumor cells were incubated with neuranminidase
from this source. | |
The experiments using Y-irradiated-tumcr cells and
neuramlnidase—treated tumor-cellsvas immunizing doses_were per-
formed on three occasions under parallel conditions. At the
same time, experiments é, 8, and 9 using Sendai virus-fused
cells were in progress (Table V). The results of all these
experiments are summerized in (Table VIj. These indicate that
the protective effects of fused cells, Y-irradiated cells and -
neuraninidase treated éells porn firsE tumor challenge were
93.3%, 66.6%, and 56.7%; upon the second challenge, 86,6%, 36.63 .
and 46,6%; and upon the third challenge, 73.3%, 20,0%, 2nd 36.6%
respectively.

5

. Two control mice were injected with 10”7 viable tumor
cells in each challenge experiment at the same time and under
the same conditione as the expoerimental enimels, All these

control animals deveioped tumors at the sites of injection.,

(3) Survival of Treated Mice Which Failed to

RéjedﬁAFirsﬁ Tﬁhof Chéllehgé

Fiftcen out of 107 treated mice in the
twelve experiments of active 1mﬁunization'by fused ceils falled
to evoke a level of resistance such that the first tumor
challenge was rejected (See Teble V). The death of the pooled

15 mice and 14 conbrel animals vas recerded in Table VII. It is
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Table VI, Comparative study on transplantation resistance to MC
tumor cells induced in A/Jax mice by virus fused-,
Y-irradiated-, and neuraminidase treated- tumor cells

No. of animals nct developing tumor/Total animal tested (%)

Immunogen

ist challenge 2nd challenge 3rd challenge
Virus fused cells ' 93,3 86.6 73,3
a . ‘
Y-irradiated cells 66,6 : 36,6 20.0
b ‘ ' .
Neuraminidase Lreated cells £H47 L6,6 36,6 -

&In the experimnn using Y-irradiated cells, the tumor cell suspension in HBSS

wag exposeg 15,000 rades in an open petri dish empoying a 2000 Curie Cs~5 gource.
blo—ls x 10 tu 10r cells were incubated in 1.0 ml. of acetate buffer, pH 5.5 in

undiluted 500 units/ml. neuraminidase for 45 minutes at -370C, and-washed 3 times in

HBSS‘ B - A . . W -

Three separate immunlzing doses were given %o animals; 1 x 106 tumor cells, either

Y-irradiated treated or neuraminidase trezted, were used for each doce.

9
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Table VII., Survival of fused cell treated and normal
nice after tumor challenge (days)*

Mlce  Number  1-26  27-30  31-34  35-40  L41-50

Treated 15 1 z 1 8 3

Normal 14 0 12 2 0 0

*The results are based on the pooled data from the
immunization experiments, 2. (1), in which the fused
cell treated mice, 15 out of 107, falled to become
resistant to the first tumor challenge. Therefore,
the mice, both treated and control, listed &n this
Table died of tumor.
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apparent that control mice died at 29.days, whereas inmmunized
mice receiving the sdme challenge dose of tumor cells had &
definitely prolonged longevity (mcan survival; 37 days). The
small but definite degree of protection could be appreciabed
from these data, It was noted that there is individuval
variation in the response from mouse to mouse, aspeoiallybin
the treated group. | |

(B) Persistence of Tumor Immuns Status

Persistence of the immune state against
MC tumor in the 1mmun12ed aninals with the three methods was
examined by the outcome of repeated tumor challenges at 15 days
intervals for ths first 5 challenges, and monthly in the later
stages up to 18 challenges. The immunoprotective effects of
the immunizing treatments were compared and the results are
expressed in Fig., 26, The immunity induced by fused cells
remained almost unchanged while the resistence of the animdls
imnmunized By the neuraminidase-treated cells tended to deciine.
The étability of the immune state against further tumor
challenges in aninals treated with ¥Y-irradiated cells were
not certain, as the mlce In thils group were used for other
purposes after the third challenge.

(5) Specificiﬁy;of Tunor Immunity

Specificity of MC tumor immunity was tested
with another tumor (SP) by injecting 105 cells inbo three NMC -
'tumcr'immune mice (resistant to 18 challenges). Tumors

developed in these three mice at the site of incculation at &
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O===0 Fused cell treasted nmice

Q=] ¥-irradisted ccll treated mice

© o Neuraninidase treated cell
exposed mice

O~

- \’/\,,,

O -~ T T T, T :
H

1 2 3 4 5 é 18

No. of tumor challenges

Fig.26, Resistance® to repeated tumor challanges fn
three groups of A/Jax mice immunized with
virus fused-~,Y-irradiated-,neuraninidase

treated- MC tusor cells, regpectively,
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conparable rate as 1ln the untreated controls 1njectedfwithl

SP tumor at the same dose. It Indlcated that there was no

detectable cross immuncreactivity between SP and MC tumors,

end the immune state estatlished by fused MC tunmor cells was
“tumor specific. |

(6) Histolegical Picture of the Site of Tumor

Rejection

Two immune mice which had rejected 10

tumor challenges were sacrificed 8 days after the last
challenge in the left legs. The right had been challenged 37
days before sacrificing the animals, The legs were exclsed
and‘histo%ggigally processed, The sections from the right legs
were found completely free from tumor cellis, In the sectlons
from the left legs, some areas contained cells with deeply
stainiﬁg cytoplasm and ?ycnotic nuclei, mingled with iymphocytes
and polymorphonuclear leucocytes (Fig. 27). These areas were
presumed to be the sites of tumor rejection. It seems that
inflammatory precesses followlng cellular immune resctions
mlght‘be involved in the}rejegtion judging by the hist910g1¢a1

picture.



(be)

Photomicrograph of & section from a2 hind leg
of & tunor immunized A/Jax mouse showing

the site of tumor rejection, The leg was
excised and fixed in Davidson's Tixative at
8 days after tumor challenge with 1 x 102
cells through an intramuscular route,
Hemotoxylin and eosin stailn. x150.
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III., Controlled Ixperments

--Sendal virus has been shown to exhibli neuraminldase
eoctivity (Sokol et al, 1961). The immumogenicity of Sendat
virus-fused cells may be duve to viral'neuraminidase effect ¢én
the tumnr cells. It is also possible that single cells exposed
to Sendai virus (but not fused), may have Saen resﬁonaibla for
‘1nducing immunity. To test these possibilities, the following
experiments were designed. Mice were injected with viable
MC tumor cells and UV inbetivated Sendal virus in various
combinations: |

(1) Single uﬁfused cells were separated from fused
cells after treatment with Sendal virus in usual fuslon and
separation procedures, Dosages of 100, 1,000 a&nd 10,000 cells

mﬁﬁere separately injected into groups of animals, Bach group -
consisted of 5 mice, | '
(2) Tumor cells and Sendai virug, which had been
mixed but'wlthout allowing time for fusion to talle rlace,

6

were injected into 10 mice in a dose of 1 x 10° cells,
| (3) Tumor cells (1 x 106) were injected intq'one
leg and Sendal virus (552 HAU) in the other leg &t the same
time. Ten mice were ﬁseﬁ in this exberiment._
The results of the firest experiment are summarized in
Table VIII., - When the mice were injected with unfused free
cells at the dose of 10,000, they 2ll devoloped tumors,

However, the survival tliue of the treated mice were lengihenod

as compared with those of contrels, In the dese of 1000
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Table VII[ Fate of single unfused MC tumor cells and their

effect on the growth of transplented tumor in recipient mice

Pretreatment Tumor challenge
1st 2nd 3rd 1st 2nd
10,000 cells .
single unfused cells 5/5% (43, 6)#* - - - -
- untreated cells 5/5 (30.0) - - - -
1,000 cells o | ;
single unfused cells 0/5 2/5(51.6) 3/3 - -
untreated cells 5/5 L 2/2%%%(32,5) - - -
100 cells ‘ ‘ ’
single unfused cells 0/5 0/5 0/5 %;5 3/3
‘ ~ 5 -

untreated cells 0/5 - 0/5 0/5

"untreated cells" Indicate dlspersed MC tumor cells not treated with Sendail virus,

*No. of mice developing tumor/No. of mice tested,

#%Flgure in the parenthesis represents the mean of survival time (days).

®#5Two untreated control mice were used only for the second challenge experiment
as controls in the indicated group. »

T4
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cells, no tumors resulted;.while’the controls developed
tumers when 1njectéd with untreated celis at the same dose.
Subsequently, similar doses of virus-treated single cells
vere glven again to the animals as 1ﬁ the usual tumor
Immuinization course previously described. In this treatment,
2 out of 5 mice gave rise to tumors, and 3 other mice finally
also grow tumors on the third occasion of the treatment., In
the third case, all 5 mice were free Trom tumor development
after three injections with 100 virus-treated-single cells,
No tumor grew either in the 2 control mice Injected with 100
untreated cells, Tumor challenges with 1 x 105 celis were—— —
performed in these mice. In the experimental group, 3 were
resistant to the first challenge. However, these resistant
animals developed tumors on the gecon&‘challenge;'“The"control“'
mice, which were glven 10C virus-treated single cells after
the first challenge, developed tumors at‘the'site:ofrinjeoﬁién.
In two other experiments, cells mixed with virus but
without allowing time for fusion, and viable cells and virus
1njected'into opposite 1egs,>prdduced tumors on the first
occasion of the treatment. The 1atent‘periods for tumor
appearance in both experimental groups were longer than those
of the controls (both the second and third;experiments in
comparison to the respective‘controis, p{0.00%), However;
the survivals of both experimental groups were not stablis-
tically different from the control groups, In each exneriment,
two control animals were injected with corresponding amount

of untreated tumcr cells and &1l developed tumors,
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IV. Delayed Hypersensitivity
It vas importent to determine whether delayed type of

cutaneous hypersensitivity reactions could be elicited by

tunoxr aﬁtigens in the present immune system, It was also
necessary to find out whether these would follow the pattern
observed for specific transplantation resistance. Six actively
immunized mice (immune from tumor challenges three times) were
the first to be tested for sensitivity to the immunizing tumor.
The test tumor antigens were prepared by tumor fragments in
0.9% NaCl (20% W/V) in a homogenizer. The homogenate was
centrifuged and the supernatant was used for the test. 0.1 ml,.
of this solution was injected intradermally into the left hind
foot-pad and at the same time equal amounts of.nOTmal saline
werc injected in a similar way into the right hind foot-pad

of the 4 immunized mice., Another two immunized mice were
injected with 0.1 ml, of a mixbure of the supernatant of tumor
homogennte and complete adjuvent (111, V/V). No detectable
swelling was observed in elther foot in the immunized or control
mice by the treatment described.

Various forms of tumor antigens were prepared and used
for foot-pad testing, since the supernatant of tumor extract
did not demonstrate positive reactions on the foot-pads of
inmune animals. Preparations of four different concentrations
(1 x 103, 1 x 10%, 1 x 105 snd 1 x 105 cells/ 0.1 ml.) of
viable single tumor cells and frozen and thawed-tumor cells

were tested in & simllar way as described previously.
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Eight animals, which were immunized by fused cells and then
resistent to two tumor challenges, were used in this experi-
nent, It was 12 days after the second challenge when the
experiment was performed, The results are shovm in Table IX.
Only live tumor cells at higher concentrations (1 x 105 and
1x 106) were effective for a positive reaction, This con-
sisted of marked swelling of the affected foot-pad 18 ¢o 24

hours after injection (Flgs, 28 and 29)., The viable cells at
L

.

concentration of_i x 107 gave an equivocal result, Disrupted
(frozen and thawed) tumor cells at 4 different concentrations,
1 x 103 viable cells, or phnyslological saline failed to produce
positive reactions in the immunized mice. All normal control
animals given either viable cells, disrupted cells or phyéio;
logicel saline 4id not confer positive reactions on the foot-
rads. However, the normal mice received viable tumor cells and
811 developed progressive tumors at the site of injection. 5

to 8 days after inoculation.

The positive results of delayed hypersensitivity
considered in the above experiment were supported by +he
histological appearance of the reaction. In the imnunized
mice demonstrating positive reactions at 24 hours, hematoxylin
- and eosin stained sectlons from the tissue of fool-pads showed
edens and a prominent cellular infiltration {(Fig. 31)., The
cellular components of the reaction conslieted of moncnuclear
lymphoid cells and a few polymorphcnuclear leucocytes (Figs,

32 end 33). Some tumor cells could else be recognized in the
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Table IX. Effectiveness of delayed type (24 hours) hypersensitivity
reaction of mlce immunized with fused cells and of normal
mice to footpad injection with various forms of tumor

Form of tested tumor
preparation

i

] ~ Reaction

Sensitized nice

Normzl mice

Remarks

Fresh, single viable
tumor cells.

1 x 107

1x 10“

1 x 107

ix 106

1+

++

Tumor developed at the
site of injection in
sensitized and normsl mice

n

Tumor did not develop in
sensitlized mice, but took
in normal conprol mice

Frozen and thawed, 3%
disrupbted tumor cells

1 x 107

g L
x 10

o]

X 105‘

H

1 x 108

Tumor did not develop at
the site of injection

"
4]

"

¥+ 0.81-1.00 mms;

+ 0062‘.."O.80 MMe § . + 0.""}1"0.60 mm,; < 0021"'0014'0 mm, $ - <0|21 mMa

N
N



Pigs, 28 and 29. TFoot-pad reactions in the ¥C tumor
dmmanized (by fused cells) male A/Jax mouse,
2k hours after cutancous injection. Both
_pilctures were taken frcu the same mouss,

The right foot-pad was gliven phvsiologiesl
saline aleneé wnile left footepad {arrow) was
gilven 1 x 107 visble MC tumor cells,
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Figs. 30 & 31. Foot~pad reactions in The MC tumor
immunized mouse, 24 hours after cubsncous
injection. Hematozylin and eosin stain, x 140,

Fig. 30. Control, given injection of
physiclogical saline alone at the right foot. .

Fig., 31. Given iﬁjectioﬁ of 1 x 105 viable
MC tumor cella, :
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Figs. 32 & 33. Photomicrographs of a section from
the foot-pad of an immunized mouse, 27 hours
after cutaneous injection with 1 x 102 viable
MC tumor cells. Hematoxylin &nd eosin stain.

Fig. 32. Mononuclear cell infiltration in the
area of delayed hypersensitivity reaction is
evident. x80,

Fig. 33. Part of the previous micrograph was
enlarged. x 400,

Note clearer picture of the area filled with
‘mononuclear and polymorphonuclear leucocytes,
Several lymphoid cells appear to be in mitosis
(small arrow) and several tumor cells (large
arrow) could vaguely be recognized in the area,
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arez, In the other fcot-pzads injected with normal salins,
the reaction was considered negative, as edema and cellular
reaction were minimal (Fig., 30),

- As timing,and,appearance of the reactions are both
cheracteristics of delayed hypersensitivity, end certain time
interval is needed for the host resistance to build up,
experiments were designed to find out a maxlimun lnmune response
of the host animals after ipmunization with fﬁsed cells, This
was tested by injecting'viable tumor cellg into foot-pad,

Nine immune mice following the third tumor challenge were used
in thls experiment. The mice were gilven 1 x 102 1ive MC tumor
cells at 5, 10 or 20 days after the last tumor challeﬁge.
Observations were made at 6, 24 and U8 houPS'éfter'inoculatioﬁ.
This increase in foot-pad thickness was calculated by comparing
the thlckness of the tumor injected and saline lnjected foot-
pads on each occaslon, As illustrated in Flg, 34, wvery slight
reaction (14% inercase in thickness) at 2% hours occurred in :
mice 5 days after challenge {(resensitizetion), Delayed Hyper-
senéitivity reaction wiﬁhvbzﬁ and 26% increases in thgokneSs of
foot-pads at 24 hours after inoculation were observed in mice

tested 10 and 2C days after chellenge, respectively., It is.

one 10 days after challenge,
Another serles of tests were carried out to deteriins
whether active lmmunity induced was specifically against the

immuinizing MC, and to determine the reactivity of tumor-besring-
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30

Percent increase in thickness

20 b

[ o

10 '

Fig. 34.

80-

sy == 5 days after challenge

MHMLI-10 days after challenge
v
ff%? = 20 days after challenge

6 . 24

Hours after fcot-pad inceunlaticn

Foot-prad delayed nypersensitivity to MC itumor
inoculation in sstively lmmanized A/Jax mice

at various days avter the second challenze doses
were givsan,
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mice to the foot-pad injection.of MC tumor, Sixteen‘mice, 8
imminized enimals 10 days after the third challenge, 4 MC
tumor-bearing (10 days after tumor inoculation) and ¥ untreated
mice were used in thié'experiment. The results are presénted
in Table X, Immunized mice, except for one (#8), exhibited
posltive reactions of varylng degree at 2L hours aftef injec-
tion of 105 viable cells on footpads. Howe#er, the reaction
of the #8 mouse, in which the third challenge tumor was not
overcone and just became palpable at the time of the test,
proved to be negative, Tbe other hind foot=pads injected with
‘normal physiological saline showed negative responses, Thé
delayed hypersensitivity reaction did not occur on €¢lther foot-
pad in tumor-bearing or normal mice,

 Except for #8, the immunized mice all rejected the
tumor cells 1njected‘1nto the foot=pads., However, the normal
~and tumor-tearing mice showed swelling of the injected feet
at day 5 to 7 and progreééively growing tumors resulted.
In addition to the above experiments, 2 immunized mice
. were tested with another tumor (SP)., Negative results Webe
obtained, since ﬁb pronounced swelling could be deteéted‘at
2L hours, Nevertheless, tumors developed at the sités of
injection and eventually caused the death of the animals.
These results confirm that the immune response induced by the

fused cells was immunizing tumor spescific,



TableX, Delayed hypersensitivity tests

Immunized mice (from expt #12) : ‘ " Controlmice
Increase in foot pad thiclmess {in mm,) 1 Increase in foot pad thickness (1n mmo )
Viable tumor Pnysiological 1 Viable tumor Physiological
, cells - ' saline 3 cells saline
Mouse # 24 Ers 48 Hrs 1 24 Hrs 48 Hrs Mouse # [ 24 Hrs L8 Hrs 24 Hrs L8 Hrs
1 ++++(1;ou) ++(0,82) -(0.16) ~(0.07) 1% -(0.17) =(0.15)] -(0.15) =(0.07)
2 ++(0.78)  +(0.39) . ~(0,09) ~(0,04) Qux "-{0.13) -(0.09)| -(0.17) =(0.03)
3 | + : - - J¥# - - - - ]
I . . -+ ‘ - - XS - - - -
5 ++ S+ ‘ | | gieses -(0.10) ~(0.12)] -(0.15) =(0.08)
6 +4 o | 6wt ~(0.13) =(0.10)} =(0.10) =(0.03)
5 ot i‘. ' ‘ AL T - - - -
g* | x(o.27) - | T - - - .
-’ ' i |

++4+421,00 mmy +++ 0,81 - 1,00 mm; ++ 0,61 = C.81 mm; + 0,41 - 0,60 mm; + 0.21 ~ O.40 mm; =-€0.21 mm,
* Tumor became palpable a2t the time of the test (10 days after 3rd challenge with tumor cells),
*#* Mice #1-4 tumor bearing mice (10 days after tumor injection),

##% Mice #5-8 untreated contrel mice,
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V. Adoptive Transfer of Tumor Immunity

This series of'experiménts was undertaken to see if
immunity of MC tunor could be édoptlvely transferred by lymphoid
_cells from fused cell immunized animalé to normal syngeneic
hosts., ’Spieen,cell and 1yﬁph node éell suspensions were pre-
rared from immune mice, ‘Eaeh of resulting spleen or lymph node
suSpension, or mixture of spleen and MC tumor cells was injected
into a gréup of 5 to 10 virgin animals., Three experimente were
perfofmed. |

Iﬁ the first ezperiment, 5 groups, each conslisting of
10 mice were used as reciplents. To obtaln immuna spleen cells,
50 1mmune.mice which had been resistant ¢o at least 11 tumeor
ehallehges were sacrificed. One minced immmne spleen was
trénsferred to each recipient., The time interval between spleen
transfer and tumor challenge (5-T) in the reclpient aninals was
-2 days,<5days, or 12 days, With exception of =2 days of S~T
where the spleens wefe'transferred two days before tumor
challenge; spleen cells in other conditions were all transferred
at the 1ﬁd1dat§d days efter tumor administration of 1 x 105_
cells,

'In the second experiment, 4 groups, each containing 5
mice, were used as recipients. Mixtures Qf immune spleen and
tumbr cells in 100:1, 5031, 10:1i, and 1351 (x 105 cells for each)
splenic lymphoid cells to tumbr cells ratio were injeciced
‘intraperitoneally into each group on day 0. Ten control eninmals
for thege above two experiments were injected with 1 x 105

viaeble tumor cells on day 0.
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The results of the first snd second experiments are
sunmarized in Table XI. As only one group of controls was used
to compare 9 groups of treated animsls, the difference of treated
vs, control animals with regard to survival was tested by Dunnett's
method, after logarithmic transformation was used to stabilize
the vﬁriance. In both experiments, no resistance to tumor
development was observed in terms of complete tumor rejection.
However, in the first experiment, the survivals of the recipient
animals with S-T intervals of -2, 2 snd 6 days were statistically
longer than that of controls at significant levels of 5%, 1%
end 5%, respectively., 1It, thefefore, appears that animals which
were glven immune spleen cells two deys after tumor challenge
conferred a higher protection.

In thé second experiment when mixtures of immune spleen
cells and tumor cells in various proportions were injected with
groups of virgin mice, mean survivalSin treated group .were
apparently increased as the spleenitumor cell ratio increased.
Among them, only the group injected with a mixture of spleen
and tumor cells in proportion of 100:1 was found ﬁo be
statistically significant at the 5% level as compared with the
control group; although the third treatment (50:1) was
-approaching the significant level.
| On basis of these results, it seemed that some degree
of immunity was transferred to the recipients, but 1t did not

reach the level at which the animals could suppress the tumor
growth, What could be done to enhance 1t? (i) A mofe prolonged
and repeated course of immmization. (ii) Smeller challenge

inocula might serve to demonstrate smaller degrees of immunity. The
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Teble XI. Adoptive transfer of immunity

Experiments 1 and 22

- No. of Mean survival + S.E. :
Group Animals t value
tested Days (Log10 transformation)
Control 9 28,56 + 1.51 (1.45 + 0.03)
Experiment 1 |
S~T intervals (days)
-2 o 33.78 + 0.76 {1.53 + 0,01) -2,70%
2 9 35.11 + 1,46 (1,54 + 0.02) ~3,20%
6 10 33.10 + 0,86 (1.52 + 0.01) =2, 4l
Experiment 2
Splenic lymphoild:
tumor cell ratlo
(x 102) _
141 5 28.60 + 1,63 (1.45 + 0.02) -0.12
30 s 1 5 32,60 + 2,29 (1.51 + €.03) S -1,72
50 3»1 S 33.60 i: 3029 (1:52 :"'_ 0302) ""2.01
100 51 5 34,80 + 1,24 (1.54 + 0.02) -2,65%
2 Nine treated graupé (Experiments 1 and 2) were compared to one control group

of mice with remgard to animals! survivals by Dunnebt's test,

Analysis was based on logid transformaetion of the date,
¥Significance at 5% level.
##3ienificance at 1% level,

58
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smaller challerige inoculum used should be‘that vihnich produced
above the threshold dose 1in céntrql animals, With these
considerations in mind, the third experiment was designed,
although this time immune lymph node'célls were used instead
of immune spleen cells, Fifteen mice were injected intra-

6

peritoneally with 2 x 10 minced regional lymph node cells

from 1mmuné mice‘on three occaéions at 6-day intervals., Ten
days after the lymphold cell transfer, 15 mice were divided into
three groups (5 mice ih each) and challenged with 1 x 10” and

1l x 105 live NC tumor cells,

The results shown in Table XII indicate all treated
enimals challenged with 1 x 105 tumor cells developed tumors
and a high protective effect was induced in the treated mice
which were challenged with lower inocula. There was only one
mouse developing a2 tumor in the group of mice challensed with
1/2 x 105 éells. No tumors~deve16pedﬂin the group of mice
challenged with 1l x 10” cells. The mice in the cohtrol or oups
all grew tumors after being challenged with various tumor _
doses, The tumor in the only treated mouse which failed to
reject the challenge became palpable 10 days after tumor was in
jected while the controls did so at about 6 days. The survival

of this mouse was 48 days after challenge (contrcl mice:

average 29 days).

VI. Splenic Lymvhoid Cellular Sesponses in vitro sfter Immunization

In order tc sxvlore immune state of the immunized nlce
in relation to lymphold activity and reasctivity to FHA, fthe

following experiments were performed,
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TableXII, Experiment 3
Adoptive transfor of immunity

Tumor challénge dose ’ Mice developing tumors/total micé tested
No. of cell Experimental . Control
1 x 105 5/5 2/2
1y
2 x 107 1/5 1/1
) .
1 x 107 0/5 ‘ 2/2

The experimental group of mice were injlected intraperitoneally with immune
lymph node cells on three occaslions before tumor challenge,

<3
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Splenic lymphold cell preparations were studied from
5 immune mice and 5 normel control mice of comparable age. The
immune mice had been given three separate fused cell immunizing
doses and were resistant to one tumor challenge. The spleens
were removed from the 1immune mice 15 days after the challenge.
The proliferstive activity of lymphoid cells assayed by 3m thy-
midine incorporation is shown by the results of experiments (Table
XIII). The results were expressed as mean radioactive counts
per minute (cpm) per culture containing 2 x 106 lynmphoid dells
for each spleen of triplicate cultures. There was good agreement
between the individual radioactivity levels within each triplicate,
usually on the order of 5-10%. However, a wide range of varia-

tions in the radioactivity was found in 1nd1vidﬁa1 within each

| group especlally among those from immune mice. The unequal error
variance reflects individual variation., The data were required
to be transformed to logs to stabilize the variance and achleve
additivity. As a result of this transformation, the standard
deviation varies directly as the mean., A one way analysis of
variance was done for the control versus the immunized group, ie,
to make comparisons at each of the three levels separately. A
final two way analysis of variance was then done on &all the data,

The control splenic lymphold cell culture without adding
PHA showed a low level of radioactivity. However, under the
parallel condition immune lymphoid cells exhibited a high rise
in radlioactivity, thlis beilng 23 fold greater than the control
(the difference is significant at 1% level). Since input cell
concentration in cultures was the same in both immune and con-.

trol groups, these observations indicate that a high degree of



Table XITI. Tritiated thymidine incorporation by normal and
immune A/Jax mouse spleen lymphoid cells with
or without PHA stimulation in culture

Ratio of incorporation
PHA 1: 25 PHA 1:250

3

Experimental H-thymidine incorporation (mean cpm/culture)

g
£ S.E. stimulated/ stimulated/
group PHA stimulated unstimulated wunstinmulated
unstimulated 1:25 1:250 :
895 + 17 4,933 + 706 1,932 + 261 51.9 20.3
Control a '
(2.45 + 0.22) (3.74 + 0.07) (3.46 + 0.08)
2,211 + 1,548 7,248 + 1,877 4,884 + 896 3.3 2.2
Immune .
(2.95 + 0.28) (380 + 0.72) (3.65 + 0.10)
Ratio of
incorporation 23.3 1.3 2.5
Immune/Control
Difference . N
(t value) 3.45% 0.95 3.31%*

In these experiments, 2 x 106 spleen lymphoid cells were cultured in 2 ml. of medium with or without
PHA for 48 hours of culture. "H thymidine was added for the final 5 hours of culture. Results are
expressed as the mean counts per minute of five animals in each group having triplicate samples for
each spleen in culture. The triplicates in each spleen culture have less than 10% variation in counts

a Figures in parenthesis indicate mean cpm/culture + S.E. after loglo(X) transformation,
**% Significance at 1% level; * significance at 5% level. ' Q
' <
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spontaneous DNA synthesis of lymphoid cells occurred in the
immune mice, at least in the splgens. This is compatible with
an ongolng ilmmune response in the immune animals in which viable
tumor cells were injected 15 days before the test.

The response to stimulation by PHA was tested in spleen
cells from immune and control animalé. The PHEA was given at two
dose levels; 1/25 which was donslidered as an optimal dose and one
lower (1/250) for stimulation in mice. Using control lymphoid
cells, 3H~thym1dine incorporation was increased more than 50 fold
with the optimal dose and more than 20 fold with a lower con-
centration of PHA. The equlvalent figures for lymphoid cells
from the immune eanimsls, in contrast, were about 3.3 and 2.2
- times the levels found in unstiimulated immune spleen cell
culture, A significant difference between the immunized and
control groups was demonstrated at 5% level in response to 1:1250
PHA, but not to 1:25 PHA stimulation. However, it should be
remembered that spontaneous DNA synthesis was high in lymphoid
.cells from the immune animals in unstimulated culture,

For the two way analyslis of variance, ie, bringing together
‘'all the data, significént differences were demonstrated between
the controls and lmmunized groups, and between the three levels
PHA.‘ No significant differences were shown to exist among mice,
nor were the lnteractions between level and preparation present,

During the course of the splenlic cell preparation before
setting up the cultures, & high degree of cell agglutination
was noted in the spleen cells obtained from the immune animals,

but not in those from the control normal animals.,
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VII. Anti-tumor Agglutination

Using the tube and slide egglutination techniques,
high agglutinating activity was detected in the sera of all of
5 immune micé used in the previous experimentsv(VI). Titers
ranged from 151280 to 1:5280 (Table XIV). In the sera of the

control animals, no agglutination was detected sbove 1120,

VIITI. Demonstration of Tumor Specific Humoral Antibody

1. Immunofluorescence Studies

Samples of serum, obiained 18 days after the third
tumor challenge, from two immune mice were tested for the
presence of anti-MC tumor antibody. Each immune serum pre-
paration was tested on frozen sections of the fresh MC tumor,
SP tumor, and liver from a normal A/Jax mouse. The latter two
tissues served as controls., When the sections were examlned
microscoplically under ultraviolet 1llumination, bright
fluorescence was observed on the cells of MC tumor sections
when immune serum was used. The fluorescent dots were located
primerily oﬁ cell periphery end some in the cytoplasm of tumor
cells. A very little fluorescence was noted in the nuclei.’
The cells in the necrotic areas were not distinctively stainéd.
No apprecilable fluorescence was observed on the section of SP
tumor nor of the mouse liver. The reactions of the sera were
vsimilar from both immune mice used in the testv,

- Sera from the two normal mice were tested under similar

conditions and ne fluorescence was noted on the sections of
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Table y1v, Aggulutination of MC tumcr cells

by immune and normsl mouse sera®

Mouse # | Immune serum Normal serum
1 111280 1:26
2 115210 118
3 112560 | 1116
L 111280 i:8
5 1:5210 114

# Duplicate experiments were performed for each test.
Titer is the highest diluticn of serum showing

clearcut azgosulutination.



93

MC tumor, SP tumor or mouse liver,

The specificlty of serum antibody to MC tumor was also
deternined by the absorption studies, Incubation of antiserunm
obtalned from one of the MC tumor immune mice (108 viable MC
tumor_cells/ml. serun) at 0°C for one hour to absorb the anti-
body. The serum was then tested and no positive stainiﬁg was
observed with MC tumor on the sections.

To determine whether there was circulating anti-MNC
tumor antibody in the MC tumor-bearing mice, sera of two 18
day tumor-carrylng-mice were tested. No fluorescence was seen

on the frozen sections of MC tumor, SP tumor or mouse liver,

2, Effect of Serum from Tumor Immune Mice on the Growth

of Transplanted MC TumoX

In two experiments, aftef MC tumor cells were
incubatéd with MC immune serum the tumor growth was markedly
enhanced in syngeneic mice aé compared with controls, The
controls were treated with normal mice serum or untreated with
serum (Table XV). The enhancement was revealed by a-shorter
1atént period of tumor appearance and en advenced growth rate
of cells treated with the tumor specific antiserum. The mean'

tumor diameters at 20 days in mice treated with anti-MC tumor

serum undiluted and 1:125 diluted were significantly greater than

those in normal serum treated controls (p<0.01 end L 0.05

in experiments 1 and 2, respectively).



Table XV. Effect of Tumor Specific Isoantiserum on
Tumor Growth in Syngeneic Recipient A/Jax Mice.

Experimeﬁt Serum Dilution® Mice Devéloping Mean Latent ‘Mean Tumor Diameter
Tumors/Total Period (Mm) After

Mice Tested (Days) . 12 days 20 days
non serum treated 2/2 7.0 11.5 - 20.5
1 normal, undiluted 6/6 6.3 - 13.3 - 23.4
immune, undiluted 6/6 4.8 17.5 26.1
2 normal 1:25 6/6 . 6.6 10.9 21.6
immune 1:25 : 6/6 5.7 14,7 21.5

Serum and tumor cells were incubated at 37°C for 40 minutes befocre intramuscular
injection into animals.,

*PBS was used as diluent.

©6



DISCUSSION

For transplantation, the tumor was prepared,as a suspen-
slon contalning dissociated cells, The néoplasm regularly
produced 100% take when only 400 viable cells were injected
into the mice. The specificity of the MC sarcoma, as received
" from Dr. Buck, was demonstrated by its fajilure to grow in all
but its indiginous strain; A/Jax mice. The tumor appeared to
be host specific for A/Jax, since it has been tested in strain
A mice obtained from Houston and five other mouse strains in
which it failed to develop tumors,

Studies on chromosomes of the MC tumor over a period of
2 end half years invariably showed a/modal chromosome number
of'43, including always one and occasionally two nmetacentric
marker chromosomes. In general, chemically induced tumors
are individuelly distinet as regard to antigenic specificity, in
contrast to the fact that different tuwmors induced b& a given
?irus show an extensive and possible complete entigenlc cross
reactivity. The immunizing capaclty of methylcholenthrene
induced tumor normally persisted a long period of passages
in vivo. It must be admitted, however; that MC tumor which
has been transplanted serially for long periods of time probably
differs from the primary tumor. It has been shown that in
some instances, the tumor antigenicity appeared to diminish

upon serial transplantation in syngeneic hosts (Klein and Klein,

95
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1962). This was explained &s being due to & selection of

less antigenic cells or antigenic sinmplification. On the other
hend, there 18 also the possibility of acquisition of new anti- |
gens in trensplaented tumors through repeated passages,_result-
ing in stronger antigenlicity. For lnstance, the transplanted
tumer might have contalned isoantigens of the primary tumor
host, yet some of these isoantigens might have been lost fron
eninal strains (by mutation) during continued inbreeding. In

- such circumstances, the tumor cells remaln or become antlgenic
even if the original TSTA's have diminished, since the iso-
antigens in the tumor cells would manifest themselveé as the'
TSTA's which would be the only antigenlec difference between

| the host and tumor. Alternatively, the tumor cells might

change genetically in the course of serisl passages in the

sane 1nﬂred host, thereby gaining entigens. It cannot be stated
with certainty that the tumor has not been contaminated with

- viral materials, eveﬁ though no viral particles were detected

in the tumof by the electron microgcopic observations. Instances
of antigenic loss &5 well as antigenic gain have been discussed
(Green, 1959; Witebsky, 1961; Tennant, 1970). No matter what
the éituation as far as antigens are concerned, the tumor |
remained specific to its syngenelc host and we believe that

it is worthwhile to test anti-tumor immunogenicity in such en
aninal host-tumor system. In the interpretation of the results,

one must assume that the chemically induced tumor used in this
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study may not necessarily be immunoclogically representative
of chemlcally induced tumors which are of recent origin '
(Riggins and Pilch, 1964; 01d et al, 1962; Prehn, 1963b),
Attention has recently been peild to expre ssion of
malignancy in various hybrid cells., Barskl end Cornefert (1962)
demonstrated the dominant character of hybrid'cells which
arose spontaneously in mixed cultures of a highly malignant
mouse lines, A similar observation has been made by Scaletta
and Ephrussi (1965). Hybrids between tumor and normal mouse
cells produced tumors ln the same way as the malignent parent
cells, In contrast to these results,‘Harrls and coworkers
(1969) have shown suppression of malignancy by cell fusion
between malignent and nonmalignant cells. Of great interest
in tumor immunity along this line is that the hybrids between
Ehrlich ascites and hemster trensformed cells have been shown
to lose their tumorigenicity 'ttransplantablity)."The
hybridization induced immunity against Ehrlich ascites cells
vhen these are subsegquently introduced into the mice (Watkins
and Chen, 1969). The introduction of the Sendai virus cell
fuslon technique has rendered it possible to fuse almost any
mammalian cells (Okada et al, 1957; Harris et al, 1966). ‘Des-
pite'the current interest of cell fusion in various blologlcal
fields, little attention has been paid to the loss of transplant-
ability by fused tumor cells of the same origin or type, although

the fate of such fused cells was pointed out 14 years ago: "...
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it is certain that the fused cells undergo degeneration at
last" (Okeda et 81, 1957). Although the actual mechanisms of
cell fusion were still unknown, it was suggested that virus
might alter the structure of the cell periphery, involving
the configuration of either 1lipid or protein micelles or both,
initially by binding to it (Roizmen, 1962; Lucy, 1970). The
changes might well be expscted to be reflected in abnormal
cellular behavior,

It has been shwon by Okada and associates (1957) that
fusion required viable cells as Ehrlich ascites cells aggregated
following injection with Sendai virus and degenerated cells
were rejected from cell aggregates, This also could be inferred
from the experiences of the present study that a 6onsiderab1e.
“increase in the percentage of dead cells was found among the
single cells after fusion. Technically, we therefore used the
cells with or over 80% viability (live cells per total cells)
for fusion. Ho and Gorbunova (1962) indieated that fusion
activity occurred in most céll types of human and gnimal origins
examnined and yet it varled in amount with different viruses,
They further noted that the fusion aotivit& parallelled HA titer
but was not identical with it. Okada and Todokoro (1962) found
that in Ehrlich ascltes tumor cells and Sendal virus, fusion
factor of the virus was different from its infectivity, HA
activity, and wa8  not related to its neuramihidase activity.

Sendal virus-fused multinucleate MC tumor cells lost

their transplantebllity and stimulated a protective reaction in
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the reciplent mice. Twelve separate experiments were performed
in mice by injecting three immunizing doses of fused cells and
the results indicate the bodys! immunologlcal defenses could

be built up against challenges with viable tumor cells (Table V).
The control group éhowed a 1009 progressive increase in tumor size
until death of the enimals, Injection of either Y-irradiated
tumor cells or neuraninidacse treated tumor cells were compared
with the present immunizing method in respect to the strength

of immunogenicity. As determined by three subsequent tumor
challenges, it was shown that fused cell treated mice attained

a striking resistance (73%), whereas the resistances induced

by Y-irradiated cells and neuraminidase treeted cells weré 20%

~ and 37% respectively. During the course of repeated tumor

challenges, the immunity produced by fused cells appeared
relatlvely persistent, while the mice immunized by neuraminidase
treated cells tended to decline in their resistance (Fig. 2).
The stability‘of the immune state in Y-irradlated cell exposed
mice is not clear, as the mice were used for some other purpose
and not tested after the third challenge. It should be kept

in mind that when the tumor for challenge was inhlbited to grow
in immunized mice, 1t usuvually regressed, since 1ts presence in
the body also reinforced the preexistent immune state., On the
analogy of the efficacy of attenuated miecrobial vaceine, it
does seem that virus fused cells have immunizing powers: better

then tumor cells treated by chemical or physical means,
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The specificity and an immunological basis of the
protective reaction seenm evident for the following reascns:
(1) Immune animals had no protection against the growth of a
spontaneous tumor (SP) of A/Jax mouse; (11) Pos tive results
for delayed type hypersensitivity were consistently shown in
the immune mice, accompanied by subsequent rejection of the tested

tumor inoculum, Negatiwve results were cbtained when SP tumor

ii) Pesitive flivorescent stain=

e
et

was tested in the same way. (
ing reaction was demonstrated with only MU tumor, but not with
SP tumor, using antiserum obtained from the immune mice. (1V)

Immune sensitivity in respect to MC tunor could be adoptively

%...l

‘transferred to normal virgin anlima

D

s by means of 1living lymphoid
cells from the regional nodes of actively immunized animels.

(V) A high degree of spontaneous DYA syanthe sis.of the lymphoid
cells obtained from the spieens of immurnized anirmals was
demonstrated in vitro.

A completely different approach tec immunotuerapy ha

0

rd
-~
N~

been developed by Czajkowski and associates {1968,

‘}.J
O
~J

), who
have showm that antigenicity of the tumor cells cculd be
enhanced by coupling them to an antigenic protein carrier (e.g.
human or rabbit gammza-globulin) with bidiazobenzidine.

‘Results in animals or in patients injected with this complex _
are encouraging and suggest that both celluliar and humeral

imminity are activated and directed agalnst the tumor cells.

Yy

In the investigations of cells for the attachment of myvrovirusas

viral coated-protein mclecules, namely hemagglutinins, have
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been found to incorporatéd into the plasma membrane of virus
exposed cells (Hotchin et 2l, 1958; Morgan et al, 1962;

Marcus, 1962). The sequence of events of such surface con-
version are that cellular receptors have to be attacked by
viral destroying enzyme (specifically neuraminidase) before
viral lipoproteins become incorporated into the host membrsasnes,
As far as the present immunizing technique 1s concerned, it is
difficult at present to fully explain the mechanlisms of fused
cell action in immunogenecity. However, it appears clear that
during tumor cell fusion by Sendal virus the coat components
of the virus would become 1ncorporated into cell membrane,
Although the modification of cell surface in terms of molecular
configuration has s8till not been understood,'the viral lipo-
proteins might well be bound to the TSTA's in some way within
the cell nmembrane. The modified fused cells are nerely
attenuated, in the sense that their growth rate is slbwedldown
or they lose their transplantability, and/or render themselves
more immunogenic in isogenic hosts, This is further supported
by the results that the failure of immunoprotection by viral
treated single cells with varyling doses in the controlled
experiments. The rationale of the present experiments has some
similarity to Czajkowski's study (1966,1967) previously men-
tloned and also to the concept of M"artificlal heterogenization
of tumor specific antigens" by Russian investigators (Svet-
Moldavsky and Hemberg, 1964, 1967; Hamberg and‘évetuﬁoldavsky,

1967), The same principle was recehtly interpreted by Mitchison
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(1970). He suggested thafva heiéer deterninent, which can be
hapten, a protein, a viral cost proteln or a xenogenous cell
antigen is 1ntrodu¢ed into & population of tumor cells. An
lmmunologlcal reaction occursagalnst the helper determinants
after transplantation of the modified tumor cells, As result
of this, the reaction to the accompanylng TSTA's of the tumor
cells is enhanced,

The possibillity of direct viral oncolytic effect and
the immunological oncolysis was'propbsed by many investigators
(Moore, 1960; Lindenmann end Klein, 1967; Webb and Smith, 1970).
Viral oncolysis could be excluded in the immumne reaction elicited
by the fused cells, as the virus ussed has been inactivated,

Inﬁerferon‘wés shown to be 1nducéd‘by'eertain'virusés
including Sendal virus even vwhen UV=-inactivated, If a tumer
1s induced by a virus, infection Qf the tunor-carrying-host
with a second virus might interfere with the growth of tumor-
igenic wvirus or the transformed cells through interferon
induced by the éeoond virus. It haslbeeﬁ demonstrated in
several cases, such s Friend virus leukemia in micz that
‘progression can be 1nhibited“by infection with Sendal virus
{Wheelock, 1966), Also administration of an interferon pre-
raration delayed the evelution of Friend and Rauscher leukenmisa
in mice (Gresser gt al, 1969). DMNouse interferon was also
effective in increasing the survival of mlice bearing chemically
induced tumor which was contamlinated with intracellular type
A "viral particles". Recently the suppression of tumor growth

in animals incculated with interferon inducers has also been
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described (Levy et al, 1969): "By electron microscopy, there
was no indlcatlion of the presence of any virus particles in
the MC tumor used in the present study. It seems unlikely
that interferon produced by lrradiated Sendal virus might play
& significant role in ilmmunoprotection in the present system.
Sendel virus neither protected the animais from the growth of
tumor cells nor prolonged‘the animals! survivals when 1 X 106
single tumor cells were injected into one leg and virus
suspension (522 HAU) in.the other at the same time,

v It has been shown that many tumor cells possess a
mucoprotein coat and digestion of this layer with neuraminidase,
demonstrated the presence of sialic acid (Gasic and'Gésic,
1962; Weiss, 1966). The high negétive surface charge on
_malignant Qells‘has been considered_to explain their failure
 to exhibit normal contact inhibition of movement {Abercrombi
and Ambrose, 1962). A hypothesis advanced by Currie and
Bagshawe {1967) was fhab the freé carboiyi group of siaiic acid
~in pericellular sialomucin confers a strong electronegative
effect which repéls negativély charged lfmphocytes. This
masking of the cell periphery by sislic acld was considered to
be analogous to the demconstration that humoral antibody can
protect (or inhibit) antigenic sites from immme lymphoid
cells?! recognition and interaction. On the basis of this
concept, Currie‘and BaQShawé further demonstrated'signiflcant
imrmunoprotection in nice after injection with neuraminidase
treated tumor cells of various tyres (Curriec and Bagshave,

1667, 1568a&b, 1969: Bapshawe and Currie, 1968). In the
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course of the studles of viréi oﬁcﬁlySis, Lindenmann and Kleln
{1967) have shown that injection of neuraminidase (between 150
pg and 600 pg) along with Ehrlich aécltes tumor actively
preventéd the animals from developingitumor in most A2G mice,.
However, Cormack (1970) claimed that cells become less antigenic
after surface sialic acld on Walker tumor cells was removed
by neuraminidase, Currie and Bagshawe, and Cormeck both used
neuraminidase prepared from the same source-V. cholerae. In
the comparative study of immunogenicity, MC tumor cells which
were incubated wlth purified neuraminidase derived fron

V. ggglgggg were also eble to produce tumor immunity in the
present system. The failure in ilmmunoprotection by the cells;

pretreated with neuraminidase obtained from C. perfringens

cultures could be attributed to structural degradation of the
membrane of MC tumor cells. It was found that cells treated
with this enzyme, lost their viabllity as assessed by trypan
blue dye exclusion. Cytotexic activities of other contaminant
enzymes in commercially avialable neuraminidase including the

one we used (C. perfringens), have recently been reported

(Xraemer, 1968),

As Sendai virus possesses neuraminidase activity (Sokol
et al, 1961), one cculd argue that the effect of viral
neuraminidase night play e majer role in anti-tumer immuno-
protection in mice treated with virus-fused tumor cells. This
possibility could be ruled ovt In view of the following find-
ings. First, pH of Sendal virus suspension harvested fron

allantoic fluid of hen eggs usually ranged from 7.6 to 7.8.
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After storage in the cold (4oC) for 2 to 3 weeks, the pH of
the suspension rose to 8.0 to 8.2, The optimal pH for
neuraminidase of egg grown Sendal virus was shown to be 5.0

to 5.5 and very low actlvity could be found when the pH was

at or above 7.0 (Tozawa et al, 1967). in our cell fuslon
process, pH of virus suspension was always higher than 7.4,
The reaction of neursaininidase in virus-fused cell immunogenicity,
therefore, appeared to be less likely. Secondly, the results
of the pilot and one of the controlled experiments indicate
that virus treated single MC tumor cells with wvarious doseé
did not effectively produce immunoprotection against the tumor
growth in such treated animals. Finally, the imaunity induced
"by neuraminidase treated tumor cells declined on repeated
challengeswhile that induced by virus-fused cells did not.

As nentioned earlier, desplite the relative stability of
chromosome pattern in the MC tumor, variablility in transplent-
eble tumor cell population is not unusual (Hauschka, 1952).
The occurrence of randoem fusion between or among tumor cells
constituted a mosaie type of immunogens when? such fused cells
were injected into the mice, This probably is an advantage
with regard to wide spectrum of anti-tumor immunity so thaﬁ
no tumor variants could escape from the immunological attack.

It must be kept in mind that the response of the body
to vifus-fused multinucleate tumor cells suddenly induced by
inactivated Sendail virus would be very different from the host

reaction to established polyploid tumor cells. It hes been
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shown that near tetraploid éscites cells derived from the

near diploid cells became more nonspecific with respect to

host transplentability (Hauschka et al, 1956; Hauschka and Amos,
1957). 1In the preéeﬁt study, MC tumor cells was chosen as a
rodel to test the host reactlon to polykaryocytes which are
potentially polyploid cells. In the former case, 1t.has.béen
suggested that diminlished antigenleity may occur by increases
in cell volume and alterations in geometry assoeciated with
increases in ploidy, which mey reduce the density of antigenic
sites (Hauschka and Amos, 1957).

Foot-pad cutaneous reactlions in mice have been used as
indices of experimental delayed hypersensitivity (Nelson and
Mildenhall, 1967; Veng and Balliday, 1967; Halliday and Webb,
1969), Our work has shown that tumor specific delayed hyper-
gensitivity end the abllity to suppress the growth of tumor
cells can be demonstrated in the immune mice by the same test.
It should be pointed out that delayed reaction and tumor
suppression did not always accompany each other unless viable
tumor cells for injection were at an appropriate concentration.
The number of live cells needed to elicit an effective delayed
hypersensitivity reaction was established in our system and
shown to be approxlmately 1x 105 cells, In &ddition, various
forms of tumor antigen preparations were used for foot-pad
injection. Only living cells were found to glve a sultable
reaction. Wang's observation on delayed hypersensitivity to
benzpyrene-induced tumors in rats (Wang, 1968) differed in

one aspect from that reported here. She used sonically
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vibrated tumor extracts as eliciting entigens and found them
'effective. In contrast, we found that mechanically disrupted
cell materials had no significant activity.

Although the mechanism of antigen transport 1s not
known, reglonal lymph nodes are important sites of antigen
processing and cellular changes occur in these organs character-
ized by the appearance of large pyroninophil cells (LPC) (Gowans,
1962), Gowans and McGregor (1965) stated that there is good
evidence that the precursor of LPC is the small lymphocyte
which transports antigens to the lymph nodes. They also
considered that the activated lymphocytes released from lymph
nodes could conceivably be the progeny of LPC, In another
connection, Weir (1967) has recently suggested that the form
which an antigen exhiblits mey determine the response,
Particulate antigenic material phagocytosed by primary antigen
handling cells (macrophages) appear to stimulate immunity,
while solublé cell constituents which contact lymphocytes
directly induce tolerance, For the former, the antigen 1s
bound non-specifically to macrophage RNA (Fishman and Adler,
1967) and trensported to a lymphoid cell forming antigen-RNA
complex and proliferation of lymphold cells initiated.
Intimate contact between lymphocyte and macrophage have been
observed and antigenic information may be transferred
(MacFarland and Heilman, 1965). The concept of lymphocytes
with changing morphology and functlon seems to fit well with
current understanding that the potentially long-lived, small
iymphocyte is not an end cell., The alternative pathway leads
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to the formatlon of plasmocytes which engage in immunoglobulin
production., Clues to the mechanisms of rejection have been
derived from ;g x;ggg studies, though they may not truly be
parallel to rejection in the body. Experiments ;g.z;§gg_using
sensitized lymphold cells for cytolysing the target cells, all
-seen to require a close contact between immune lymphold cells
end target cells (Rosenau snd Moon, 1961 Méller‘and Méller,
1965) without involvement of compleméht (Phillips et a2l, 1968),
Takasugi and Hildemann (1969 a and b) suggested that the actual
immune rejection could invelve contact between 1ymphoeytesvan&
target cells, bringing IgM antibody bound or free of lymphoqytes
into the immediate proximity of the tuﬁor cells.,

Alexander (1967) has demonstrated chemically induced
tunor regress&on following injection of immune lymphold cells,
The injected immune lymphoid cells did not reach and exert a
direct effect on the tumor cells, but settled mainly in lymphold
orgeng and predominantly in spleen in vhich the lymphoid cells!
RNA appeared to initiate enhanced host resistanoe.‘ Recent‘
evidence for "immune RNA" in antlbody formation and in the
 transfer of transplantation immunity supports this view

(Sabbadini and Sehon, 1967; Bell and Dray, 1969; Kuecheler

and Rich, 1969)., A number of experiments with solid tumors
indicate immune lymphoid cells (or their RNA) serve to initiate
‘& process which is then completed by the host (Alexander et al,
1966)., The anti-tumor effective cells are likely the LPC
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that begin to release from a regional node in three to four
days after injection with immune lymphoid cells, If this is
the mecﬁanism of immune cell action in the adoptive transfer
of immunity, multiple transfers of immune lymphold cells
might be important for the results of our experiments obtained
using 1mmune‘1ymphnnode cells (Table XII)., Transferrence of
1mmuhe'cells to the virgin mice should be similar to & process
’of imminization, Nevertheless, the action of injected immune
cells against ascites tumor cells probably_operated on a
different basis, since it has been shown that the direct effect
of immune lymphoid cells on the ascitic cells resulted in
destruction of the latter in vivo (Alexander et gl, 1966).

| The abllity 6f regional lymph node cells tec confer the
adoptive transfer of 1hmunity was confirmed by use of graded tumor
doses for challenge. The number of Splehic lymphoid cells required
to effect the adoptive transfer of chemically induced tumor
immunity was approximately the same as the number of lymph
node cells and the degree of immunity produced was comparable
(Bard et al, 1969). In the present experiments, the failure
to demonstrate a cbmplete imnmunoprotection is not well under-
stood. The ﬁossible explanation might involve the mechanism'
of immune cell action Just discussed. It might also be due to
a high tumor dose (1 x 105 cells) used, as partial protection
was indicated by prolonged latent period of tumor appearance

and longer survlival in the spleen treated animals, Moreovér,
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animals given a mixture of iumune spleen and tumor cells atv
& higher ratio (100:1) survived significantly longer than the
control animals injected with buaor cells alone (Table XI).
In this connsction, the spleen immune cells in the exXperiments
could confer a detectsable degree of ilmmunity in terms of
conplete tumor resistance, if lower and different graded tumor
doses had bheen tested,

In addition to the enlargement of spleen and lymph
nodes, one of the chlefl characteristlcs of sctive immunity is
cell proliferation indicated by lymphocytosis (Takasugl and

Hildemann, 196Gb; Bloom snd Hildemann, 1970). The in vitro

——

induction of transformation and proliferation by specific
antigens might represent an expression of the in vivo delayed
hypersensitivity reaction, Lyaphocytes obtained from
individuals who were ssnsitive to a varticular antigen, such
as tuberculin, transformed into proliferating ilmmunoblasts
when exposed to the same antigen in vitro (Pearmain et 21,
1963; Mills, 1966; Oppenheim, 1968). The in vitro prolifera-
tion! therefore, way be related to in vivo functiocn. Some |

<

immunologically committed iympvhoecytes (potentially long lived

cells) continue their imminological role, with

[n]

apid trans-
formation into proliferating cells and presunably antibody

formation, in the event of re-cxposurs Lo the antigen to which

the cells have been committed (Gowans, 1962). Tt has been

in

shouwn that proliferating blasts in vitro are cytotoxic to

cells against whnlch they are sensitlized (Helm and Perlaan,
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1965; MN8ller, 1967). The cytotoxicity demonstrated specifi-
city toward histocompatibility antigens‘of the cells used in
inmmunization, therefore, establishing the cell-mediated immune
response,

In the present experiment on cellular‘responsiveness of
splenic lymphoid cells, a remarkable increase in spontaneous DNA
synthesis was found to occur in cultures of spleen cells from
immune animals (15 days after challenge) (Table XIII)._ These
in vitro results represent an ongoing immune response in the
actively immune mice, This finding is in accord wilth lympho-
cytosis which is assumed to be intimately involved with the
tumor-specific rejection. In view of results obtalned fromAthis_
experiment and from the test of time sequence for delayed hyper-
sensitivity (Fig. 34), onset of rejection must have occurred 4
to 6 days after the challenge and continued for more thah 20 .
days. Spontaneous transformation (or DNA synthesis) in vitro
has also been used as a possible test for homograft compatibllity
(Bach and Hirschhorn, 1964) and for drug hypersensitivity '
(Caron and Sarkany, 1965) based on the absence of spontaneous
transformation in normal control culture,

The spleen cells from the immune animals falled to show
significant stimulation by PHA at optimal concentration (1:25)}
when'compared with controls., This can be attributed to failure ‘
of immune "cytotoxic" lymphoid cells to respond to the non-

specific stimulator-PHA (MacLennan and Harding, 1970).



112

A general decreasg of immunological reactivity in tumor-
bearing hosts is compatible with the anergy often demonstrated
in aninals carrying experimental tunors (Stjernswgrd, 1965) as
well as in humen cancer patients (Lamb et a8l, 1962; Amos et al,
1965; Hattler end Amos, 1965; Robinson and Hochman; 1966) .,

The absence of delayed type of hypersensitivity and lack of
resistance to tumor challenge in tumor~bearing mice might have a
common cause; It may be a state of 1mmunologicél commi tment

in the host induced by the excesé tumor aentigens or an immuno-
logical deficlency assoclated with the tumor's rapid growth
(Smith and Alder, 1970). This hes been further explored

using in vitro lymphocyte stimulation by PHA in spleen cells
from chemically induced tumor bearing mice, and the results

were compared with spleen cells' PHA response of animals
immanized with other antigens (Adler, 1970). In combination of
spleen cell seperation and 3H tdr incorporation assay, the same
author was able to demonstrate that small lymphocytes (PHA
reactive cells) in subpopulation of the spleéns of tumor-
carrying-mice decreased in thelir proportional representation in
"the spleen and total reactivity of the spleen cells to PHA was
reduced, The increased subpopulation in the case was found to
be}antlbody producing cells or thelr precursors. Furthermore,
similar changes oceurred in the spleen cells of animals immunized
with either sheep red blood cells or allogeneic cells., These
results suggest that decreased PHA reactivity found in the spleen
dell population of tumor-bearing mice may be related to immuno-

logical commitment rather than immunological deficlency.
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The results of immuﬁéflﬁcfescent studies yleld a positive
correlation of MC tumor with the serum obtalned from immune mice,
although no attempt was made to quantitate the percentage of
immunofluorescent cells. The reaction was specific, as negative
results were obtained when SP tumor seclions were teated. The
observations are similar to those obtalned in the studies with
3-methylcholanthrene induced mouse sarcoma (Lejneva gg al, 1965).
The presence cof tumor-specific antigens at the cell periphery
was demonstrated in this experiment. The entigens {TSTA's) by
thelr nature must be locelized on the cell surface, It seems
probable that antlgens located deep within the cytoplasm are
not effective in eliclting significant antlitumor immune response,
Applications of this technique have produced evidence of the
precence of circulating antitody in the immune mice, since only
serum from immune mice gave the positive results, The studies
alsc have shown the site of locallization of antlgen-antibody
. comnplexes, which were found to be in the Qell merbrane and
cyteplasm of the tumor cells.

Humoral antihody in the irnmuneserum was also demmnstrated
by its effect on the enhanced growth of treated MC tumcr cells
in the syngeneic recipients {Table X }o The degice of
- enhancement 1s comparable to that previously reported against

methylcholanthrene induced sarcomata (Moller, 196i; ¥sldovsky,

1969), However, a low dose of immune serum d4id neh irhiblt

growth of transplanted tumor, as observed by Yoldovwsly {1969).
At prescnt, we have nc satlisfactory explanntion for the

difference in resulis,
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Studies of the absbrptiéh%ofﬂégglutinating antisera
indicate that sera from immune aﬁima}s contained higher titers
of tumor agglutinin. The significance of agglutination and its
exact role in anti-tumor immunity is difficult to assess.
However, it suggests a strong affinity between antigen and anti-
body at the antigenic sites of tumor surface, leading‘to immuno-
loglcal enhancement. Moreover, it appears that there is no
direct relationship between the titers of agglutinin in sera and

the degree of spontaneous DNA sythesis in vitxe of splenic

lymphoid cells in the immune mice.

Some non-viral fusion agents, namely, lysolecithin,
retinol and sodium nitrate have recently been describéd'(Poole.
et 81, 1970; Lucy, 1970; Power et al, 1970). However, these
agents apbear to be toxic to the cells, akthough they easily
produce fusion in some types of cells. If cytotoxicity of these
gunstances could be reduced, it 1s‘feasiblé and would be importantv
’to use such fusion agents to lnvestigate the actual mechanisms
underlying immune reactions in fused-cell exposed animals, ;n
‘such & system, viral‘antigenicity ard viral induced interferon
could completely bs aliminated from the tumor-host iﬂte:actign.
Furthermore, further studies using more refined csll separation
techniques and various routes for immunizetion in aninals are
vre@ulred to help our understending of the role of fused cells
in antli-tumor 1mmunogenicity.‘ It is hoped that' researCh
along this line will lead to successful approaches to cancer

Iimmunotheravpy,
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SUMMARY

transplantable methylcholanthrene induced mouse tumor

was examinced by llght and electron microscopy. Light mlcro-
scopic observations revcealed that the tumor was e sarcoma and
made up of undifferentisted anaplastic cells exhibiting cellular
and nuclear pleomorphisma, Exanmination of the tumor ultrathin
sections showed that the cytoplasm of most tumor cells wére
filled with ridbosonmes The overall appearance of the tumor by
aleoctron microscopice obervations suggested that they were con-
posed of cne general‘cell tyre. The tumor dells were character-
ized by stemline karyotypes of 43 chromosomes, including always
cene or infrequently two metacentric marker chromosomes,

By using UV-inactivated Sendai virus-induced-cell fusion
techaigue, & model system cf anti-tunonm immunogenicity has been
developed, based on the loss of transplantability of the fused
tunor cslls and resistence to subsequent tumor challengs in the
tseologous hosts, A/Jax mice, The nontransplantable fused tumol
éells $erviﬁg asiimmunizing’doses proved highly'immunoprotective
in animals, as they induced heighltened resistance to subsequent
riable tumor challenges, The immwmologlcal rejection involved
in this resistanceAwas tunor-spescific., Sendal virus treated

oingle tunor uells of various doses falled to protect the

animals from tuncr growbkh. Furthermore, the active lummunity

v

a
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gminet the tumor Induced by the present methed was conpars
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with those ofother immunizing techniques, namely, by using

¥ -irradiated tumor cells and neuraminidase treated tumor cells,
The virus fused cell treatment induced a better protection than
the other two procedures in the animals tested. Three repeated
injections of fused cells at 10 day interval conferred & higher
level of immunity against tumor challenge.

‘The establishment of the state of acti#e inmunity in
fused4celi immunized mice was further supported by the test of
delayed hyperscensitivity, using an appropriate visble tumor
inoculun(1 x 105 cells). Tumor cells injected into the foot-
pads of the actively immune mice gave positive reactions. The
live tumor cells used in the test were always rejected. The
adoptive transfer of tumor immunity from immune mice to the
normal syngeneic mice was also accomplished by the intraperito-
neal administration of cells from lymph nodes,

To test cellular response of lymphold cells from tumor
immune mice, the}proliferating capacity of spleen lymphoid cells
was assessed by tritiated thymidine incorporation in vitro. A
high degree of spontaneous DNA synthesis of immune spleen

'lymphoid cells was evident, as a 23-fold increase of the radio-
active counts was obtained when compared with controls., This
indicates an ongolng immune response occurred in the immune
animals which had been challenged 15 days before the tests. A
similer suggestion could also be reflected by the results of
relatively poor net-response of immune spleen cells to further
non-specific stimulaetion by PHA in culture.

Hunoral antibody against MC tumor specific entigens in
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immune enimals was demonstrated in vitro by application of the
indirect immunofluciescent antibody technique. Inmune humoral
antibody was also demonstrated in vivo by its effect on enhanced
growth of MC tumor cells after the serum incubated cells were
transplanted into syngenelc recipients.

Finally, the possible mechanisms of anti-tumor immunity
revealed from these results were considered in relation to

‘pertinent literature of tumor immunology.
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