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. INTRODUCTION 

H1Stfg~1c~Jie~\gJ?me~~ 

Progress in tumor immunity had to a1•rai t the development 

and us·e of inbred mouse strains and a better understandi11g of 

the antigenic properties of the graft and the host. In the mean 

time, a vast, contradiota.ry literature had accumulated and a 

great part of this confusion could be ascribed to the antigenic 

disparities existing among the experimental animals used by 

early investigators. The difficulties of research in tumor 

immunology before the realization of this fact have been described 

by ma.ny authors. The origin of tumor experimental research 

during the pertod before 1900 has been reviewed by Tyzzer (1916) 

and Ti~1.010 (i964). Other extensive reviews by Bittner (1935), 

Snell ~ !!1. (1946) and Klein (1959) include the period before 

1945 when the so-called "laws11 of transplantation and immunological 

aspects of tumor transplantation were originally established. 

The mouse systematic studies of tumor transplantation, 

according to Tr1olo 1 s review, began with the work of Jensen 

(1903), Loeb (1902) and Ehrlioh (1906) who were among the first 

to demonstrate that transplantation of a piece of tumor from 

one animttl. to another would result in progress!ve tumor growth 

in some cases. Loeb approached this problem by proposing and 

using animals of lmown ancestry (Bittner, 1935). A spontaneous 

tumor originating in the Japanese waltzing mouse strain was 

foun.d to grow well in all members of the indigenous.strain. 

1 
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However, mice from a different albino stock were res:tsta.nt 

and rejected the tumor. Leob drew ~ttentlon to the variations 

existing among individuals of the sawe species that might 

affect the growth of the tumor c During t.he period of 1909 

to 1916, Tyzzer and Little (1916) attempted to identify 

factors responsible for the differences in the susceptib:i.llty 

and resistance to transplantable tumors with respect to the 

genetic constitution of inbred, hybrid (between the strain of 

ori~n and the resistant strain) and baclrn:coss mice~ The 

development of inbred strains began with Little 1 s brother

to-sister mating of dilute brown mice and the lnb1"'eed.1~g of 

other kinds of mice by Strong (1942). In 1922, Little and 

Strong formulated a gene tie theory of t:ra:nspJ.antatlon ot 

Briefly, it proposed that the outcome of transplantation 

depends on the degree of genetic similarity betw~en graft 

tissue and the host Through examination of' hsbri.cl and back-t 

cross, they were able to demonstrate that SUE1ceptibj.li ty to 

transplanted tumors in m).ce depended. on twel-re to fourteen 

dominant genes (Little and Stro~g, 1924). 

By 1935, further evidence in support of the genetic 

theory of tumor transplantation had established the importance 

of 1.nbred animals in tumor research {Bittner, 1935).. A br11 ... 

liant series of investi.gations by Gorzr, Snell and others 

demonstrated the importance of e,nt3.gens :tn tumor and ski.n 

rejection. Gorer (1937, 1938~ 

http:hsbri.cl
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of antigens located on erythrocytes and in the tissue of 

an inbred strain of miceo Tumor take or re,]ection by the 

.animals was shown to be due to the presence or abs~nce of 

e..lloantigens ( isoant.igens) on the transplanted tumor in 

relation to the host. Moreover, alloantibodies were induced 

in response to antigens found both in normal tissue and 

tumor grafts. Such antibodies could be measured by serological 

techniques using erythrocytes, leuJrnrnic cells or sarcoma cells, 

together with complement~ Leuknmic cells were neutralized 

by alloimmune se:r-um resulting in failure of leukemic growth 

in mice... _:'J.!his sugge-sted that alloantibodies play an impo.rta.nt 

role in immunity to normal tissue and --C-Umor grafts o In -fax~:t., 

the transplantatlon of tumors usually obeys the same rules 

that go~ern the grafts of the normal tissue~ Lack of this 

lrnowledge has led to some per:t>lextty in the past. 

Gorer, Lyman and Snell ( 191.f.8) found that the important 

htstocompatibili ty gene 2 -(H-2) locus was linked· to the gene 

for the mouse tail deformity, "fused". This locallzed the 

hlstocompatibility gene to the ninth chromosome of the mouse. 

Since then, further efforts wer·e made by Amos et a.1 (19 55~J., 

195.5b), Gorer (1958, 19.59 h Snell {1-953, 1954), St).mpf1 ing 

1965) and many others, who elucidated the complex H-2 locus 

which has many alleles. .About 20 alleles are kl10'ir.t1 at this 

locus, including conbinattons of at lea.st 2.5 alloantigenic 

specific:l. ties (Snell, 1964; Snell and Stimpfllng 1 1966; 

http:kl10'ir.t1
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Stit1pfling, 1969; Shreffler and Klein, 1970). Attempts have 

also been made to clarify the complexities of the weaker histo

com.patibility [~enes (Snell, 1958; Graff ~t a1,, 1966; Hildemann 

et al_, 19'70), H-2 has bet-:m consiclered the strongest hi.sto

compatibility gene, since the antigens associated with it have 

a. st.rong ca.paci ty for indueing trahsplantation immunity when 

compared with other loci, 

A better definition of histocompatibility barriers 

and genes governing the presence of alloantigens has also 

contributed to understanding of a.n tnte!'6Sting a.nd pari::1doxical 

phenornenon, It is, so-eal1ecl, "immunologieal. enhancement n 
·- 

·which suppresses rejection of the tumor graft, A--major effort 

in studies of this phrn.1omenon has been col1centrated on 

locat;ing the_ site of i:nhibl tion using tho im.rnune response to 

grafts. As knowledge regarcling the sequo1;1tia.1 steps in immune 

responsiveness ls still incomplete, attempts at lbcaliiing~the 

immune blockage have been classified into three types of 

inhibition, nau.1ely, the affe:cent, central and effccent. 

Billinghamj Brent and Heda~,.mr (1956) explc:~ined afferent inhibi

tion as the capacity of antiboclies to supp1·ess the immune 

response b~r preventing the antlgenic determinants from reachine; 

the regione,l lymph nodes in e..!1 effect-ive fm:·m; a central inhibi

tion as one in which an antlbody acts directly on ce1ls ensaged 

in antibody production; and an efferent inhibition is one which 

occurs at the tareet cell level by reaction between antibody and. 

~_-_., tead,:i..nv _ o ., .e: .~"er ,correspondin.. antigen__ reoentors.I: :::i to bJ_ocka7_ _ ... e f -en·· e 1 t~• 

http:Heda~,.mr
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Noller and Holler ( 1967) suggested periphe:cal block 

(afferent and/or efferent inhibitions) as the prnnary explanation 

for immunological enhancement. Immune cytotoxiclty and 

immunological enhfancement both depend 011 reactions between target 

cells and specifi.c cellular or humoral antiboclles-. Serum anti

bo_dies kill the target cells in v!tro by conventional complement
. . - -----·- - --~ 

fixation reaction and cell d.eath caused by participation of 

complement. Cel1.ula:e :.:mtibodies seero: to act by a different 

mechanism. Immune cells carrying a specific receptor attach to 

the target cells and cell death appears to 'be the result of close 

cont.E~ct bet~rnen th:~se two types of cells;_ complement is _nnt _ 

:required for the reo.ction~ Humora1. ar1tiboclies ·were therefore 

consiclered to antagonize the effect of the cellular antlbodi.es 

by competing for anti.genie determi:nn:nts of target cells~ 

Through the investigations of allogeneic tumor-host syste:ms, 

only Ie;G e.ntiboclies seem to promote immunological enhanc.~ement 

(Takasugi and Hildemann, 1969a and b). On the other-hand, IgM 

antibod.ies appear to be involved in resistance to allogerH~lc 

Hildemann, 1969a). The relationship of 

IgN antibody c~rtotoxlci ty and tumor rejectton, and action of 

IgG antibocl.y in lo~·Jerlng both these effeot;s in j.-cm:1unologicrtJ. _ 

enha~1cement has been interpreted in terms of feedback c.ontrol 

mechanism, Ho~JG~ll'·e:r., :t t has recently been suggested that IgG 

C9.n m~:m.ifest. j_ ts cytotoxic actlon when the den.slty of e:~·ttl .... 

genie determi:nents on the surface of target cells is high 

{.... i.,.. ~-t v • , tu J ,10"';"'\L. nsco .,

http:antlbodi.es
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The introcluction of graft antigens induced a lymphoid 

cell proliferation during the first week as detected in enlarged 

spleen aml lyoph nod.es~ as wel1 as. an increase of perlpheral 

lymphoid cells (Wood.ruff a.nd Symes, 1962; Bloom and Hildemann, 

1970). As a final pro::luct of imr.11JJ1i ty, a population 

of antlbod.ies arlses. Lj.-ttle ls knm·m about the rout.e of 

sensitization of the host to tumor cell antigens and equally 

scarce is lnformaticm with regard to the actual mechanism of 

rejection. Gorer (1958) sugg0st0d at least three different 

effector systems in rejocU.on. These include the cytotoxic 

effect of antibodies o~ leukemic cells, a rejection of solid 

tumor, such as se.rc.om8., by- Hctlvated lymphoid· cells, and the 

action of macrophages on a.sclces tumors, Rejection has been 

consistently associated 1-rlth the adopti vo transfer of_ immune 

lymphoid cells, but not ne~Dssarily with passive transfer of 

humeral antibodies. Neverthcle.3s. thls does· not meE~n that serum 

antibodies are not involved in rejectionQ 

Billinghan, Brent and Nedahar {19 54) were the fj_rst 

to point out the simtl2.\rl ty bctvieEn.1 trannplante..t:'lon immunity 

and delayed-type hypersensitivity. The reason for this 

proposi tj.on ·was 1• bE~sldes the histo1oglcal fee.tu:res, the evi.der;.ce 

sh.~.;ing the homograft sensi t:i.vi ty could be trEmsfcr:red to inbred 

norm:St.1 '1virgin" ani.rEals (those whic.h -had not been prevlously 

exposed to the grafts) by me·ans of a.cti vat-sd lymphoid cells-· 

from the regional nodes of actively sensitized animals. This 

transferrence of sensj.tiv·ity or inrnunity by act:l.ve.ted lyritpho.1.cl 

http:lyritpho.1.cl
http:evi.der;.ce
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cells is known as adoptive transfer and was first demonstrated 

with respect to tumors by Mitohison (1954)~ Similar- transfer 

has been show11. by Bt.llingham et al ( 19 54) and Brent et. ~,1 

(1959) with orthotopic skt.n transplantattone Klein (1960)s 

Ko1clovsky ( 1961) and Old et al ( 1962) transfer~ced immunity 

to chemically ind~ced tumors in inbred mice by administration 

of spleen and lymph nodes from immunized to non-·immunlzed 

animn.ls ~ A similar ob;::;crvation has been extended to tumor 

graft sensitivity :i.n inbred guineci pigs (Oettegen e~. §:1, 1967; 

Oettegen et al, 1968). Although at one time it was a matter 

of dispute as to whether delayed hypersensitivity occurs in 

mice. tt has in fact been established by several j_nvestigators 

1 • 1a].. pure i an t• _ (G an vT ·· · ..-~- ,.- _);d enn1ng, a5c:: 

Crowle, 1959). Development of delayed hypersensitivity to 

chemice.lly induced tumo:rs has lately been demonstr·e~ted in guinea 

pigs, rats and mtce (Kronman ~-~ ?:J., 1969~ Zbar !3t a.1,-1969; 

Wepsic et al, 1970; Wang, 1968; Ha-llida;y- and Webb, 1969; Hoy 

and Nelson, 1969)w In the mouse, delayed-type hypersensitivity 

is best demonstrated by injecting antigens in f6otpad. This 

has been done for a vari.ety of ant-lgens lnclud.ing allogenic 

tumors (Wang and Halliday, 1967) and chemically induced tumors 

of inbred mice (Hal1iday and ~\lebb, 1969) ~ 

It has been assumed. that tv..mor or homograft rejection 

is mediated through :purc}y cellular proc:esscs 1 wlthout 

incorporation of serum antibodies~ This was based on the analogy 

us_.ng microb" pro ~ve .... n igens .xray _ • 

http:animn.ls
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between deJ.a.yed-·t.ype hypc~rsen.si.tivi ty and. trans-p19x1taU.on 

i.mmu.nity, their 1>:w}-:: of tr1J..nsfer by irrL"'tUne serurn and reduced 

i mmuni t~l assocj_ated vrj_ th the phenomrmon of immunological 

enhancement, Lately, however, this problem of the role played 

by hum.oral antlbod.ies in the rejsction of -grafts hf1.S become 

the object of some controversy, part of which has b~en 

mentioned ea.rlle-c in rels.t~_on to imm-:.:rnological enhe.nf'.eme:nt. 

At any rate, it seems safe to say that delayed-type hypersensitivity 

reactions, in additio~ to confirming the specific antigenicity 

of a tumor, provide a convenient means of detecting tum6r antigens 

and a1 so coulcl be nsecl as an assay during the extraction of 

these antigens, as sugsestcd for g~inea pig tumors (Churchill 

~~ §3,1 ' 1968 ) • 

In 11.ght of rscent development in irnmunobiolcigy, small 

lymphocytes hEnre fina.11y been rec.0sY1ized. as a class of cells 

with functi.onal potentials,, One of the most important 

functions of these cells appears to be necessary for expressing 

the state of speci fie imr;ru:ni ty involvtng the cli fferentia t~on 

of cells in at least two directions, One leads to the production 

of cells specializing in-synthesis and release ·of humeral anti

bodies of the vario~s immunoglbbulin classes~ The other leads 

to the production of specifically activated (sensitized) cells 

which a.re responslbls for initiating the events recognized 

as cell-mt=;dlatecl j_mr.m·t"!i ty. The ro1e of small 1.ymphocyt~;; s 

in immune response has been extens:lve1y 

http:trans-p19x1taU.on
http:hypc~rsen.si.ti
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e!:_ al, 1968). By further investigations of Nowell's (1960) 

original observation it is now possible to study lymphocyte 

proliferation ~.11 vi trQ._. This techniq1.te has allowed us to 

reconstruct a.nd study the proliferative phe.se of the immune 

response in an independent system, 

Lymphocytes may be induced to enter the mttotic cycle by 

various agents includi.ng plant extracts, phytohemagglu.tinin 

(Pi-I.A.) (GoHans, 1962) s,nd pokeweE;d (Farnes et 8).:., 1964), anti-· 

lymphocyte serum (Grasb.eck et §.J.:., 196!-1-), e.nti-l!'nmunogl()bul:i.n 

·serum (Sell and Gell, 1965), and bacterial produc.ts, strepto1ysi11 

S (Hirschhorn ~t.. al_, 1964) and staphyloccal culture fi.ltrate 

(Lj_ng .Q~t §1:1.~ 1965). 1.~hesc are well k.11o·wn examples of nonspecln.c 

stimul8.tors, The sig11iflcance of the lymphoc}yte transform2-tion 

lnduced with a nonspecific agent such as PRA is unc.1.ear, Howeve:c-, 

PH.A induced blasts have morphological characteristics in common 

with cells transformed bJr specific antigens and with large 

pyronlnophtlic cells (LPC) that appear in certain cellular irr~une 

responses j_n Y1.Y.Q. ( Go·wans, 1962). Therefore j_n vl tro. behavior 

of lymphonytes provides e. mod.el in whieh the 1Jl YtY.9-..immuno

proliferative response as well as differentiatlon ce.n br.~ studied. 

There·· is no conv:tncins evtclence that.. PHA acts as 8.!i a:nt1gen~ 

though PH.A. tndu.ces Hn enormous stJ.rnulation ·of lymphocyte 

proliferation suggest5.ve of the immune ·response.. It bi::::comes 

.moI'e reasonable to conc.:..l:d.8 that PI-L\ operf~.tc:s primarily thro1.:!.,\3}:. 

gene s.c tivat ion (Pogo et~ §:.1., 1966, 1967; Johnson a.nc1 Hutd.n, 1·9?0) ~ 

Antlgens r:1B.Y :produce a sj.r:n5. lar effect, yet the stimu.12.clon. r:::D.y 

be elicited through a. O.ifferent mechanisw. 

http:suggest5.ve
http:produc.ts
http:includi.ng
http:techniq1.te
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Autowa and iso~ irnmun:i. t1: 

Before 1953. the type of tumor ·transplantation tmmunity 

r~ported ocurred exclusively in situations where the host 

and transplanted. tumor were of di ffet·ent genetical background 

and constitution. To develop anti-tumor imnrunity in syngeneic 

anj_mals (i.e. colonies in which all members are genetically 

identlcal and will accept skln grafts from one another) against 

their strain-specific tumors as well as to develop imnmnity 

in autochthonous animals against their own tumors has been a 

central problem in experimental tumor research, The object of 

such imresti--gati.ons has apparently the prospect of tumor therapy, 

hoping that tumor immunity could be induced by methods used l:n 

microbial immunity, However, it became clear gradually. tho.t 

the irom1nity, which could be induced against a transplanted tumor, 

did not produce immunity to spontaneous tumors, In light of the 

development of imnn:mogeneties, a.n improved u..nderstanding of the 

genetic determination of histocompatibility, which is co2mon to 

both neople.stic and. norn:al tissues, was realizede Although 

animals could be im:munj.zed against tumors from -genetically 

different animals, it seemed a.pp:Jrently not possible to imrnun:l.ze 

them against their mm tumors when no k.i-viown h:tstocompatib:\..llty 

differences existed. Nevertheless, attempts to demonstrate 

tumo1" specific immunity have continu.ecl, Efforts ln this dircct1.on 

have been disapp~inting, and some cases where positive results 

were claimed., there was clisag::i'.."'eeme:n.t with ·regard to interpretation. 

Foley (1953) reported that removal of transplanted tumc~s, 

http:dircct1.on
http:imrnun:l.ze
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recently induced· by methylcholanthrene (MC}, resulted in 

some resistance to subsequent challenge with the same tumor. 

However, ·when a 11 spontaneous 11 a.denoca.roinoma was grafted to 

other syngeneic mice and thereafter surgically removed, no 

immunity could be demonstrated to the same tumor. PrelUl and 

Main (1957) similarly found that 12 out of 14 MC-f1brosareornas 

could produce immunity to each tumor in inbred animals. Yet, 

seven spontaneous fibrosarcoma.s of the same histological 

appearance as the induced neoplasms, did not induce immunitzy-. 

The same authors also demonstrated that no immunity to iso

antigens of tumor cells was 1nduood by transplantation. The 

possibility of residual heterozygosity in the experimental mice 

has been excluded by their ~indingss (i) pretreatment with 

normal tissues from the original mouse did not produce tumor 

resistance; (11) skin from the primary tumor host was not 

rejected when grafted to syngeneio mice pretreated with the 

tumor; and (111) mice· of the strain used accepted intra.strain 

skin grafts. These results strongly suggested that each of 

the MC-induced tumors had specific 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~ al (1969) and Old~ al (1962). Among / 

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 tumor 

cells. In the investigation of Revesz, befo1,.e g1ving the tumor 

graft the mice were injected twice with irradiated cells from 

the same tumor taken from its first and second transfer in other 

syngeneic 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 persistance of skin grafts influenced 

by injection of irradiated sarcoma cells. However, no clear-cut 

resistance could be demonstratecl against ma!l1fil.9.ry adenocarcinomti.s 

or1g1na.tin.g spontaneously in inbreeding f'emalcs or against 

spontaneous lymphomas. Klein il al (1960) showed that in 19 

out of 22 tumors, 5 to 1000 times more cells were necessary for 

progressive growth in the treated anim@Jls than in untreated 

controls. 

In an investigation by Hirsch~~ (1958), an attempt 

was made to immunize inbred mice by injecting them with the 

first transplant-generation of spontaneous adenocarcinoma cells. 

The mice were then challenged with the second transplant-generation 

of the same tumor after removal of the first tumor. No difference 

in time of appearance of tumor or in mortality rate between experi

mental and control groups were found. Nevertheless, the treated 

mice showed a small but significant increased survival time com

pared with the controls. These results might be considered as evi

denoe that inbred mice developed weak immunity against spontaneous 

tumor due to their possession 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 lnducecl, sueh as mammary 

adenocarcinornn.s. When appropriately studir:;d 1.n 1T3.rus-,free mouse 

strain, these tumors were sho·wn to lndue.f.?. tum.or spectflc 

transplantation immunity (Riggbs and Pileh, 1964·) ·) Nost of 

the high tumor incidence strains of inbred mi cE; are ca:.erying 

the virus ·which ·was passed from mother to young., The young 

developed a tolerance by early exposure to the virus (vertical 

transmission) and_ the anirn::;...1.s showed absenc.e of im.'D.~)..:nological 

reactivtty, but not be?E~use tu.n.01; speelfic t:~":.1nsplantetlon 

antigen~ (TSTA 1 s) wc:ce lacking. 

1'he qtlestion ·whether it would alt:;o be~ pos.si b1e- b:) induce 

1.mmunity against MC-sarcoma in the pr:l.r.:~c:.ry a1rtochthononr.:! host 

has been studied by Klein et al (1960). ~~'he tumo::r ..·be.s:.:r:lng 

leg wa.s amputated, and heavily irradiated c0J.ls from t1·~e tumor 

injected back into the same mouse; two adclit~LonB.1 i.rmaunizatlons 

were given of irradiated cells from the t~o first transfers of 

the same t·urnor in the syngeneic hosts, rrwe1ve of the 16 primary 

tumor hosts tested showed resistance to their om1 tumors. In this 

case- the posslbili ty of hetcroz;:rgosity· in animals was completely 

ruled out, si.nee the tumor challenge under this given condJ.. tion 

was an nutograft. The rosults also shm\:ea. that anircals bear.i:ng 

·tumors are not incapable of' protect:Lng themsel·ves e,gainst t.he:tr 

own a;utochthoncrus tumors, 

The existence of tumor specific antigens j.n MC-induced 

tumors 1. s ·well documented (Klei.n et §'--1,, 1960; Old et l q6/i 
,,;' ..."""' 

http:pr:l.r.:~c:.ry


Prehn, 196J; Old and Boyse,:' 196l1-; Sjorgen, 1965; Klein, 1966). 

One fadvantage cf using chemi.cally induced tumors in the 

experimental tumor research is that each tumor appeared to be 

antigenically different from other tumors, despite the fact 

that they are induced in the same animals or in mic.e of the 

same genotype (KJ.ein and Klein, 1962; Old et al, 1962). Hot-rever ~ 

Prehn (1963) hns pointed. out two pairs of tu!rlors whteh showed 

cross reaction. namel~r, anlr.ials immunized with one tumor of 

the pair produced resistance against itself as well e,s against 

the other turEor. The ·spacj_fici ty of the immune reactions of 

this type has been questioned, since it has been deD:onst:r.ated 

that treatment of mice w!th tumor or normal tissues sometimes 

i.nduc.es a nonspecifi.c stimula.tion of the prir.iar;y- immune response 

agalnst a subsequent antigenic tumor challenge (Klein and Klein, 

1962). This nonspecific effect, in contrast to a tumor specific 

stimulation~ could be eliminated by a low dose of x ... j .. rradia.tion 

(350-400 rads) of' the treated animals, 24 hours prior to tumor 

challenge. This technique has also been used to detect minimal 

resistance to chem:tcnlly initced tumors (Klein et ~il_, 1960 i 

C• • H · ., 964 .,.... ld i f- ] .. 9f-..7 )i::> Jogren, ..L . ·; r:::.a w.. n ~.... a .:. , J. -.) • a • 

l·~C-induced tum.ors, as the prototype; of' cher1rl~}ally lri.duced 

neoplasms s have been tnvestigated ext ens ti.rely, sj~nce these 

tumors possess relatively strong tumor-specific antigens. Tumors 

induced by other ca.rc:tnogens have e.lso been tested in sl.mil8:.r 

experiments. For example,. tumors induced by J, 4 benzpJTene 

http:i.nduc.es
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(Prehn, 1960) and aminoazo dye (Baldwin ~ al, 1967a, 1967b, 

1969). 

With knowledge concerning the principles controlling the 

identification and response of tumor specific antigens of 

transplantation type in animals, it is always exciting and 

important to develop a technique of establishing a state of 

active immunity in syngeneic host animals. In addition to the 

application of conventional tumor immunizing techniques as 

previously described, immunization to certain tumors also 

has been achieved with tumor cells treated with garlic extract 

(Fujiwara and Natata, 1967), iodoacetate (Apffel ~ ~' 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 treated tumor cells seemed to obtain attenuated cells 

which retained or enhanced their tumor antigenicity. 
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Baclrgrp@.lt-9,..LJlle presen! stud:y: 

It 1s believed that a barrier of sialomuci11 layers -111 

the zona pellucida of blastocyst and 1n the placenta prevent 

the mother's recognition of the conoeptus as non-self 

(Billingham, 1964; Billingron, 1967; Bagshawe, 1967; James, 

1969). A similar barrier which prevents recognition and 

rejection of the conceptus (alloantigens) also exists on the 

cell surfaces of me.lignant tumors on which TSTA's a.re thought 

to be masked (Currie and Bagshawe, 1967). Tetraploidy of the 

conceptuses has been shown to be lethal and the eoncep-tuses 

regularly aborted in mouse (Beatty, 1957) and in man (Carr, 

1970). It seems possible that these conceptuses with higher 

ploidy of chromosomes were rejected by the mother and aborted 

on an immunological bs.sl s, as these cop.ceptuses ha·Q'"e not been 

found to develop to term.· An attempt was made to eva.luate 

the response of the body to the tetraploid cells by using 

MC-induced tumor and its syngeneic host (mouse). 

In this connection, colchicine was used to induce tetra

ploid tumor cells in early experiments, but it was not regularly 

successful. Fusion activity 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 infeotivity 

mailto:Baclrgrp@.lt-9
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without affecting the property of cell fusion, since mouse 

cells are permissive to Sendai virus infection (Yerganian 

a1'1cl Nell, 1966). The subject of main concern ln this thesis 

is a technique involving the injection of multinucleate ce11s 

fused by treatment wlth Sendai virus. Active immunity was 

established using multinucleate MC tmnor cells 1.n A/Jax. mice. 

The degree of iLlmu:nogenlclty in this system was tested and. 

compared with that induced by neuraminidase treated or gamma. 

(Y) irradiated tumor cells. Moreover, immm1e state of the 

immunized animals were fu:cther assessed by dslayed. hype:csensj_ ti·v-1 ty 

test and adoptive transfer of anti-tumor lmmr;.nj.ty 1·:l th lym.p11o1d 

cells from immunized animals, ....c\.n attempt was also m9.de to 

relate in vi t~:Q information wi.th and without presenee of PHA 

to in. .Y1..YQ. immur10proli ferati v-e response of lymphoid cells in 

imrrnJ.nized hosts using trl tiated thymidine incorporatlon assay. 

http:lmmr;.nj.ty
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The fi::cst tumor, designated as i·IC, was obtzdned fro2:i 

Dr. R.C. Buck, Unive1'sity of Weste~n Onte.rlo, Lon.don, Ontario. 

IJ1his turnor was lnd.uced. by subcutaneous :tnjection of 3-rn8thyl

cholanthrene* in a strain A/Jax male mouse in 1961. Since then 

it has been carried 5.n its indiginous hosts by intr2dnuscul8.r 

1injection of a cell suspension. rhe NC tumor wa.s histologlcally 

characterized as a sarcoma. 

The second tuner, designated as SP_ was used in some 

experiments as a control" This tumor arose s1x:inta11eously on 

the neck of an A/Jax male mouse whi.ch was immune to I·JC tumor 

at the time of occ.u:rrence. The histologicaJ.. features of the 

as it appeared that some areas of spindle shaped cells were 

present in bundles and a pseudoo.cin.a~ :pattern wa.s shoim in some 

other areas. Encapsulation of the tumor was noted macro

scopically and microscopically. 

* The nomenclature of methylcholanthre~1e has been 
changed from 20-·methyl- to 3-methyl-chole.ntln:·ene in Etceox·de,nee 
with IUPAC nomenclature rule (A-23.1). 1rhe numbering and. 
structure orientation of cholanthrene are given below: 

Ngmenclatur ~ of O!'o:.!-:\D 1. c:-~.9_h e21~J~ try,
(1957) ButterHorths Scicntjfic 
Publications, London, ~lgland. 
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Both MC and SP tumors were transplantable in A/Jax 

mice, either male or female. The A/Jax mice were obtalned only 

from the Jaoltson Memorial Laboratory, Bar Harbor, Maine. The 

diet consisted of Purine Chow Breeder Pellets, For use in the 

experiments, the mice were randomly distributed in polyethene 

cages in groups of five. To avo1,d any immune reactions 

associated with sex determined a1i.tigens, only male ni1oe were 

used throughout the experiments as both tumors were originally 

derived from males. 

Tumors were removed aseptically from the mice killed by 

cervlc~l dislocation. Single cell suspensions were prepared by 

tea.sing the tissue gently in a Petri dish containing Ha.nlrs' 

Balanced Salt Solution (HBSS) (Difeo 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 dispersed. The 

suspension was processed, counted and diluted to a desired 

cell concentre~tion. One to 6 million tumor cells were injected 

about every two weeks into 2 to 3 virgin ma.le mice for main

taining the tumor lines. 

II. ~1stolog1~al Techniques 

Pieces of tissue were fixed overnight in 10% neutral 

buffered formalin or David.son's fixative (formalin, 20 parts; 

95% ethanol, 35 partss glacial acetic acid, 10 parts; e.nd 

distilled water, 35 parts). After fixation was complete, the 
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tissues were then embedded, s·ectioned and stai11ed with 

hematoxylin and eosin in a routine manner carried out 111 this 

laboratory. 

III. Electron Nioroso~ 

1. Reage11..l!§. 

(a) !'l!2!!12hate Buffers Solution A=?.1 gm. NaHP04 in 

500 ml. distilled water. Solution B=6.8 gm. KH2P04 in 500 ml. 

distilled water. Before use, 7 parts of solution A were mixed 

with 3 parts of solution B to give a solution of 0.1 M, pH 7.2. 

(b) Ve:rona.1 .Buffers 1. 5 gm. of sodium veronal 

(barbital) and 1.0 gmo of sodium acetate were dissolved in 

50 ml. distilled water. 

(c) Osmio Acids 2% buffered osmic acid (British Drug 

Houses I,td., Poole, England) was ma.de by adding JO ml. distilled 

water, 10 ml. of 0.1 N HCl with 1 gm. 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} Glutaraldehy~s 3.5% glutaraldehyde solution was 

prepared by mixing 7 ml. of 25% glutsraldehyde (E~stman Organic 

Chemicals, Rochester, New York) with 43 ml. of phosphate buffer. 

(e) ~Rons Solution A was prepared by mixing 62 ml. of 

Epon 812 (Shell Chemical Company, New York) and 100 ml. of 

Dodecenyl succi111c anhydride (DDSA) (E.V. Roberts and Associates 

Inc., Cuver, California). Solution B was made by mixing 

100 ml. of Epon 812 emcl 89 tdl. of nadic methyl anhydride (NW~) 
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(E.V. Roberts and Associates Inc.). Prior to embedding, 

solution A, solution B and accelerator, 2,4,6-tri-di-methyl 

phenol (DMP) were mixed in the proportions 49%: 49%1 2%. 

(f) u1~l}_nYl Acet~s 6% uranyl acetate (British Drug 

Houses Ltd., Poole, England) we.s made up in absolute methanol. 

The solution was cooled and filtered through Whatman No. 1 

filter paper before use. 

(g) Lead c+trate1 0.35% lead citrate uas prepared 

by adding 0.1 ml. of !ON NaOH and 0.35 gm. of lead citrate to 

100 ml. of distilled water. 

2. Fi;~-·~J,on, em_bedd1_ng, sect,1.oning an~e~!pat'-~11 

Th1n tumor fragments were rinsed with cold HBSS, 

then prefixed in ).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 was continued for 40 to 60 

minutes. The specimens were then.dehydrated in 10%, 95% and 

absolute ethanol for 15 minutes each in an iee 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 6ooc for 24 hours. 

Follouing trimming, the blocks were out with a Reichert 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 Company, 

Shcnectady, Neu Yorlt) and sta1.ned 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 ·uith 0.35% lead citrate for 10 seconds and rinsed in 

two changes of water. The above mentioned staining and rinsing 

processes were performed by placing the section stde of the 

grids down on a drop of stain or solution which was previously 

dropped in the flat surface of a dental wax plate. Observations 

and electron micrographs of sections were made in a Philips EM 

300 with a. 60-Kv beam or a. RCA 3H with 50...Kv beam electror1 

microscope. 

IV. ill:...ffu§i.£n Chf![uber. Culture T,~ch.YlJaue aug_Chr,S?l}lOSo~ 

Preparation 

1. Diffusion Chamber Culture Technigue 

All cultures for chromosome preparations were made 

from short term cultures in vivo by a modif1cat1on of the 

diffusion chamber technique of Gilman and Ba.srur (1968). A 
6cell suspension containing approximately 1•3 x 10 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 previously been sealed with membrane. 

The open side was then sealed by membrane with MF cement in the 

assembly tool (Millipore Ltd., Montreal). The complete 

chambers were su.bmerged in prewarmed HBSS until implanted by 

surgical technique ir1to the peritoneal cavity of each recipient 

mouse and the animals were kept in cages for J-4 days. 

2. Chromqsom~ Preparations 
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( 1 ) R~f!F~!t~§~ 

(a.) QQJ.cJlt,.cS.lllL.§.9J.J.l..!1SID.• The stock solution was 

prepared from colchiclne pol:rder, C22H25!W6 (all\:o.loid, U.S.P., 

Fisher So1ent1f1o Co., Mew Yorlr) to 1 IDgm. per mle 1n distilled. 

water an.d stored. at 4°c for no longer thsn two months before 

use. 

(b) !I~Q~Qnl.~1,tJ.~..i012r Sodltm cit1~ate was used 

to sm::ll the cells prior to fix~t1,or1.e Both for embryonic cells 

and tumor cells, 0.9% sodium cit~rate ln distilled uater was used. 

( c) ~~~t~:~s The he.:.rvosts~l cells were fixE~Cl w1th 

acetic alcohol, freshly prepared by mi:~tr1g 011e volume of glacial 

acetic acid w1th three volumes C:Jf e'bsolutt? ethanol. Subsequently, 

45% acetio acid. l7$8 userl t';o rit1se t.he ace'i:;j.c alcohol from the 

fixed cells prior to sta1n111g. 

(d) ~bol~£:)W:t~11_§_ip,~!!t Staining solu·tio11 was 

prepared by mixing 4·5 ml11 stock solnti011 B with 6 ml~ glacial 

acetic acid and 6 ml. 37% formalclehyde~ St;oc.k solution B l:.-e.s 

made up by 1O ml, stock solution A (Ba.Die fuc.hs1n ( CI\'...,la 1 

Coleman e,nd Bell) , 30 gmi '70% ethanol, 100 ml} ~..nd 90 ml~ 5% 

phenoJ... d1Stllled water~ rfhe S01ut;ion WtiS CN)led an(l filtered 

through Whatma.11 No. 1 filter paper before use~. 

( 2 ) TeSJ:Q:li9..!-10s 

the l"ecipient animals lJere lnjEH1tcd int:re.porii.oneal1y 'Hi th 

eolchtcine nt the rate of 1 garm:na pe1• 1 gm.. of bod.jt 'm:,}ight: · 

a.pprox1:m.ately three hcurs br;fore ch~.m.ber remcvc;i,1. . Ca.re ua.s 

taken not to puncture the ch~nnbers r-:it :tnject1'1n.. .After the 

http:Whatma.11
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chamber wo.s removed from the animal, membrane from one side of 

the chambe~ was cut open and cell suspension ·was transferred 
i 

into a centrifuge tube. To ensure that most cells were removed, 

the inside ! of the chamber was then flushed with HBSS a.nd the 

suspe11.sion !was pooled. 

The subsequent procedure of chromosome preps,ration was a 

modification of the technique for leucocytes described by Carr and 

Walker (19~1). HBSS was removed by centrifugation at 1,000 rpm 

in a clinical centrifuge for 10 minutes. The cells in the tube 

were treateKI. with prewarmed (37°c) 0.9% sodium citrate for 10 

minutes at 37°c. After centrifugation and removal of the super

natant hypotonic solution, the pellet of cells was fixed with 

chilled fresh acetic alcohol for 10 minutes and rinsed with 45% 

acetic acid in water. A small amount of 45% acetic acid was left 

in the tube making a moderately dense suspension. One or two drops 

of oell suspension were. placed 1~ a precleaned microscope slide 

(25 x 75 mm) and covered with a silicon1zed coverslip. The 

slide, prot¢cted by two layers of bibulous paper, was pressed 

for e..bout 1Q seconds with a 2. 5 Kg. copper rod which was held 

vertically 1n loosely fitting clamps. The slide was placed, 

coverslip down, on a block of dry ice for 4 to 5 minutes, and 

the coversl~p was removed quickly with a razor blade, The 

slide ·was 1rqmed1ately plunged into absolute ethanol for a few 

seconds and iair dried. The slides were stained in carbol 

fuchstn for 17 minutes and subsequently dipped into each of a 

series of grladed ethanols and xylene for 5 to 10 seco11ds each. 

The preparat~ons were finally mounted in DePeX (G.T. Gurr Ltd., 
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Lomlon, ~ngland) with precleaned coverslips. 

1 • .Source of Sencla1 Virus 
~~ . ~~.~ 

Seed virus was obtaj_ned from Dre F, P. Nagler, 

Laboratory of Hygienes; Department of National Health and 

Welfare, Ottawa., a.11d also from Dr. Hf, Harris, University of 

Oxford, London 9 Englendc These were stored at -76°c. 

The reconst.1 t~ute;d seed virus was pa.ssaged at a. 

dilution of 1110,000 in 10-11 day-old~fert111zed hen eggs by 

a.llant.oic route. Virus dilutions were made in sterile 

physiologi!cal saline. For inoculation into the alls.ntoic 

cavity, Ool~ml111 of virus inoculum whtc.h gav-e a.bout t to 10 FL:'\U 

(Hemagglut:ination uni ts, see below)~ was inject.ed through a 

small hole! pu.ncturad previously 1n the egg shell. The site of 

inj ect1on \'ms clete.rmined by cawiling the eggs in the dark a.nd 

marking the upper margins of the air sac i.n the area. oppo.si. te 

the side of the embryo After swabbing W~Qtl) 95;;; ethanol, a 1. 5a 

inch 22 gauge needle on a 1 ml. syringe wa.s dj.rectecl through 

the shell and down to the allantoic caYity for a.bout 0.5 incho 

The hole of the lnocu.1a.t1.0Y1 s1 te on the egg shell was sealed 

wi. th hot W$.X and the eggs were il1.cubatec1. for 60....68 hmxt"S at 37oc 

111 a humidified incub!ltor. Afte:- 1nc:rtbat1o:n, t-twy wera placed 

at 4°c ovetnlght or untll fully chlllecl. The allantoie fluic3

was collected by c~utting &.way th(:; shell mrer the e.ir sac, 

http:inject.ed
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Ser:h-1-1 two-fold dj.lu:t.J.. ons of h.s.r\.1·0stoc1 virus were 

prepared 1111 O. 5 ml. -vo1mnr~s of physiological sali:.ne ln 85 mm. 

X 10 Infilo ~1tr.t~,ti011 tubes J) 
1ro eE:Ch tu.be We~S ac1dcct 0 • 5 ml, Of 

0. 5% (packed voluD1t::) suspensi Oi.1 of w.:.\Shecl chicken red blood 

cells (HBb). 'llubes we:ee ~hak~n and stood. in e. perpend~.cular 
I 

posttion ~-t room temperature for t:«ro hours. In this proccd.uro 

the presence or absence of hemagglu.tlnation wa.8 indicat.ed by 

the distribution of chicken RBC as they settled to the bottom 

of the tu.Tues. Agglutinated cells 1·re:r.e seen more of less ev0nly 

distrlbut<id in a thin layer over the entire bottom of the tube, 

In the ab~ence of agglutinatlo11., cells wer<~ seen only in the 

center of \the bottom in the form of a compa.ct :~button'' o 
! 

Partial a~gli tination was 1ndlca.ted by 1nte:rmediate types of 

~~tterns, 'f•he hema.gglutirw.tion (HA) titer was t:a.kcn as the 

highest; di\J.utiori of virus prior t.o addt·t)..:on of chj.cken RBC 

suspt.:-;:ns1on. whic~h produced complete agglu.cinr~-t'i.on of' the HBC. 

l~. ~1t:~~~~1r!!~ill- L,tgllt~_(Q.Y.LI n,.§_~~L~~~tl.9.J:.L_9..Ll~~!~~~:tl VJ;1:~g!_ 

1'hree ml" of Yirus ln a 6 cm, die.meter Pet:ri dish 

was plz.c.t'.~:clj 15 cm~ . from a Gener:;;.l Electric typE~ G 8T 5z UV tu'be 

rmd expose{! fo~: 10 :minutes "1:rtth aglt.n.tto:r1 at ev.::.i.·y 2 m:t:r1ut3 
I 

intervals'°\ rf.'he J.nter.1.si ty· of ;;~adlEtf;tor:1 1·ne:tc1_1:si1l; on the sv.:rfc.ee 

feet, 

http:t:~~~~1r!!~ill-L,tgllt~_(Q.Y.LI
http:agglu.cinr~-t'i.on
http:compa.ct
http:indicat.ed
http:sali:.ne
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Single tumtn" cell::1 1;rnre fused by a teclmiqm.~ e~;sentia1-

Px·ior to cell fusion, 

d1scoc1ation of tumor cells Wt~S obtained by forcing the tu.mor 

fragmenta in a:nd ou.t or a syr1!1ge ~.:r1 thout a ne:edle and fine.lly 

pressing through a 23 guage needle@ A small quant1 ty of hl3SS 

was used. to facil.1 tate thi.s operati.on. Clumped cells were 

alloned. to settle· in ll tubo for 1 to 2 ml:nutes ai:-1d the supernatar1t., 

which na.s ·virtually a suspension of single cells, was removed 

to another tube, This step was essen.tla~. to obtain cell pre

parat1011: sui tal;lle for. cell fusion. Cells, suspende·d in 10 to 

15 mle of HBSS, were centrifuged at 1000 rpm for.10 minutes. 

i.n -a clinical centr1fnge a1id resuspended- 111 HBSS. Aliquots of 

the cell suspension l·rcre removed and tested for cell V'iaOfllty 

by trypr;.,n blue dye exclusion41 Viability was expressed a.s the 

percentage ratio of unstainecl cells to total cells counted. 

Cell suspensions with over 80% viability were used for fusion •. 

One to 2 million cells were resuspended. in. 1 ml. UV 1na 1~t1yatt:1d 

Sendai virus containing approximately 2500 RAU•. The mixture 

wart alloi>J~ed to. stand ,.n an 1-ce bath wlth frequent agi tat.ion 

for three changes of virus suspension; each change ron~ained in 

the cold for s.bout 15 minutes. At the end of th(~ perlod, 'the 

exness v:i.rus in the cell suspension uas washed off with pre-

Island Biological Company, Gx·nmS. Islt;rnd~ N'.ow Yorlt}.. ThB ·c.ell.n 



with occasional agi tat~.on. It was found that the ooncentraion 

of fused cells could be increased by the use of discontinuous 

F1coll gra.die~nts. F:tcoll solutions were prepared as follo·ws, 

100 ml. PBS without ca++ and Mg++ in a 500 ml. beaker were 

prewarmed·1n a 560-690 water bath. 100 gm. Fiooll was added to 

the solution.and mixed by stirring until it turned toe.. "marsh

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, were prepared by a hydrometer at room 

temperature. PBS without ca++.and Mg++ was used as diluents 

throughout. 

Solutions were sterilized by pa.stem·iza.tion. Solutions 

were kept at 1-1-oc, but elm1ys warmed to room temperature before 

use. 

Each gradient solution in amount of 0.5-1 mlo was put 

into 10 ml. tubes used in SW .39 or SU 50 rotors, by holdir:ag. the 

tip of the pipette age.inst the s1c1e of the tube and allowing 

the solution to flow slowly. The most dense solution was first 

introduced into the tube, and others follo~red in high to low 

density taking care to avoid bubbles. The ·Cell suspension 

(0.5-1 ml.) were care!fully overla.yered without mixing at the 

1nterphase. The tube~s were centrifuged for 15 minutes at 2000. 

rpm. in Spinoo Model L2. 
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Aft.er cent~clfngat.ioYl, two major vlsible bands in the 

tube were observE;d.: the upper ba.ncl and the lower band which 

a:oneared much mo:re d:lcffuse and wj_;.del"---tha.n. t.he -former one. . - 
The upper band conte.ined_ malnly single mononucleate cells while o 

'the lower orJ.e was p~cedomlnant:.ly of mul tinucleate fused. cells. 

Fractions were lnitlally collected by puncturing the centrifu.ge 

tube with a Buchler drop collecttng unit (Buehler Instruments, 

Fort Lee, N .c.T.) e HN:-ever, the rate of dropping ;·ras slowed 

down and eventually_ stopped as the band of· the fused cells was 

approachlng to the bottom. In addition, some trac.e of cells 

was dragged along the wall of· tube .when the lmu;r band was 

descending, although tho tube hsid been slliconj. i'.':':ed before use. 

Because of these technical cUfficu1t1.es, the layers 

were removed from the lower band- '-then· -the upper· band; us·:'.i.ng --

a 4 inch canula fitted to a~ ml. disposable·syringe or using 

a pipette w1th fine and. and neek., rrhe bands we:ct:~ suffj_ciently 

far ipart, but it was not possible to remove the band without 

contamination with cells of the adjacent band~ 

http:us�:'.i.ng
http:cUfficu1t1.es
http:centrifu.ge
http:p~cedomlnant:.ly
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Each immunizing dose of fused ceJ.ls wr).S estimated on 

the basis of total nuIG.ber of nuclei instead of the :number of 

cells. A million nuclei of fused cells was used. for the dose 

of tumor irnnunization. The concentration of fused cells was 

determined by subtracting the number of single cells obtained 

before fusion. The lnoculum of estimated dose was concentratfS:d. 

into O, 2 ml. for lnjiecti on. 

Active immun:ization of A/Jax male mice was accon;.plished 

by intrB.musculo.r injection of the prepareci immunlzing d.ose of 

one million nuclei. One to tl:u·ee injections were given into a 

hind leg each time, left and right alternatively, of each mouse 

at 10. day lntervals •. 

Tumor challenge· in the treated and unt1~eated control 

mlce were performed 10-12 days after the last immunization by 

intramuscular injectj_on of 0.1 ml. tumor suspension conta.ini.ng 

l x io5 viable cells. Subsequent challenges "t'lere carried out 

a.t ·15 day intervals. 

In addl tion t.o itrn.unizing mice ·with Sendai virus-fused 

cells, two other tech:r'liques were used for comparison" These 

in7olved the use of nouramln~.dase treated tumor cells .or eel.ls 

which hacl reeeived. 'i-irraa.ifation. 

_ In the experiments using neurG.filinidase-, the en~yme 

preparations were obtained fro~ two sources, The first one 

was prepared from ~~llgs~!:::I.J2j.uni Qf:.IJ);};;.,'QS..C.:..~l?.. ( '1NEU:FH1 , lot ?LA,. 

http:conta.ini.ng


Jl 


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

form with activity of 0.5 units per milligram. Before use, it 

was made into suspension with O.l 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 calcium i~ns and had a 

quoted activity of 500 units/ml. (Behrinwerke, Batch /f966E, 

Hoechest Pharmaceutical Co., Kansas, Mo.) 

After washing twice in HBSS, 10-15 x 106 M~ tumor cells 

were incubated in 1.0 ml. of either a~etate buffer, pH 5.5 in 

undiluted 500 units/ml. neuraminidase, or in neuraminidase 

previously heated to 6o0 c for JO minutes. The. tumor cells 

were incubated at 37°c for 4_-5 minutes.with periodic shaking 

and then washed 
"' 

again J times 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 challenging were 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 rads in an open 

petri dish employing a 2000 Curie Cs l37 source. The dose of 

irradiation used was according to Revesz (1960) who suggested that 

immunization with tumor suspensions irradiated with 14,000 to. 

20,000 rads.is very effective against tumor induced by chemical 

carcinogens. 
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VIII. 	Dolay~_g Hu~~..™J..t!Yl.tl-~i 
Tumor cells (or other rnaterials to be testecl) ¥rerc 

injected 1ntraderm4lly into the hind foot i:~{,ds of. tumor 

immunized mice, tumor bearing mice, or norrea.l control mlco, 

using a tuberculin syri:nge and. 27-ga.ugi?. need.le to d.eliver 

o. 02 ml. Specific HC tumor oeJ.1 su~spenslon or exta·stct. was 

injected into the left foot, and other materials (e.g... non-

s,pec1flc tumor, SP, or physiological se.lino) was lnjectecl 

into the right foot for di.rect comparlson., The -foot thtck

ness was mefJ..$Urecl befox·e injectiorJ., o.ncl 24 n11d 1,:,8 hotrc~~ after 

inj eo'cion, ui th a._ d.ir~l gauge ( nQui clrnrH;. u caliper, Tyr~c A. 02.A, 
. .. 

H.,C. Kropl1n GmbH, Hessen, Germany). The foot-pad rezi(}tlons 

of sonw representati\1e mice were examined rn1oroscop1cnl.ly, 

after the f~ot was amputated a:n.d pr·ocessesserl with flxing, 

dec~~lcifing, sectioning and staining in hematoxyl1n-arnL eosin. 

IX. 	Adoptive ~ra_uf:f~~-of +~ 

Spleens and regional lymph nodes were obtained aseptictl~ 

and lymph nodes were pooled from 5 to 10 mice each time- The 

resulting suspens1011s were washed twice 1n HBSS and counted. 

in hemocytom(.~ter (with 10% acetic e.ctd in. water), All suspensions 

from different groups Cle~onst~a. ted greater than 90% V18.b111 ty. 

D1sscc1ated cells of NC tum.or, sple12n l.ind lymph node \':erc1 mad(~ 

-a.ccording to tha. t dcscribed e.arlier for -the tumor cel1B :rhet 

http:rn1oroscop1cnl.ly
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1.lJlli.)_: Ten fold dj.lution of the medium (Grtmd 

Islancl B1olog1cal Company t G:t:·smd Island, Now York) wa.s prepared 

from the stock solution in sterile de1on1zec·t distilled water. 

from norme,l adult rabbi ts in a ste,r1dv~rd prooe~ure '· and stored 

at -20°c. The serum lr~is heated. to 59°c for JO. minutes and 

added to medium to a final concentration of ?%0 
(c) f!11~~es L·...glutamine (200 mM) solut1011 

(Grand Island Biological Company) was added to the medium to 

a final concentration of 1%. 
.. . - . 

(<'-.) §""q,9.J.ufil..lll.s-~L9J~te §.,qJ.11tio.n.t This was 

prepared e.s a 7. 5% solution of sodium bica.rbcmate in. distilled 

water and we~s ster111~!ed by rnill1pore filtration. The solution 

was o.dded to medium tc n final ccnc0:ntration of 2%. 

sodium and streptor:.iyci:n sulfate. (General Biochemical Company, 

Chargri.n Falls, Ohio) were used. Stock solutions ~m:1taining 

pen1o1111n at 2 x 103 IU/ml~, and streptomycin at 1.~ x 103 J..lg/ 

by millipore filtration a..11cl stored at -20°c until use. Each 

antibtotic solution 1:ms added to cu.lt1.:..1"0 £1edlu.m at the corH;:.cntra

t1on of 1 ml. pe!' 100 mlo of' mediu1a~ 
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(f) ~~£_£'1~~11J.irt,Jj~JV~J:::J?.: PHA-p (Difoo 


Laboratories 11 Detroit, Mich1gl'.Yl) was added. to the culture 


medium at dilution of 1125 and 1;250 from the stook to give 


an optimal nnd suboptirnal stimulating Close:; respect!vely, 


for mouse lymphocytes (Dent, 1969). 


(2) §I?ltlfm ~l_'J111tu~~ 

Cells were obtained by removing the spleens 

from mice under sterile conditions,. rrhe spleen. w2.d:: m~\.nccd -;·rith 

a se1sso1'"s and gently dispersed. using a. loosely fH;tlng pestle 

1.n a !;otter Elvehjgern horoogentzer. The cell su.spens~.cm w.as 


then dratm through a 25 gaug® needle to produce a suspt::ns1011. 


of single ·cells. The lymphoid cells w.:n:-e counted. a.nd di luted 


·'with ·cultu..17e medium to a final concentrn.tion of apprextmately 

1 X 1.06 ·eells per mlc Faoh tube~ contained 2 mi·. of cell suspen

sion. Triplicate tubes were ma.de for each groupe 

2 • ~u~µclg:1!L!ci£!_1DN.t1l_,....~YJI~h~ SJ.!L.EL'.!'~lliia!,.~!il 


ibYJ!l1dine_ (2!,I,:rg~_LJ,n,g.01:1~11Q!l 


(1) Reas..~ 

(a) ~z.rJtt.~~h.~rn1l9.1!1~1 JH'l16.r (New England 

Nuclear Corporation, Boston 1 Mass,) _hadn (~pec1r;.o~~tY of 6.7 c/mM 

1n ater11e deionized distilled waterc 

(b) Scintlll~ttgp_FJ.J!Jds '1~he solut1~on tm.s prepared 

by a.ddi11g 20 gm.- of pcrmablendTH (Packard Instrument Compn.ny !I 

Inc., Do'.i1r1er G·rovc, Illinois) to l} 11ters of toluene, 
":I 

( 2) §.91.!1llllat\o:q..J:g~nti.:l1£-i• Th(~ incorporation of --"ntd:r 

-by the cells in cultu.:r.,e. ·wfas estiri.:.atecl. B$ follolJS: The spleen 

http:Compn.ny
http:su.spens~.cm
http:Mich1gl'.Yl
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cell cultures were 1.ncubated at J?°C in a humidified atmos

phere of 5% C02 1,n air for 43 hours. Two 1~10 of tr1 tiated 

DNA precursor was ad.ded to each 2 ml. culture in tubes at a 

volume of o. 2 ml. and incubated for a11other 5 hours. For ter

mination, 0.15 ml. cold thymidine (J mg/ml) and 5 ml. normal 

physiological saline were added to each culture tube. The 

preparations were then centrifuged and the supernatants 

discarded. The cell pellets were kept frozen at -20°c for at 

least 1 hour and digested twice with 5 ml. 10% cold trichlor

aoetic acid (TCA) followed by one extraction with 5 ml. 80% 

cold ethanol. F111ally, the deposited cells were dissolved in 

0.5 ml. Nuclear Chicago Solubilizer (NCS) (Nuclear Chica.go 

Corporation, Des Plaines, Illinois,) e.nd the-solution was trans

ferred to screwtop via.ls. The content of tritium 1·ras estimated 

in a Paclrard Model JJ10 liquid scintillation spectrometer 

using 10 ml. of scintillation fluid. The amount of quenching 

was assessed for each sample by means 9f an external .standard. 

The results uere calculated as counts per minutes per culture, 

XI. '.r,1 trat1on_.QLJAJ1t1-=.,Vgmo:t_.IIBglutin1ns 

Blood from tt1mor 1mm\U1e mice and normal virgin mice of 

comparable age was collected separately from the retro-orbital 

sinus by means of a sterile Pasteur pipette previously 

heparinized. The blood l'TaS emptied into test tubes, allowed 

to clot, then centrifuged to obtain the serum, Serum was 

stored a.t -20°c. 

http:Chica.go
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Tumor oells were ·washed J t:o 4 times with a. large 

volume of PBS, u.s111g low speed· centrifugation ( 1~50 rpra) between 

wo.shesj and. counted. wi t.h o. he1~t.:)cytcmeter. For tube. agglutina
. 6

tion, 0.25 ml.1 of tumor cell suspension conta1nlng 5 x 10 

cells/ml. was added. to a..n eqth::tl volume of each serial 2 fold 

dilution of serum.. After being left und.isturbed for 2 hours 

at room temperature, the tubes we_re gently tapped and. the 

degree of agglt.1t1n9.t1on was exo..m1ncd with a, ?x rr..2.\£f.n.1 fying 

lens. For slide agglu~1mit1on, 2 drops of serum dilution and 

2 drops of' tumor cell sucpens1on contah1ing 5 x 107 cells/mL1 

were mi.xcd. wl t_hln a circle markr~d w1th a ·wr-:~,x pen.ell o:n a 

microscope slide. The sli,1e was gently rockE:Kl for 15 seconds, 

then lt?ft undi.ctu.-rbed f'or J minutes and lras roclrnd ne;ai.n 

brie_fly; a striking c~J1i.mplJ1g would appear iu :positive tests. 

whereas in a negat~."lc test the cells ·would f'orm a uniform 

suspension, All ce~ll and serum dilutions liere mo.de in PBS. 

XI I • l!tC!..+.Ieot Imfil.l!tlltf1uo~~.n!..l1!1_t.t£>oc!J>:~~!~lSl~,Q. 

The inclire·ct fluorescent e.tr'cibody test ·was pcrfo::r.~med 

on tumor frozen soctions essentially described by M81ler 

(1961) for the demonstration of mouse isoe.ntigense '1.'umor 

or 11ver tissues were removed. from the ani.rAflls, and ·w9~shed 

1n PBS, The frozen~ sections of 5...6 fl in thickness lrere me~G.e 

in Tissue-'I'ek M1crotome-Cryste..t (A1'.iies Comp;:;iny, g1kart, Ind.i:ana} 

and mounted 011 the pre-albu.r11l.n coated slicles. O~ 2 ml& of 

speoimen of the slide e.nd 1noubated at ::n°c for 20 LJ.inul;es 
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in humidified atmosphere. The slides were washed three times 

1n PBS. Each slide was then flooded with 0.2 ml. of undiluted 

fluor~scein 1sothiocyanate conjugated mouse 7s gamma-globulin 

(Penta.x Inc., Montreal, P.Q.. ). After being washed~ twice in 

PBS, the slides were coverslipped with one or two drops of the 

solution consisted of glycerine and isotonic phosphate saline 

(pH J.J), 111 (V/V). The slides were stored at o0 c until 

examined withe. Nikon's fluorescence microscope under dark 

ground illumination. 

XIII. ID~ct .,.of A~~um o_x1 Tu~~t..Jlr...owth 

The effect of serum from immunized mice was tested by 

incubating MC tumor cells with the test serum for 40 minutes 

at room temperature before 1nject1on. Undiluted and 115 

dilution sera were used, A million cells were incubated with 

1 ml. pooled immune serum. Serum from normal mice of comparable 

age was used for the control experiment. After incubation 

with serum, a. hundred thousand cells were washed once 1n PBS 

and then injected into each animal. 



RESULTS 


MC tumor was experimen·tally transplanted to the 

lateral side of the hind. legs of. A/J·ax m.ouse by intramuscular 

injection. Fig. 1 illustrates the mice at different stages of 

turner development follO't·1ing injt.:)Ction of ~pp1Qoxim!:ltely 1 x 10
6 

cells. The tumor bes"an as s. small nodule, which was palpable 

as the animals started limp1.ng (Fig, 1.b) o.nd rt~ac~hed maximal 

sizes of ~· to 5 cm. in diameter with irregular shapes (Fig., 1. 

d). As the tumor developed- ulceration of epid.ermis often· 

occurred and hem.orrhng0 nnd nec1..osi s followed$ Tht::se tumors 

sometimes became s9 large that ·they protrudocl from. the thighs 

resulting in degeneration: of the lower pnrt of the affected 

legs. When ulceration of the epiderm~.s di<l occur 3 the tumor 

usually had a. dough.nut-like appearance with a. browalsh ne0rotic 

center (Fig~ 2). 

Light microBoopio observations of th.a. hon~atoxylin 

and eos:l.n stsJ..n-e(l NC tumors showed th-sd; 'the tu.men"' Has el1 

undifferentie~ted. cellule~r fibrosarooma., The sarcom:1s exhibited. 

a m9.SS of packed cells arres1ged in whorl'ed array or bundler; 

running 1n d1.fferon1; d,..rect;lons(Fig. J and 4} 11 7.'hc tum.or was 
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Fj_g, 1.. Tumor growth 01'1 the left legs of A/Jax ma1i; mice 
after gc tum.or transplantation with approxlmately 
1 x 10 cells. a. Cont~ol untreated mouse. 
b. Mouse at 6 days after tumor injection. Tumor 
growth is not visually noticeable; it could be palpable 
by h~nds. c. Mouse at 11 days after tumor injection. 
Growth of tumo~ ls noted on the left leg. d. Mouse 
at 27 days after tmr~or transplantation. Outgrowth 
of a MC tumor and its irregular shape are evident 
on the left leg expanding to left lateral side of 
the body. 

Fig. 2. Exposed MC tumor 
days after tumor 

on the left leg of a mouse at 615 
j_njcct.ion at a dose of 2 X 10-: .. cells. 

Necrotic part (arro\i) of the tumor j_s noted. 
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Fig. 3. 	 Photomicrograph of MC tumor. Hematoxylin and 
eosin stain. x 40. Fibrosarcoma.. There are 
several areas of necrosis in the central 
part. 

Fig. 4. 	 Photomicrograph of MC tumor. Hernatoxylin and 
eos1n stain. x 150. This tumor is composed
of spindle, rotmd, ov<ll and polyhedral shapes 
of cells arranged in sheets, interlacing 
bundles and whorls. 



40 

• • 

0 



'41 


varying in diameter from 10 to 13 microns. The nuclt-31 

appeared pleomorphic, with Yi sib:Le nucleoli. The nuclearI 

cytoplasmic ratio varied from cell to cell. Mitotic figti.res 

were frequently seen; however, the incidence of mitosis 

varied from one area to the other~ All of the tuml.,rs examined 

had a l~ttle collngenous stroma l'.U1d were relat1vely ave.scular" 

Inflammatory cells lrere noted only in area of necrosis (Fig. 3). 

In histological sections, no definite encapsulation of MC 

sarcoma l'1as obser\"ed. Some degree of 1nvasiveness to the 

surround.1ng muscular fibers l;as noted. Sections of spleen, 

lungs, liver, lymph nodes, thymus and kiclney from ·the tumor 

bearing mice £1.t Yarim..1s stages were made a11d examined m1c.ro

soop1ca.lly. No detectable ·meteJstases ·were found. !n these 

organs. 

J. 	Ele~!:_o.n I•It9.!:..Q!LC..Q,J?}.&_~.r~n 

The ultra.structures of' the HC tumor were eXG!mined 

in several passages in the course of the 1nvest1ge.tj.on, Cells 

were of elongated shapes, their cell periphery belng irregt~J.aj:e 

with few m1crovilli-like projections (Fi.gs •. 5 and 6). The mo_de 

of contact between tumor cells varied ·1~esultin5 in in.tGrcelluler 

spaces of varylng size-. The tu.mor was made up of densely· ~eked 

cells wi. th 11ttle intervening extracellular ma.teri.a.ls. Colla gen 

f1br1.ls were :J.nfrequently seen (Fig. 7) •. The overe.11 e..:ppe?~ran·ce 

of the tumors sugge.:;ted that they .were composed of' oru~ gene:ral 

cell typa. The ntv;lei of tumor cells were irregular ·in outline \II 

In S(lditi cm to dj. st;ribution of ohrocat1,n along the r~:uclear 

http:overe.11
http:f1br1.ls
http:ma.teri.a.ls
http:1nvest1ge.tj.on
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Electron micrograph of HC tu.r.ior cells. 

Portior.1.s of 4 cells~ Norm:'ll appearance: of cell 

structures. nm, nuclear membrane; chr, chromatin; 

v, vesic.les; ER, endoplasmic rotic.ulum. 

The nuclei {N) ere heterogeneous ~howing areas of 

dense anc.'l diffuse c1u~o1~"Sttin. x36,ooo. 
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Fig~ 60 	 El(~otro11 micro£{.ra.ph of MC tumor shouing an 
area oonte.ining d.egenerl~ttne; cells. 
V, Vacuole; r10, nucleolus; mbll mernbra.11oi1s body& 
MV lP m.1crovllli-11ke project~ton; EH, endoplasmic 
rat:irm.lum, 
The nuclei (N) are heterogeneous showing areas of 
dense chromatino x7,500. 

http:micro�{.ra.ph
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merubrane, there was some. chromatin irregularly dic1t:el:buted in 

clusters ln the nucleus (Figs, 5 and 6). The size and locali

zation of nucleoli wi th1.n the nuclei va.ried considera,bly, 

Cytoplasm of mo~;;t tumor cells uas cha:rac.terized. l)y 

paucity of rough endoplasmic ret:i.culum. · G-o1g1. a.pp9.ratu.s '-lf&S: 

noted. j_11 the tumor populat~.. or:i.. Mi tochor1d:ria were foimd in 

various sizes and shapes. However, mi tochond1"is were rarely 

seen 1n. degenerat111g ·tumor cells( Figs_. 6&8) , wi1ich wol:e 

oharacter1zed by tht~ presence of .n1any various sizes of vesj.cles, 

Vt'.cuoles and some mom.bra.noun bound bod:i.es, Hembrancus boi.md 

bodies (F'igs, 6 and 9) ·were structUE1.lly ccmsiste:nt with those 

identified as microsomes~ 

http:bod:i.es


Figs. 7t 8 & 9. Electron miorogrnphs of MC tumor cells. 

Fig. 7. Portions of two or more neighbouring cells 
with associated colle,gen fibers (large arrow). 
M1crov1111-lilce projections, MV, extending from 
the cell periphery (small arrow) are noted. 
N, nucleus. x15,ooo. 

Fig. 8. Portion of a MC tumor with vacuoles and. 
vesicles scattered in cytoplasm. N, nucleus; 
v, vesicles; m, mitochondria. x1J,OOO. 

Fig. 9. Portior.1. of a MC tumor cell showing 

various cytoplasmic structures. db, dense body; ER, 

endoplasmic reticulum; mvb, multives1cle body; 

m, mi tocho11dria; nm, nuclear membrane, Pn, perinuclear

materials; sm, s'\·1ellon mitochondria. with no 

app3arance of cristae; V, vacuoles v, vesicle. 

x26,ooo. 
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4. Chromosoma~_4nalysis 

Diffusion chambers were used to grow the MC tumor 

cells or mouse embryonic cells in' mouse peritoneal cavity. The 

cells were treated with oolchicine .!.!!. .!1!Q. and harve~ced for 

chromosomal analysis. -The tumors~.. at three different passages 

were studied with respect to their karyolog1cal features. The 

three passages were designated as Px+5• Px+19 , and Px+29 , where 

x represents unknown passage number of tumor transplantation 

!n !!YQ. since 1961, and the numbers, S, 19, and 29 indicate the 

passage numbers since the author._ J,Jtrated working on this tumor. 

The MC tumor cells were characterized by stemline karyotypes of 

4J chromosomes, including always one or infrequently two large 

metacentric marker chromosomes. Fig. 10 shows a ka.ryotype and 

the metapl1ase plate of a cell from embryonic tissue. The cell 

contains i.~o chromosomes or normal· shapes w1thout any observable 

marker chromosome. All meta.phase elements appear to be telo

centrio. Examples of id1ograms and metaphase plates of three 

MC tumor cells are shown in Figs. 11 to 13. Fig. 12 shows a 

pseudo-d1-plo1d cell w1th 40 chromosomes and Fig. 13 a hyper

diploid cell with 43 chromosomes ... Both or the cells include 

one marker chromosome of a similar type. Fig. 13 shows a 

nenr-tetraploid cell containing 86 chromosomes including 2 

metacentric me.rkers. 

The frequency of polyplo1d tumor cells including near 

4n, near Sn, and over 8n (where n··· stands for haploid number; 

in mouse, n=20) in Px+S' Px+l9, and Px+29 is 13.16%, ~heroas 

the frequency of near-diploid cells is 86.84% (Table I). Among 



(~1) 

Fig. 10" · Metaphase spr,~ad nnd karyotype of .a -cell. from 
diffusion chamber .!...n. :~~Q. culture of embryonic,_ 
cells of A/Jax mouscli Co.rbol fuchsi11 stntn. 
The cell contains 40 telocentrio chromosomes. 

Fig. 11. 	Hetaphase spreac~ and k&\ryotype of a coll from 
diffusion chamber in V'lvo culture of MC tumor 
cells of A/Ja.z mouse. -Caxbol fuchsin stain. 
There are ~'3 chJ.:•omos_Qmes inc.luding one meta.
centric raarker chromosome. 
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Plg. 12. 	Metnphase spread and ka1~yotype of a cell from 
diffusion chambe1." in v·tyo cult.ttre of NG tumor 
cells of A/Jax mouse. -Carbol fuchsin stain a 

There are t(o cru~omosomes -incl-uding one mei;a
centrlc DJ.8,rker chromosome. 

Fig. 13. 	Metaphase spread and ka.ryotype of a. cell from 
diffusion che.mber in vivo culture of MC tumor 
oells of A/Jax mouse. --'Cii"bol fuchs:i.n st~'l1n. 
There a.re 86 cru:~omosomes 1nolud:tng two 
morphologically similar motacen·tr1c ms:i.rke:r
chromosomes. 
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Table I. Frequency of various plo1d cells 1n MC tumor 

Transplant %of cells %of polyplo1d cells Total 
Passage number of 
number cells 
in vivo Near 2n Near 4n Near 8n > 8n Total observed 

9.06 0.63 o.oo 9.69 320p x + 5 90.Jla 
(289) (29) (2) (0) (Jl} 

82.58 15.15 2.27 o.oo 17.42 1:32p x + 19 
(109) (20) (J) (0) {23) 

84.21 12.44 2.87 o.48 15.79 209p x + 29 (176) (26) (6) (1) (JJ) 

Total number 
of cells .574 75 11 1 87 661 

% 86.84 11.3; 1.66 0.15 13.16 100 


a. Figure in parenthesis represents number of cells. 

'° 
~ 
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the former, the frequency of near-tetraploid cells was highest 

(11.J5%) 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 constitutions in the tumor cells from 

Px+5 to Px+29 did not change oonsiderablt, though a slight tend

ency of increase towards near-tetraploidy through the serial 

passages is noted. The results of chromosom~l analysis on the 

A/Jax mouse embryonic cells, representing normal mouse cells, 

with the same technique 1 s sho·m1 in Table II. 

5. 	 Tumor ,Dor~ge Experiment f.or Progre-sst_ve Growth of 

MC Tumor 

Since large numbers of tumor cells may 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 MC sar·coma cells which would show visible growth in a moderate 
j 

length of time. To find this range, the threshold dose for 

progressive growth of MC tumor was determined. Male A/Jax mice 

were given intramuscular 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 animals 

with tum.or 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 d1str·ibut1on of embryonic 
cells of A/Jax mice cultured in diffusion 
chambers ~n Y,iV~ 

Chromosome Noll 38 39 40 41 80 Total 

No. of cells 1 2 66 0 3 72 
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Table JlT. Dosage experim0mt fo:r gro~·;th of 

MC sarcoma in male A/(Jax mice 

No. of mice developed tumor 
Dosage _- tis>~ or!l!1<;-8'_1n3.ec!~cl _ 

10 x 106 1/1 (4)*** 


6
5 x 10 f /1 (5) 

1 x 106 1/1 (6) 

5
6 x 10 2/2 ( 7 '. 7) 


4 x 105 2/2 (7, 8) 


2 x 105 1/2-::- {8} 


5
1 x 10 2/2 ( 9 I ,9) 


4
8 x 10 2/2 (8, 9) 

4
6 x 10 2/2 (8, 10) 

44 x 10 2/2 (9, 10) 

4
2 x 10 2/2 (9, 9) 


4

1 x 10 2/2 (10 9 10) 


8 x 103 2/2 (11, 12) 


..... )6 x 103 2/2 (11~ .L.) 


4 x 103 2/2 (12, 13) 


1--)
2 x 103 2/2 (13, .) 


1 x 103 2/2 (14, 1
./
c:) 


? 
8 x 10.... 2/2 { l. 3 t 15) 

,,
6 x 10.G 2/2 (15,. 1.6) 


4 x 10
2 

1.12~-* (16) 


2 x 10.::. 
') 

0/2 


2 

1 x 10 0/2. 


8 x 10 0/2 


6 x 10 0/2 


4 x 10 0/2 


* Or· ·e··-~~-~-·m~ c·-;;-d~; r:~--;;~-:--1~+-;.,~-;;-.;- ~,r::,n,,(')·1-:-mr·R-,-:;--Sr:>-before
1 U!. V&.•t-- '...;,.,,.I'·~ ·-·· _;t . .l ·....t.l,.. 0 V\.~· ..;:-~_~l ~...-4., J.J:.... . .Lt ...; ... ...,. ._,,.J_ ·-· ... 

the palpable tumor de'Y.reloped. 
~-* Threshold 
**~·Figure in parenthesis represents durc:!.tto:n ( 1n days) 

from tumor injection to appearP..nce of palpable tumor. 
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Several conclusions may be deriv-ed -from this e~per1ment,. 

When the palpable tumors were detected in the animals, the 

tumor shows a progressive increase in size until death of the 

hosts. Regression never occurre<l in a. tumor which had once 

become palpable in the treated mice. Generally, as a large 

number of cells injected a shorter time was required for 

appearance of the tumors. Threshold for progressive growth 

of NC tumor was foumd to be 400 cells. I·t usually took about 

6 to 7 days for a tumor ·to become palpable in mice after 

transplantation at the dose of 1 x 106 cells. 

60 Specificltx.. of HC 'l'U.11!Q••~.-1!..:l..~h regnrd_to_]ost 

Transplant~b111t:.z 

MC tumor cells, ranged from 2 x 106 to 6 x 106 

cells, were separatly injected into 5 to 1.5 of the following 

strains of mice, CJH f/HeFia, - Swiss/HA/ICR, dd/s sac}h, BDF and 

C57B1. The treated an1raals were observed for two months. Tumor 

fatlcd to t.ake in all these animals tested. Although a 

tempora.ry growth of the tumor was observed in some of. the 

C3H f/HeHa ;mice. tumor regressed completely within a.bout ) 

weeks. 

In view of the .1."esults obtained from the prev:'Lous dosage 

.experiment and the present tests, 1.t seem~ t.hat the NC se~rcoma 

exhibi tea. a strong strain-specific behavlor with :r...ega:rd to 

1ts trailsplantc~bili ty I? 

http:tempora.ry
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I I • A~ t 1.Y~,_'!'.lli~+:J .!P.mI!ll:'lZai!.2.n. 

1. Preliminary _1£;.12~rlment 

Single MC tumor cells were treated with UV 

inactivated Sendai virus in cold and then incubated at J7° in HBSS, 

conta1ni11g 15% fetal calf serum, w1th consta.nt ag1 tat1on. The 

cells in tubes were examined under an inverted microscope to cheek 

the rate of cell fusion. Cell agglutination was a precondition 

for cell fusion. The fused cells appeared to be relatively 

large, irregular in shape in an early stage and gradually 

become more spherical at the time of complete formation (Figs. 

14 and 15). The treated tumor cell suspension consisted of 

single mononuoleate cells, binucleate and other higher mult1

nucleate cells. Ficoll discontinuous gradients were used to 

separate multinuoleate cells from single mononuclear cells. 

Single cells were found to be contaminated in the collected 11 fusecl 

cells" 1n order of 5-20%. Scored from unseparated preparations 

the multinucleate cells were predominantly binucleate (53.8%) 

with higher nuclear counts being less frequent (Table IV). 

Polynuclca.te cells could be scor.ed w1 th as many as 50 nuclei. 

Figs. 16 and 17 illustrate dispersed single cells and multi

nuoleate cells after cell separation, respectively. The single 

and various multinuoleate cells with a higher magnification 

(x500) are shown in Figs. 18 to 25. As the cell preparation 

was treated briefly with hypotonio solution (distilled water) 

before fixation, cytoplasmic profiles of these cells could not 

be observed. Close associations among the nuclei in each fused 

cell were noted. Very frequently two or more neighbouring nuclei 

http:Polynuclca.te
http:consta.nt


Fig, 14. 	Photnmicrogri.tph of l.tnstatned MC t;umor cells 
after treatment with UV inaotivated Sendai -Virus. 
Note t1ro fusecl c.ells e.t. the. unrJer left and lo~rnr 
middle areas. Seireral fruclel ... in each fused cell 
are vaguely vlslblel) x450., 

Pig. 1.5e 	 Photomlcrograph of tmste.ined HC tumor cells after 
tre!':l-;m.c·n1t w:lth UV inact~.vated Senclat virus. Note 
the clifforenc~e between. the aggregation of several 
single celle (upper) and. the fused cells {lower). 
Some of tho C !)ll:) in the aggregate might be in0

process cf fusion. xl~50e 
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Table IV.Frequency distribution of multinucleate MC tumor.cells 
following treatment with UV-irradiated Sendai virus 

l -
Number of nuclei in fused cells 

'~--~~~-·------~~------------------~--.....--~~--~--------~----~--------~----~~----------------------~......-------
2 3 4. 5 6 7 8 9 10 11 12 13 J.4 15 16 17 18 19 ~20 

%53a8 24.6 10.9 4.1 2.6 1.0 le3 . 0.7 o.8 0.2 0.3 0.1 0.1 0.1 0.2 0.1 o.4 

\.n 

°' 
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Fig~ 16. 	 Photomicrograph of stained preparation of sin3le 
mononucleate cells collected after cell separation. 
Carbal fuchsin stain, x150. 

Fig. 17" 	 Photomicrograph of stained prepa.rati.on of •:fused 
cellsu collected after cell separation., 
Carbol fuchstn stain. x150. 

http:prepa.rati.on
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Figs. 18-25. Horn.oka.ryocytes of NC tumor cells after 
treatnent with UV inactivated Sendai virus, As 
the preparations were tx·eated with hypotm:1ic 
solution before fixation, the cytoplasms 
of the cells are not seen. Carbol fuchsir1 ste.ln, 
x500, 

F'ig. 18 shows a cell with one nucleus, 

Figs. 19, 20, 21, 22, 23, 24, and 25 show cells 
containing 2s Ji: 4, 51 6, 8 emd. about 21 nuclei, 
respectively~ Close associations among the 
nuclei in each fused cell are noted; some are 
ob'vlously co!lnected with each other by nuclear 
l)rldges. 
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were observed to be connected by nuclear bridges, 

Six A/Jax mice ·were injected with such multinucleate 

cell preparation at a d.ose of approximately l x 106 nuclei into 

the thigh muscles of each animal. There were no signs of 

tumor development at the sit~.of injection over a period of 15 

days. However, 2 control mice which had been given 1 x io6 viable, 

non virus-treated single tumor cells from the same so1ITce used 

for cell fusion resulted in tumor deYelopment as usual. Fused 

Cell$ I therefore t a ppreared to have lOSt their filalignanC~/ a . though 

there was no loss of fused cell viability judglng by trypa:n 

blue dye exclusio11. It was thought that ,~xposure to these. fused, 

yet viable cells mle;ht produce immunity to the TSTA·' s of 
- . 

MC 

tumor. To test this proposition of host's imrnunogen:tcity, the 

mice were challenged with 1 x 105 tumor cells (-~1. 000 I.J:i501 s) 

in the right leg 15 days after the fused cells were inoculated. 

Four out of 6 mice were protected from tumor development at the 

first tumor challenge. Fifteen days after this challenge, a 

second challenge was glven to the remaining 4, and 2 developed 

tumors at the site of injection. Challenges were subsequently 

made of the two mlce which remainecl tumor free, ancl the lmmunity 

to MC tumor was found to persiBt ov-er 25 challcn5es_ until the 

time they were sacrificed for the. experiment of adoptive transfer 

studies. For ea.ch challenge, t·wo untreated mice se~:-v·ccl as 

controls.. They were also 1nj ected with 1 x io5 viable turno::c 

cells at each time, and 100% tumor takes were obtained in the~e 

control mice. On the basis of th~se observations, it became 
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clear that some degree of immunity aga1.nst the immunizing 

tumor ·was induced in the treated animals. 

2. Immunization Ex_periments 

( 1) Hyper_i.,mmunization with Th-1'.'ee Reneat~q_ 

Immun1zi11g, Dose~ 

A decreasing protective effect after the 

first and second tumor challenges in the animals from the 

preoeeding pilot experiment might be due to a weak immune 

response after a single immunization. To build up a heightened 

tumor immune status in the host, three immun1.z1ng doses of fused 

cells were used instead of one. Twelve separate groups of 

experiments were performede Each group consisted of 5, 6, or 

10 mice, The animals were received three immunizing doses of 

fused cells at 10 days intervals. Fifte~n days after the lest 

immunizing dose was given, ea.ch animal was che.llenged 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 summe.rized 

in Table v. A considerable 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 given 

a second and third challenge of 1 x 105 live tumor cells at 

monthly intervals and the percentage of resistant animals was 

?7.6 (83/107) and 71.9 (77/107), respectively, All the 

control mice had 100% tumor takes. 



----

Experiment 
no~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Table v. Transplantation resistance to MC sarcoma cells induced 

in adult A/Jax mice by virus fused tumor cells 

# of animals # of animals not developing tumor 
tested 1st challenge 2nd 

· •. 

5 5 

10 9 

10 7 

6 5 

10 8 

10 8 

10 9 

10 10 

10 9 

6 6 

10 8 

10 '8 

challenge 

4 

9 

6 


4 


8 


7 

9 

10 


7 


5 

6 

8 

.3rd challenge 

4 

9 


6 


3 


8 

? 

9 


6 


7 


~ 
.J 

6 

7 
°'I-" 

107 9~(86.0%) 83(7706%) 77 (71. 9%) 
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(2) ConJQar,<son o:t...!J!~~g_thot: T1i..~-~1.!!.Y.UQ::. 

gen~~ ••w1..th :±.hos.~Oth~mmuniz\ng ~eQ]}.n19J!~§!. 

Two other immunizing techniques, namely, 

injeotio:ns of Y-11--radiated tumor cells and neuraminidase-treated 

tumor cells in A/Jax mice were used to compare the degree of 

immunogenioity with that resulting from treatment with virus-

fused tumor cellso 

A pilot study was carried out with o-irrad.iated tumor 

cells at an immunizing dose of 106 cells on a single ocoasion, 

All 10 animals 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 \-ti th the controls. 

All animals used 1n the later experiments with '(-irradiated 

tumor cells were given three separate immunizing doses, as 

scheduled with fused-cell-immunization, 

Two kinds of nauraminidase obtained from different 

sources were used in the eAperimonts and found to grvc differ

ent results. Tumor cells which had been treated with neura.m.ini

dase prepared from Q!Q.§..t.i:~.d.i..11!!! :eerfriJ.15.EZU§. type V fa.1 led ·to 

induce observable 1mmun1 ty in 37 animals (in J separate exper1.,· 

ments) to subsequent tumor challenges. The viability of tumor 

cells after treatment wlth this enzyme was fou.md to be greatly 

d.i:minished, as tested with trypan blue dye exclusion. The 

cytotoxicity could be attributed to impurity of the enzyme 

product conta,~n1ng some proteolytic enzyrnec 

culture was then usecl for f>UbS!S:!queri.t experiments, o.s this kind 

http:irrad.ia
http:T1i..~-~1.!!.Y.UQ
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of preparation had been employed to demonstrate immune responaes 

in animals against varioufl types of tumors (Currie and Bagshaue, 

196?, 1968, and 1969). There was no E.1.ppare11t effect on cell 

viab111 ty after the tumor cells were incubate~d with neuraminida.se 

from this source. 

The experiments using '¥-irradiated-tumor cells and 

neuram1n1.da.se-treated tumor cells as immunizing doses were per

formed on three occasions under parallel conditions. At the 

same time, exper1mants 7, 8, and 9 using Sendai virus-fused 

cells were in progress (Table V). The results of all these 

experiments are sumn1arized in (Tablet VI). These indicate tha.t 

the protective effects of fused cells, ·f-1rradiated-eells and

neui"aminida.se trea~ed cells upon first tumor challenge were 

93.:3%, 66.6%, and )6.7%r upon the second challenge, 86.6%, J6.6% -_ 

and 46.6%; and_ upon the thi_rd _q_ha.llenge, 73.3;6, 20.0%, and J6~6% 

respectively. 

Two control mice were injected with 1.05 viable tumor 

cells 1n each challenge experiment at the same time c..nd und-0r 

the same conditions as the eJt;p1Jrimenta.l animL:ils. All these 

control animals developed tumors at the sites of lnjec'cion.-. 

( J} ~u.\.Y.lY§:.:1 _Q,L T!:~~~ed..J:i,,t~t~...JDilch FaJJ.~q to 
~ -- 

!l_e..J..ect-~-1 :t::,et Tuq2!:.£b.~dlfS~ 

Fifteen out of 107 treated mice 1n the 

twelve experiments of active immunization by fused cells failed. 

to evoke a level of res:l.stance such that the first tumor 

1, j t d ( ('.' .. , v ) f'"lcha .a..engc was re oc c . ..;ee 1e.o..d) , • The death of the pooled 

15 mice and ll~ control fj.nirm3.ls 1ras ~f·ecordt:,;d 1.n irable VII. It !a 

http:fj.nirm3.ls
http:neui"aminida.se
http:neuraminida.se


Table VI. 	 Comparative study on transplantation resistance to MC 
tumor cells induced in A/Jay::_ mice by virus fused-, 
)'-irradiated-, and neuramin'idase treated- tumor cells 

No,· of animals not developing tumor/Total animal tested (%) 

Immunogert 
1st challenge 2nd challenge .3rd challenge 

I 

Virus fused cells 93,3 86.6 73113 

~-irradiated cells
a 

66.6 36.6 20~0 

b
Neuraminidase breated cells 56.7 46.6 	 36.6. 

arn the experiments using )'-irradiated ce~ls, the.tumor cell suspension in ttBSS 
1 was exposed to J.5,000 racls in an ?pen petri dis~ empoying a 2000 Cur.teT Cs-i.J7source. 

b10-15 x 106 tumor cells were 1ncuoated in 1~0 ml. of acetate buffer, pH 5,5 in 
undiluted 500 U."Vlits/ml. neuraminidase for· 45 minutes e,t ~J7°c1 and-we.shed 3 times in 
HBC'C- ". .. . . . • 

... ~.Jv • t: 

T~..ree separate immunizing doses were g5.ven to animals; 1 x 10° tumor cells, either 
~<-irrc.diat:ed. treated or neuraminidase tree.ted, were used for each dose. 

°' ~ 



Table VII. Survival of fused cell treated and normal 
mice after tumor challenge {days)* 

Mice Number 1-26 27-30 31-34· 35-~·0 41-50 
--------------.w-.,-~--------

Treated 15 1 1 8 J 

Normal 14 0 12 2 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, failed to beobm~ ·~ 
resistant to the first tumor challenge. Therefore, 
the mice, both treated and control, listed in this 
Table died of tumor~ 

0 
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apparent-that control mice died at 29 days, whereas immunized 

mice reoeiving the same challenge do.se of tumor cells had a 

definitely prolonged longevity (mean survival1 J? days). The 

small but definite degree of protection could be appreciated 

from these data. It was noted ths,t there is 1nd1vidu.al 

variation in the response from mouse to mouse, especially in 

the treated group. 

.. 
Persistence of the immune state against 

MC tumor in the 1mm.u..~1zed animals uith the thTee methods was 

exam1iied by the outc<'.Pne of repeated tumor challenges at 15 days 

intervals for the first 5 challengesi and monthly in the later 

stages up to 18 challenges. The 1mmunoJ>rote6t1ve -effects of 

the 1mriiun1z1ng· treatments were coraparec.l and the. results e,re 

expresaed in Fig, 26. The 1mmun1 ty induced by fused. cells 

remained almost unchanged while the resiste..nce of the anim9.1s 

immunized by the neuraminidase-treated cells tended to declin~ 

The stability of the immune state against further tumor 

challenges 111 animals.treated with ¥"-irradiated cells were 

not certain, as the mice in this group were used for other 

purpo-se-.s afte? the third challenge. 

(5) §.P~ f 1c !.iY....:.ot: T.11.,raQL!.fil!l.ill.TIl t Y. 

Specific! ty of MC tumor im111uni ty ·was tested 

with another tumor (SP) by injecting 105 cells into three ?v!C · 

tumor immune mice (reststant to 18 challenges). Tumors 

developed in these three mice at the slte of 1.noculation a.t a 

http:T.11.,raQL!.fil!l.ill.TI
http:anim9.1s


100 

o-o Fused cell treated nilce 
o--o 25'"-irradi~..tecl cell treated mice 
o_,,.._o Neuraninidase treated cell 

exposed miceo"o_"' 
o---o--o--------

0 _ ....~·~~r;.{;"~:,,..,.,.x..:.-:.;;;·~~~ $'4'f®ttMm2:rn-;a: .,=r~B;;;;J;r~-F~~if~~r-~~,1;i~f~:z~mrj"f"'r.r..'Ut!'a 

1 2 3 - 4 5 - - 6 18 
No. of tumor challenges 

Fig. 26. 	Res1 stances to repee.ted tum.or challa.nges ~,·n 
three groU!)S of A/Jax ru1ce immunized with 
virus fused-, 't'-1rrad1att3cl-, neuramtntdase 
treated- MC tumor cells, respectively. 
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comparable rate as in the untreated controls injected with 

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

detectable cross immunoreactivity between SP and MC tumors, 

and the immune state established by fused MC tumor cells was 

tumor specific. 

(6) Histq__lq,gi_Q_~l Pictl,Y:~e_of t~_§!te 9..,f Tumo.!, 

!!_ej~9Jion 

Two 1mmm1e mice which had rejected 10 

tumor challenges were sa·cr~.f1ced 8 a_a.ys after the last 

challenge in the left legs. The right had been challenged J7 

days before sacrificing the animals •. 'J.!he·.-legs- were excised 

and histologically processed. The sections from the right legs 

were found completely free from tumor cells. In the sections 

from the left legs, some areas contaJned cells with deeply 

staining cytoplasm and pycnot1c nuclei., mingled with lymphocytes 

and polymorphonuolear leucocytes (Figlt 27). These areas were 

presumed to be the sites of tumor reject:ton, It seems that 

inflamma.to1~y processes following cellular immune reactions 

might be involved in the rejection judging by the histological 

picture. 



F'ig, 27 II 	 Photomicrogra~h of a section from a hind leg 
of a tumor immunized A/Jax mouse shovring 
the slte of tumor re,jection. 'l1he leg i;·;as 
excised and fixed. in Davidson's fixative at 
8 days after tumor challenge with 1 x i.o5 
cells thTough·an intramuscular route. 
Hemotoxylin and eosin stain. x150. 
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III. pontrolled Expe~ent§i. 

- - Sendai virus has been show-m to exhibit neura.m1.11idase 

activity (Sokol~ !!1_, 1961). The immun.ogen~.ci ty of Sendai 

virus-fused cells may be due to '"'iral neuramiui<.lase effect on. 

the tum~r cells. It is also possible that single cells exposed 

to Sendai virus (but not fused), may have been ~esponsible for 

inducing 1mrnun1ty. To test these poss1billties, the follo·wing
• 
experiments were designed. Mic~e were injected ·rrJi th vtftbl,~ 

MC tumor cells anrl UV in~wt1vHte.d Send.a.1 virus 1:n various 

comb1nationst 

( 1) -Single unfused calls wer<~ separated. from fused 

cells after treatment with Sendai virus ln usual fusion and 

separatton procedures, Dosages of 100, 1,000 and 1.0,000 cells 

were separately injected into groups -of u.nima:ls. F....:wh g;ro1J.p. 

consisted of 5 mice. 

( 2) Tumor cells and Sendai virus, which had been 

mixed but w1thout allow:lng ti.me for fusi.cn to ta1~.o p].a.CEJ s 

were injected into 10 mice 1n a dose of 1 x 106 cells, 

(3) Tumor cells (1 x 106) were injected into one 

leg and Sendai Yirus ( .552 HAU) in the other lr:!g at the same 

time. Ten mice Wf)re used in this experiment •. 

The resuJ.ts of the first experiment are srn~1ma:r1. zed in 

cells at the dose of 10, 000, they e~ll developed tu!!tors., 

However, the survival ti.tile of the. treated. mlce were lengthen-ad 

as compared with thosE: of controls.. In t.he dose of 1000 

http:resuJ.ts
http:immun.ogen~.ci


Table 1711t. Fate of single unfused MC tumor cells and their 

effect on the growth of transpla.nted tumor in recipient mice 

Pretreatment 	 Tumor challenge 

1st 2nd 	 3rd 1st 2nd 

~~ 	 ...-~~ 

10,000 cells 
single unfused cells 5/5*(4Jc6)**
untreated cells 5/5 {JOoO) 

1.000 	cells 
single unfused cells 0/5 2/5(51.6) 3/3
untreated cells 515 2/2***(J2.5) 

100 cells 
single unfused cells 0/5 0/5 0/5 2/5 3/3 
u.i.11 treated cells 0/_5 0/5 	 0/5 . 515 

"untreated cells" indicate dispersed MC tumor cells not treated with Sendai virus. 

*No. or mice developing tumor/Noe of mioe tested. 

**Figure in the parenthesis represents the mean of survival time (days). 

**~-T•·:o untreated control mice were used ionly for the second challenge experiment 


-...Jas controls in the indicated group. 	 ~ 



72 


cells, no tumors resulted,. while the controls developed 

tumors when injected with untreated cells at the same dose. 

Subsequently, similar doses of virus-treated single cells 

were given again to the animals a.s in the usual tumor 

1mmtL"'lization course prev:lously described. In this treatment, 

2 out of .5 mice gave rise to tumors, and 3 other mtce finally 

also grow tumors on the third occasion of the treatment. In 

the third case, all 5 mice were free from tumor development 

after three injections with 100 virus-treated-single cells. 

No tumor grew either 1n the 2 control mice injected with 100 

untreated cells. Tumor. challenges w1 th 1 x 10.5 cells were·- -

perforr.1.1ed in these mice. In the. experimen~al group, ) were 

resistant to the first challenge. However, these resistant 

animals developed tumors. on the se·cond· e·hallenge. - The- -control 

mice, which were g1yen 100 virus-treated single cells after 

the first challengej developed tumors at the site of injection. 

In two other experiments, cells mixed with virus but 

without allowing time for fusion, and viable cells and virus 

injected into opposite legs, produced tumors on the ftrst 

occasion of the treatment. The latent periods for tumor 

appev.ra.nce in both experlmenta.1 groups were- longer than those 

of the controls (both the second and thtrd experiments in
, . 

comparison to the respe·ctive·controls, p.(0,001), However, 

the survivals cf both e:x:perimantal groups were not st;ai;ls

tically different from the control groups, In each experiment, 

two control animsils were injected wlth correspondir1g amount 

of untreated tumor cells and all developed. tumors. 
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IV. 	Delale9:..J.ll:~.r.§..fill~tl.V:1tz 
It was important to determ1.ne whether delayed type of 

cutaneous hypersensitivity reactions could be elicited by 

tumor antigens 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 us€:~d fo1' the test. 0.1 ml. 

of this solution was injected intradermally 1nto the left hi11d 

foot-pad and at the same time equal amounts of norm.al saline 

were injected in a similar way into the right hind foot-pad 

of the ~ immunized mice. Another two immunized mice were 

injected with 0.1 ml. of a mixture of the supernatant of tumor 

homogenate and complete adjuvant - ( 1a1, V/V). No de-tectable

swelling was observed in either 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 

immune animals. Preparations of four different concentrations 

(1 x 103, 1 x 104, 1 x 105 and 1 x 106 cells/ 0.1 ml.) of 

viable single tumor cells and frozen and thawed-tumor cells 

were tested in a. similar way as described previously. 

http:determ1.ne


Eight animals, wh1ch were immunized by fused cells and then 

resistant to two tumor challenges, were used in this experi

me11t, It was 12 days af~er the secon~ challenge when the 

experiment was performed, The results are shown ln Table IX. 

Only live tumor cells at h1gher coricentrations (1 x 105 and 

1 x 106) were effective for a positive reactiono This con

sisted of marked swelling of the affected foot-pad 18 to 24 

1hours after injection {Figs. 28 a.net 29). I'he viable c.ells at 

concentration of 1 x 104 gave an equivocal result. Dtsrupted 

(frozen and the.wed) tumor cells at 4 clj.f'ferent co11c.ontrat1ons, 

1 x 103 viable cells, or physiologlca.l saline fa.1 led. to produce 

positive reactions in the im.muni.zed mice, All normal control 

animals given either viable cells, disrupted cells or phys10;;.. 

logical saline did not confer positive reactions on the foot

pads. However, the normal mice received. viable tumor cells an~ 

all developed progressive tumors at the site of injection.5 

to 8 days after inoculation. 

The positive results of c1elayec1 hypersensi t:lv1 ty 

considered in the above experiment were support.ed by tho 

histological appearance of the react.ion. In the immunized. 

mice demonstrating positive reactions at 24· hours, hem~toxylin 

and eosin stained sectiono from the tissue of foot-J1ads showed 

edema and a prominent cellular infiltration (:F'ig. Jl). The 

cellular components of the reaction c~onsist;ed of moncmuclear 

lymphoid cells and a few polymorphc·nw~lea.r leu..cocytes ( F'tgs .. 

32 e~nd 33). Some tu...mor cells could. also be recogn5.zed iY1 the 

http:support.ed


Table IX, 	Effectiveness of delayed type (24 hours) hypersensitivity 
reaction of mice immunized with fused cells and of normal 
mice to footpad injection with various forms of tumor 

Form of tested tumor Rea.ction 	 Remarksi 

preparation 	 Sensitized mice Normal mice 

Fresh, single viable 
tumor cells. 

1 x 103 

1 x 104 ± 
1 x 105 	 ++ 

1 x 106 	 +++ 

Tumor developed at the 
site of injection 1n 
sensitized and normal mice 

" 
Tumor did not develop in 
sensitized mice, but took 
in normal control mice 

" 

Frozen and thawed, Jx 
disrupted tumor cells 

1 x 103 	 Tumor d1d not develop at 
the site of injection 

4
1 x 10 " 
1 x 105 	 t1 

..,,. .. 061 A J. . 	 " 

+++ o~ 81--1. oOiiim. ,--++o .61-0--:-acY-mm~; + o. 41-0. 60 mm. ; ± o. 21-0. 4o mm. , - <o. 21 mm. -..J 
\.}'\ 



Figs. ~;!8 and 29. Foot-pad. react tons in the MG tumor 
1r.umun1zed (by fused cells) male A/Jax mouBe ~ 
211- hottr·s after cutan.cous injectlono Both 
pictures \rnre taken from the same mousis. 
The right foot-pad WE;.S given phyniologic~.::1 
saline alone6 ·while left foo·~-ps.a. (arro·i·r) m:>.s 
given 1 x 10 viable MC tumor cellso 
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7) 

Figs. 	30 & 31. Foot.c·pacl reactions 1n the MC tumor 
immunized· mo11s•3 11 21-1- hours after cutaneous 
injection. Hematoxyli.n and eos~.n stain. x 140, 

Fig. JO. Control~ given injection of 
physiol9gical salin.e alone at the right foot. 

Fig. Ji. Given injection of 1 x 105 viable 
MC tumor cells. 
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Figs. 	32 & 33. Photom1orographs of a section from 
the foot-pad of an immunized mouse, 27 hours 
after cutaneous injection with 1 x 105 viable 
MC tumor cells. Heme..toxyl1n e.nd eos1n stain. 

Fig. 32. Mononuclear cell infiltration in the 
area of delayed hypersensitivity reaction is 
evident. x8o. 

Fig. 33. Part of the previous micrograph was 
enlarged• x 400. 
Note clearer picture of the area filled with 
mononuclear and polymorphonuclea.r 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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area. In the other fcot ....pads 1njectecl with normal saline, 

the reaction was considered negative, as eclema and cellular 

reaction were minimal (Fig. JO), 

As tim1ng and appearance of the reactions are both 

ch.B.racter1st1cs of delayed hypersensitivity, e.nd certain time 

interval is needed for the host resistance to bu:J.ld up, 

experiments were designed to find out a maximum immune response 

of the host animals after immunization with fused.. eells. This 

was tested by injecting viable tumor cells into foot-pacl\) 

Nine immune mice following the third tumor challenge were used 

in this experiment. The mice were given 1 x 105 live MC tumor 

cells at 5, 10 or 20 days after the last tumor challenge. 

Observa.tlons were mad.e at 6, 24 and 48 hours after· inoculation. 

This increase in foot-pad thickness '~as calculated. by compari:Qg 

the thickness of the tumor injected and saline injected foot

pads on each occasion. As illustrated-in F'ig, )4, very slight 

reaction (14% increase in thickness) at 24 ho~rs occurred in 

mice 5 days after challer1ge (resons1 tization}., Delayed'·hyper

sens1tivi ty reaction with 4·2~.6 and. 26% increases in thtckness of 

foot-pads at 24 hours after inocula.t::1.011 l·rere observ~d in m1ce 

tested 10 and 20 days after chu.llenge:, respectively. It is_ 

apparent that the strongest reaction in miee tested w9.s the 

one 10 days after challenge. 

Another .sel'·ies of tests werG carried to deterfa1ne 

whether active tmrnunity :J.nduced we.s spccifically against the 

immunizing MC, and to determi.ne the re~:tc~tiv-1 ty of tumor-bearing

http:determi.ne
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246 


5 days.after challenge 

filillJJlil - 1 O days after challenge 

fB -- 20 days after challenge 

Hours after foot-pad inocu].2.ticn 

Fig. )4. 	 Foot-pad delayed hypersensitivity to MC tumor 
inoculation in a:)tlvely immunized A/J·ax mice 
at various days af'ter the sec~ond challenge o.ose:.: 
were gi ~.re.n. 
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mice to the foot-pad 1njection.·of MC tumor, Sixteen mice, 8 

immunized animals 10 days after the third challenge, I.} MC 

tumor-bearing {10 days after tumor inoculation) and 4 untreated 

mice were used in this expe~lment. The results are presented 

in Table x. Immunized mice, except for one (#8), exhibited 

pos1tive reactions of varying degree at 2I~ hours after injec

tion of 105 viable ceJ.ls on footpads. However, the reaction 

of the #8 mouse, in which the thir·d challenge tumor was_ not 

overcome and just became palpable at the time of the test, 

proved to be negative. The other hind foot-~ads injected with 

normal physiological saline showed negative responses, The 

delayed hypersensitivity reaction did not occur on either foot

pad in tumor-bearing ~r normal m1.ce. 

Except for #8, the immunized mice all rej~cted the 

tumor cells injected into the foot•pads. Howev""er, the normal 

.and tumor-bearing mice showed swelling of the injected feet 

at day 5 to 7 and progressively growing tumol"S resulted, 

In addition to the above experiments, 2 immu.11ized mice 

were tested with another tumor (SP). Negative results were 

obtained, since no pronounced swelling could be detected at 

24 hours. Nevertheless, tumors developed at the sites of 

injection and eventually caused the death of the anirri.alsll 

These results confi:cm that the immune response induced by the 

fused cells was iru.t1u..riizing tumor specific, 



Table x. Delayed hypersensi tivi ty tests 

rr
Irnr.m..nized mice (from expt #12) 

1 Control mice 

Increase in foot pad thickness (in mm. ) Increase in foot pad thickness (in mmo) 

Viable tumor 1 Physiological ~: f ' 
cells · 1 saline I! 

Mou~e ~ 214 Hrs . 48 Ijrs :I 24 Hrs 48 Hrs jj .___, 

1·1 1++++(1.0IJ·) ++(0,82) -(0.16) -(0,07) II 


2 I ++ ( o • 7 8 ) :!: (o • 39 l . - ( o • 09 ) - <o • oL~ l ii 


3 !++++ + I - - 11 

/~. I +++ + I - - ,, 
I I 

5 I ++ + ., ll 
6 I ++ + 

\1 
/!1? I ++ ± . 1l!

I .., 
' 11.1! d8 * ! ± ( (). 27) I R 

-·---~ ~ I t· 

++++>1.00 mm; +++ 0.81 -· 1.00 mm; ++ 0,61 - o.81 mm; + o.Lf..1 - 0.60 mm: ± 0.21 - o.40 mm; -<Oo21 mm. 
i~ 'J:umor became palpable at the tlme of the test ( 10 days after 3rd challenge wi t.h tumor cells),

** Mice #1-4 tumor besring mice (10 days after tumor injection).
*** Mice #5-8 untreated control mice, 

OJ 
t\) 
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This series of experiments w~s u...viderta.1rnn to see if 

1mmunity of MC tumor could be 
-

adopt1vely t1~a.nsfcrred by lymphoid 

.cells from fuDed cell immunized animals to normal syngene1c 

hosts. Spleen cell and lymph node cell suspensions were pre

pared from immune mice. Each of resulting spleen or lymph node 

suspension, or mixture of spleen and MC tumor cells was injected 

lnto·a. group of 5 to 10 v1rg1n animals. Three experiments were 

performed. 

In the f1rst experlmentr 5 groupsli each consisting of 

10 mi-<'.)e were used as ree1p1ents. 'fo obtain 1mrm.ln•3 spleen cells, 

50 immune mice which had. been resistant to a.t least 11 tumor 

challenges were sacrificed. One minced immune spleen was 

transferred to each recipient. The time interval between spleen 

transfer and tumor challenge (S-T) 1n the recipient a.n1rua.ls was 

-2 days, 6·days, or 12 days.· ·With exception cf -2 days of S-T 

where the spleens were· transferred two days befc,re tumor _ 

challenge, spleen cells in other conditions were all transferred 

at the indtcate_d days after tumor adm1nis_trat1on of 1 x 10.5 

cells. 

·1n the second experiment~ 4 groups, each containing 5 

mice, were used,as recipients. Mixtures of immune spleen and 

tumor cells 1n 100sl, 50il, 10sl, and lal (x 10J
c: 

cells for each) 

splenio lymphoid cells to tumor cells rat:1o were 1njct~toJ_ 

1ntra.per1tonE!ally into ea.oh group on day 0. Ten control e,ni m:-:t.ls 

for these above two experiments were injected with 1 x 105 

viable tumor cells on day o. 

http:m:-:t.ls
http:a.n1rua.ls


84 


The results of the first and seoond experiments are 

summari~ed in Table XI. As only one group of controls was used 

to compare 9 groups of treated animals, the difference of treated 

vs. control anima.ls with regard to survival was tested by Dunnett•s 

method, after logarithmic transformation was used to stabilize 

the variance. 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 and 6 days were statistically 

longer than that of controls at significant levels of 5%, 1% 

and 5%, respectively. It, therefore, appears that animals which 

were given immune spleen cells two days after tumor challenge 

conferred a higher protection. 

In the second experiment when mixtures of immune spleen 

cells and tumor cells in various proportions were injected with 

groups of virgin mice,. mean surv1valS in treated group __were 

apparently increased as the spleenatumor cell ratio increased. 

Among them, only the group injected with a mixture of spleen 

and tumor cells in proportion of 100sl was.found to be 

statistically significant at the 5% level as compared with the 

control group; although the third treatment (5011) was 

approaching the significant level. 

On basis of these results, it seemed that some degree 

Of immunity was transferred to the recipients, but it did not 

reach the level at which the animals could suppress the tumor 

growth. What could be done to enhance it? (1) A more prolonged 

and repeated course of 1nuaun1zat1on. (11) Smaller challenge 

1nocula might serve to demonstrate smaller degrees of immunity. The 

http:anima.ls


Table XI.!t Adopt1ve transfer of immun1t:r 
Experiments 1 and 2a 

Nos of Mean survival ± S.E. 
Group Animals t ve..lue 

tested Days (Log10 transformation) 

Control 9 28.56 ± 1.51 (1.45 ± 0.03) 

Experiment 1 
S-T intervals (days) 

0-2 _,, )J.78 + 0.76 (1.53 ± o.on -2.70* 

2 9 35.11 ± 1.46 { 1 · • .54 ± 0. 02) -J.20** 

6 10 33.10 .± o.86 (1.52 ± 0.01) -2.,44* 

12 9 28.4-4 ± 1.56 (1.45 ± 0 .. 02) 0.02 

Experiment 2 
Splenic lympho1d1 
tumor cell ratio 

(x 105) 

1 s 1 .J 28.60 ± 1.63 (1.45 + 0.02) -0.12 


:tQ I 1 5 J2.60 + 21129 (1.51 + C.OJ) -1,72 

,.,50 • 1 JJ.60 ± 3.,29 (1._52 ± 0,02) -2.01 

... 
100 '' 1 , 34. 80 ± l. 2!.t· (1 • .54 + 0.02) -2.6rf· 

·..--..;Iii'"~.--- -· 

a Nine treated groups (Experiments 1 and 2) were compared to one control group 
coof mlce w1th regard to e:nlmals' surv1v"a.ls by Dunnett' s test. \J\ 

A11alysis was based on 1og10 transformation of the data. 

i<·s:tgr.iifica.nce at 5% level. 

·::-*S1.g:'11f1ca.nce at 1% level. 
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smaller challenge inoculum used should be that; which produced_ 

above the threshold dose in control animals. Wj_th these 

considerations in mind, the third experiment was designed, 

although this time immune lymph node cells were used instead 

of immune spleen cells, F'ifteen mice were ifijE:)Cted. intra

peri toneally with 2 x 106 minced regional lymph node cells 

from immune mice on three occasions at 6-day intervals. Ten 

days after the lymphoid cell transfer, 15 mice were divided into 

three groups (5 mice 1n each) and chal1enged with 1 x 104 and 

1 x 105 live MC tumor cells, 

The results 'shown in Table XII indicate all treated 

animals 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 tnocula.1\ There wt.is only one 

mouse developing a tumor in the group of m1-c.~1allen[jed with 

1/2 x 105 ~ells. No tumors developed in the group of mice 

challenged with l x 104 cells. The mice in the control groups 

a.11 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 turner was in-~ 

jected while the controls did so at about 6 days. The survival 

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

average 29 days). 

In order to eX})lore in:rn.une state of the irnmunlzed. mice 

in r~1ation to J..y:nphoicl ac.ti vi ty and re:.:.:i.et1."\'.rl.ty to FHA / the 

following experiments were performed. 

http:re:.:.:i.et1."\'.rl.ty


TableXII.Experiment 3 
Adoptive transfor of immunity 

Tumor challenge dose Mice developing tumors/total m1ce tested 


No. of cell Experimental Control 


1 x: 105 515 2/2 ,, 
2 x 10"-f' 1/5 1/1 

4
1 x 10 0/5 2/2 

The experimental group of mice were injected intraperitoneally with immune 
lymph node cells on thrc::e occe..sions before tumor challenge o 

co 
-.....1 
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Splenic lymphoid cell preparations were studied from 

5 immune mice and 5 normal 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 immune mice 15 days after the challenge. 

The proliferative activity of lymphoid cells assayed by 3g 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 lymphoid cells 

for each spleen of triplicate cultures. There was good agreement 

betueen 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 individual within each 

group especially among those from immune mice. The unequal error 

variance reflects individual variation. The data were required 

to be transformed to logs to ~tab~lize the variance and achieve 

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 lymphoid cell culture without adding 

PHA showed a low level of radioactivity. However, under the 

parallel condition immune lymphoid cells exhibited a high rise 

in radioactivity, this being 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 XIII. 	Tritiated thymidine incorporation by normal and 
immune A/Jax mouse spleen lymphoid cells with 
or without PHA stimulation in culture 

~atio of incorporation3Experimental 	 11-thymidine incorporation (mean cpm/culture) PHA 1: 25 PHA 1:250 
.±.. S.E. stimulated/ stimulated/ 

group PH.A stimulated unstimulated unstimulated 
unstimulated 1:25 1:250 

95 + 17 4,933 :.. 706 1,932 + 261 51. 9 20.3 

Control 
(2.45 _:-_ 0.22)a (3.74 + 0.07) (3.46 + 0.08) 

2,211 +--:f,548 7 ,248 ::.. 1,877 4 '884 -!, 896 3.3 2. 2 

Immune 
(2.95 + 0.28) ( 3.8 0 + 0 . 7 2) (3.65 + 0.10) 

Rr!tio of 
incorp·Jr a tior.. 
I rnm!.lne /Cont ro 1 

23.3 1. 3 2.5 

Difference 
(t value) 3.45** 0.95 3.31* 

In these experiments, 2 x 10t 3spleen lymphoid cells were cultured in 2 ml. of medium with or without 
PHA for 48 hours of culture. H thvmidine was added for the final 5 hours of culture. Results are 
expressed as the mean counts per m1nute of five animals in each group having triplicate s~ples for 
each spleen in culture. The triplicates in each spleen culture have less than 10% variation in counts 

a ~ gu~c~ in parenthesis indica~e ~e~n cpm/culture ~ S.E. after log 10 (X) transformation. 
** ~ gn1£~cance at 1% level; * s1gn1f1cance at SI level. · 

'-( 
0 
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spontaneous DNA synthesis of lymphoid cells occurred 1n the 

immune mice, at _least in the spleens. This is compatible with 

an ongoing immune 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 111 spleen 

cells from immune and control animals. The PHA was given at two 

dose levels; 1/25 which was d.onsidered as an optimal dose and one 

lol·:er ( 1/250} for stimulation in mice. Using control lymphoid 

cells, 3H-thym1d1ne incorporation was increased more than 50 fold 

with the optimal dose and more tha11. 20 fold with a lower con

centration of PHA. The equivalent figures for ·1ymphoid cells 

from the immune animals, in contrast, were about 3.3 and 2,2 

times the levels found 1n unstimulated immune spleen cell 

culture. A significant difference between the immunized and 

control groups was demonstrated at 5% level in response to 1s250 

PHA, but not to 1t25 PHA stimulation. However, it should be 

remembered that spontaneous DNA synthesis was h1gh in lymphoid 

.cells from the immune animals in unstimulated culture, 

For the two way analysis of variance, 1e, bringing together 

all the data, significant differences were demonstrated between 

the controls and immunized groups, and between the three levels 

PHA. No significant differences were shown to exist among mice, 

nor were the interactions between level and preparation present. 

During the course of the splenic cell preparation before 

setting up the cultures, a 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 Age.:t.1.!tJ.Dat1on 

Using the tube and slide e.gglutina.ti011 techniques, 

high agglutinating activity was detected in the sera of all of 

5 immune mice u.sed in the previous experiments (VI) • Titers 

ranged from li1280 to 115280 {Table XIV). In the sera of the 

control animals, no agglutination was detected above 1120. 

VIII. Demonstration of TUfil2!" Specific H~oral An~i~ 

1. Immuno.f.luoresce11ce Studies 

Samples of serum, obtained 18 days after the third 

tumor challerJ.ge, from tlro 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 examined 

microscopically under ultraviolet illumination, bright 

fluorescence was observed on the cells of MC tumor sections 

whe11 immune serum was used. The fluorescent dots were located 

primarily on cell periphery and some 1n the cytoplasm of tumor 

cells. A very little fluorescence was noted in the nuclei. 

The cells 1n the necrotic areas were not distinctively stained. 

No appreciable fluorescence was observed on the section of SP 

tumor nor of the mouse liver. The reactions of the sera. were 

similar from both immune mice used 1n the tes·t. 

Sera from the two normal mice were tested unde1" similar 

conditions and no fluorescence was noted on the sections of 

http:challerJ.ge
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Table··xrv. Aggulutination of MC tumor cells 

by immune and normal mouse sera* 

Mouse # Immune serum Normal serum 

1 

·------·---·-~·-·---·..·-·---- ·~----~·-~· 
la1.2BO 1:20 

2 ls.5210 1.18 

3 

4 

la2560 

111280 

1:16 

1s8 

5 l 1 5210 11 J.t, 

* Duplj_cate experiments were performed for each test. 

Titer is the highest dilution of serum showing 

clearcut a.ggulutination. 
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MC tumor, SP tumor or mouse liver. 

The specificity of serum antibody to MC tumor was also 

determined by the absorption studies. Incubation of antiserum 

obtained from one of the MC tumor immune mice (108 viable MC 

tumor cells/ml. serum) at o0 c for one hour to absorb the anti

bod.y. The serum was then tested and no positive staining was 

observed with MC tumor on the sections. 

To determine whether there was circulating ant1-I1C 

tumor antibody in the MC tumor-bearing mice, sera of two 18 

day tumor-carrying-mice were tested. No fluorescence was seen 

on the frozen sections of NC tumor, SP tumor or mouse liver. 

2. 	Effect of Serum from Tum.Q!'..:.Jmmu.ne Mice on the Growth 

of Transplanted MC Tumor 

In two experiments, after MC tumor cells were 

incubated with MC immune serum the tumor growth was markedly 

enhanced in syngeneic mice as compared with controls. The 
\ 

controls were treated with normal mice serum or untreated with 

serum (Table XV). The enhancement was revealed by a. shorter 

latent period of tumor appearance and an 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 end 1125 diluted were significantly greater than 

those in i1ormal serum treated controls (p< o. 01 ancl < o. 05 

in experiments 1 and 2, respectively). 



-----

Table XV. Effect of Tumor Specific Isoantiserum on 

Tumor Growth in Syngeneic Recipient A/Jax Mice. 


Experiment Serum Dilution* Mice Developing 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 

normal, undiluted 6/6 6.3 13.3 23.41 

immune, undiluted 6/6 4.8 17.S 36.1 

2 normal 1: 25 6./6 6.6 10.9 21. 6 

immune 1:25 6/6 5. 7 14.7 31. 5 

Serum and tumor cells were incubated at 37°C fo~ 40 minutes before intramuscular 
inject:ion into animals. 

*PBS was used as diluent. 

\() 
.{::"" 



DISCUSSION 


For transplantation, the tumor was prepared as a suspen

sion containing dissociated cells. The neoplasm regularly 

produced 100% ta.Im when only 400 viable cells were injected 

into the mice. The spec1fic1ty of the MC sarcoma, as received 

·from Dr. Buck, was demonstrated by its failure to grow 1n all 

but its 1nd1g1nous strain, A/Jax mice. The tumor a~ppeared to 

be host specific for A/Jax, s1noe it has been tested in strain 

A mice obtained from Houston and five other mouse strains in 

Which lt failed to develop tumors. 

Studies on chromosomes of the MC tumor over a period of 

2 cmd half years itivariably showed a modal chromosome number 

of 43, including always one and occasionally two. metacentric 

marker chromosomes. In general, chemically induced tumors 

are 1nd1vidue~lly distinct as rega.1'd to antigenic spec1f1c1 ty, in 

contrast to the fact that different tumors induced by a given 

virus sholr an extensive a11d possible complete antigenic cross 

reactivity. The immunizing capacity of methylcholanthrene 

induced tumor normally persisted a long period of passages 

!n. !iY.Q.. 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 sholm that in 

some instances, the tumor antigenicity appeared to d1m1n1sh 

upon serial transplantation in syngeneic hosts (Klein and Klein, 

95 
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1962). This was explained as being due to a selection of 

less antigenic cells or antigenic simplification. On the othsr 

hand, there is also the possibility of acquisition of new anti

gens in transplanted tumors through repeated passages, result

ing in stronger antigenicity. For instance, the transplanted 

tumor might have contained 1soant1gens of the primary tum.or 

host, yet some of these 1soant1gens might have been lost from 

e.n1m~l strains (by mutation) during continued inbreeding. In 

such circumstances, the tumor cells remain or become antigenic 

even if the original TSTA's have diminished, since the iso

antigens in the tumor cells would manifest themselves as the 

TSTA's which would be the only antigenic difference between 

the host and tumor. Alternatively, the tumor cells might 

change genetically in the. course of serial passages in the 

same inbred host, thereby gai111ng ar1tigens. It cannot be stated 

with certainty that the tumor has not been contaminated with 

viral materials, even though no viral particles were detected 

in the tumor by the electron microscopic observations. Instances 

of antigenic loss es well as antigenic gain have been discussed 

(Green, 1959; Witebsky, 1961; Tennant, 1970). No matter what 

the situation as far as antigens are co11oerned, the tumor 

remained specific to its syngeneio host and we believe that 

1t 1s worthwhile to test anti-tumor 1mmunogenic1ty in such an 

animal 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 1mmun~log1cally representative 

of chemically induced tumors which are of recent origin 

(Riggins and Pilch, 1964; Old et al, 19621 Prehn, 196Jb). 

Attention has recently been paid to exp1~ss1on of 

malignancy in various hybrid eells.· Barski and Cornefert (1962) 

demonstrated the dominant character of hybrid cells which 

arose spontaneously in mixed cultures of a highly malignant 

mouse lines. A similar observatio11 has been made by Sceletta 

and Ephrussi (1965). Hybrids between tumor end normal mouse 

cells produced tumors in the same way as the malignant parent 

cells. In contrast to these results, Harris and coworkers 

(1969) have shown suppression of malignancy by cell fusion 

between malignant and nonmalignant cells. Of great interest 

in tumor immunity along this line is that the hybridsbetween 

Ehrlich asc1tes and hamster transformed cells have been shown 

to lose their tumorigenicity '(-transplantabl1ty). - The 

hybridization induced immunity against Ehrlich ascites cells 

when these are subsequently introduced into the mice (Watkins 

and Chen, 1969) • The 1ntroduct1011 of the Sendai virus cell 

fusion technique has rendered it possible to fuse almost any 

mammalian cells (Okada~ al, 1957; Harris~ al, 1966). Des

pite the current interest of cell fusion in various biological 

fields, little attention. has been Paid to the loss of transplant

abil1ty by fused tumor cells of the same origin or type, although 

the fate of such fused cells was pointed out 14 years ago1 tt • • • 
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it is certain that the fused cells undergo degeneration at 

last" (Okada tl al, 19.57). 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 eithel" lipid or protein micelles or both, 

initially by binding to it {Roizman, 1962; Lucy, 1970). The 

changes might well be expected 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 considerable. 

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) indicated that fusion 

activity occurred in most cell types of human and animal origins, 
examined and yet it varied in amount with different viruses. 

They further noted that the fusion activity parallelled HA titer 

but was not identical with 1t. Okada and Todokoro (1962) found 

that in Ehrlich ascites tumor cells and Sendai virus, fusion 

factor of the virus was different from its 1nfect1v1ty, HA 

activity, and tro.S not related to its neuram1n1dase activity. 

Sendai virus-fused multinucleate MC tumor cells lost 

their transplantability and stimulated a protective reaction in 
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the recipient mice. Twelve separate experiments were performed 

1n mice by injecting three immunizing doses of fused cells and 

the results indicate the bodys• immunological defenses oould 

be built up against challenges uith viable tumor cells (Table V). 

The control group showed a 100% progressive inoreaso in tumor size 

until death of the animals. Injection of either -(-irradiated 

tumor cells or neuram1nidase treated tumor cells were compared 

with the present immunizing method in respect to the streng·th 

of 1m.munogen1c1ty. 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-1rrad1a.ted cells and neuraminidase treated cells were 20% 

and 37% respectively. During the course of repeated tumor 

challenges, the 1mmun1ty produced by fused cells appeared 

relatively persistent, while the mice immunized by naura.minidase 

treated cells tended to decline in their resistance (Fig. 2). 

The stability of the immune state in Y-irrad1ated 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 m1nd that when the tumor for challenge was inhibited to grow 

1n immunized mice, it usually regressed, since its presence in 

the body also ~e1nforced the preexistent immune state. On the 

analogy of the efficacy of attenuated microbial vaccine, it 

does seem that virus fused cells have immunizing potrers-..· bette1' 

than tumor cells treated by chemical or physical means. 
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The specificity and an immunologicei.l basis of the 

protective reaction seem evident for the following reasons: 

( 1) Immune animals had no protection agat~.st the growth of a 

spontaneous tumor (SP) of A/Jax mouse. (ii) Positive results 

for delayed type hypersensitfvity were conslstently sho~m in 

the immune mice, accompanied by subsequent rejection of the tested 

tvmor inoculum. Negative results were cbt.9in0d when SP tumor 

was tested in the s.::tme way. (iii) Po3itive fluorescent sta.ln.;;. 

ing reaction was clemonstrnted with only MC tumor, but not with 

SP tumor, using antiserum obtalned frorn the immune miceor (iV) 

Immune sensitivity in respect to MC tumor could be adoptively 

transferred to normal virgin anlmals by means of living lymphoid 

cells from the regj onal nodes of actively immurd. zed animals .. 

(V) A high degree of spontaneous D~!A sy-nthes:l.s of the lympho:id 

cells obtained from the spleens of immur:i zed antm2... ls was 

demcinstrated in vitro. 

A completely d.lfferent approach to irr.munothera.py has 

been developed by Czajkowski and associates (1966, 1967), who 

have sho't'm that antigeni.city of the tumor celJ.s oculd bP, 

enhanced by coupling them to an antigenic protein ce~rier (e~g~ 

human or rabbit garn.ma···globulin) with bidiazobenzi.r.U:r:.e" 

Results in animals or in patients injectecl with th:ts complex 

are encouraging and suggest that both cellular arui humorai 

immunity are activated and directed against the tJ.mo:;:-- eel.ls. 

In the investigations of cells for the attachment of my:xovirus;~s f 

viral coated-protetn molecules, namely he:-r1agglut:in1ns,. have 

http:tJ.mo:;:--eel.ls
http:irr.munothera.py
http:agat~.st
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been found to incorporate into the plasma membrane of virus 

exposed cells (Hotohin ~ al, 1958: Morgan ~ ~. 1962; 

Marcus, 1962). The sequence of events of such surface con

version a.re that cellular receptors have to be attacked by 

viral destroying enzyme (specifically neuram1nidase) before 

viral lipoproteins become incorporated into the host membranes. 

As far as the present immunizing technique is concerned, it is 

difficult at present to fully explain the mechanisms of fused 

cell action in immunogenecity. However, it appears clear that 

during tumor cell fusion by Sendai virus the coat components 

of the virus would become incorporated into cell membrane. 

Although the modification of cell surface in terms of molecular 

configuration has still not been understood, the viral 11po

proteins might well be bound to.the TSTA's in some way within 

the cell membrane. The modified fused cells are merely 

attenuated, in the sense that their growth rate is slowed down 

or they lose th0ir transplantability, and/or render themselves 

more immunogen1c in tsogenic hosts. This is further supported 

by the results that the failure of immunoprotection by viral 

treated single cells with varying doses in the controlled 

experiments. The rationale of the present experiments has some 

similarity to Czajkowsk1 1 s study (1966,1967) previously men

tioned and also to the concept of "artificial heterogenization 

of tumor specific antigens" by Russian investigators (Svet
\ 

Molda.vslcy and Ha.mberg, 1964, 19671 Hamberg and Svet-Moldavs-ky, 

1967). The same principle was recently interpreted by Mitchison 
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(1970). He suggested that a helper determinant, which can be 

hapten, a protein, a viral coe.t protein or a xenogenous cell 

antigen is introduced into a population of tumor cells. .t\.n 

immunological reaction occurs against the helper determinants 

aftei-r. transplantation of the mod~. fied. turgo_!.. cells. As result 

of th1.s, the reaction to the accompany1'ng TSTA' s of the tumor 

cells is enhanced. 

The possibility of· direct viral oncolytic effect and 

tho 1mmW1olog1ca.l oncolysis was proposed by many investigators 

(Moore, 196or L1ndenmann and Klein, 1967; Webb and Smith, 1970). 

Viral oncolysis could be excluded in the im..~une reaction elicited 

by the fused cells, as the virus used has been 1nact1,rated. 

Interferon was sho1m to be induced by certain viruses 

inclucling Sendai virus even-when UV-inactivated. If a. tumcr 

1s induced by a virus, 1nfeot1on of the tumor-carrying-host 

w1 th a second ~1.rU:s. _might interfere with the growth of tumor

1genic virus or the transformed cells through interferon 

induced by the second virus. It has.been demonstrated in 

several cases, such ~1.S Fri.end virus leukem1~i. in :mi.ce tha.t 

progression can be inhibited by infection wi·th Sendai Yirus 

(Wheelockp 1966). Also administration of an interferon pre

paration delayed the evolution of Friend a.nd Rauscher leu.kemln 

in mice (Gresser et,, fbl.., 1969). Mouse interferon was also 

effective in increaslng the survival of mice bearing chemlc8.lly 

induced tumor wh:lch W£tS contamina/ced.. ui th intracellular type 

A "viral partlclesu. Recently the suppresslon of tumor growth 

in animals ino(;Ulatc(l with interff~l"on inducers has also been 
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described (Levy et al,, 1969) •· · :By electron microscopy, there 

was no indication of the-prese~ce of' any v-irus particles in 

the MC tumor used in the present study. It seems unlikely 

that interferon produced by 1rrad1Eited Sendai virus might. play 

a significant role in immunoprotect1on in the present system. 

Sendtti virus neither protected the animals from the grouth 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. 

It bas. been shown that many tumor cells possess a 

mucoprotein coat and digestion of th~.s layer with neurarninidase, 

demonstrated the presence of sialic acid (Gas1c and Gasic, 

19621 Weiss, 1966}. The high negative surface charge on 

malignant cells has been considered to explai.n their failure 

to exhtbit normal contact inhibition of movement (Abercrombi 

and Ambrose, 1962). A hypothesis advanced by Currie and 

Bagshawe ~1967) was that the free carboxyl group of sialic acid 

in perioellula.r sialomucin confers a strong electronegative 

effect which repels negatively charged lymphocytes. This · 

masking o-r the cell periphery by sial1c ao1d was considered to 

be analogous to the demonstration that humo:ral antibody can 

p:rotec.t (or inhibit) antigenic sites from immune 1.ymphotd 

cells' recognitlon an.d interaction. On the basis of this 

concept, Currie end Bagshawe further demonstrated significant 

1.mmunoprotection in mice after injection w:t th neuraminldase 

treated tumor cells of varlous types (Currie and Bagshm·:c, 

1.967, 19680.&b, 1969; Bat;sh.:::.we and. c-iu~rie,, 1968), In the 

http:Bat;sh.:::.we
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course of the studies of viral oncolys1s~ Lindenmann and Klein 

(196?) have sho~n1 that injection of neuram1n1dase (between 150 

p.g and 600 p.g) along with Ehrlich asc1tes tumor actively 

prevented the animals from developing tumor in most A2G m1ce. 

However, Cormack {1970) claimed that cells become less antigenic 

after surface sialic actd on Walker tumor cells was removed 

by neuraminidase. Currie and Ba.gshawe, and. Cormack both used 

neuraminidase prepared from the same source-Vv chole~~~· In 

the comparative study of 1mmunogenic1ty, HC tumor cells which 

were incubated with purified. neur£an1n1clase derived from 

V!- ~lerae were also able to produce tumor immu..111 ty in 'the 

present system. The failure in 1mmunoprotection by the cells 

pretreated wl th neuramlnidase obtained from c. perfrJ.n.mm.§. 

cultures could be attributed to structural degradation of the 

membrane of MC tumor cells. It was found that eel.ls tr~ated 

with this enzyme, lost their viability as assessed by trypa.n 

blue dye exclusion. Cytotoxic. activities of' other contaminant 

enzymes in commercially av1alable neuraminidase including the 

one we used (Q. Eerfringons), have recently been reported 

(Kraemer, 1968). 

As Sendai virus possesses neuramtnidase activity (Sokol 

et al, 1961), one could argue that the effect of viral 

neuram1nidase might .play a major role in anti-tumor lmmuno

protection in; mi.ce treated with virus-fused tumor cells e This 

possibility could be ruled out 1n view of the following find

ings. First, pH of Sendai virus su5pension harvested f1·0.m 

allantoic fluid. of hen eggs usually ranged from 7 e 6 to 7. 8. 

http:perfrJ.n.mm
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After storage in the cold (40C) for 2 to J weeks, the pH of 

the suspension rose to 8.0 to 8.2. The optimal pH for 

neuramin1dase of egg groim Sendai virus was shown to be 5. O 

to 5.5 and very low act1vlty could be found when the pH was 

at or above 7. O. (Toza.wa et ~. 1967). In our cell fusion 

process, pH of virus suspension was always higher than 7.4. 

The reaction of neuraminidase in virus-fused cell 1mmunogen1c1ty, 

therefore, a.ppeared to be less likely. Secondly, the results 

of the pilot and 011e of the controlled experiments indicate 

that v3.rus treated single MC tumor cells with various doses 

did not effectively produce 1mmunoprotect1on against the tumor 

growth in such treated animals. Finally, the immunity induced 

by neuraminidase treated tumor cells declined on repeated 

cha.llengeswhile tha:'c induced by virus-fusecl cells did 11ot. 

As mer1tioned earlier, desp1te the relat1ve ste.b111 ty of 

chromosome pattern in the MC tumor, variability in transplant

able tumor cell population is not unusual (Hauschka, 19.52). 

The occurrence of random fusion betwee11 01~ among tumor cells 

constituted a mosaic type of immunogens wh~1 such fused cells 

were injected into the mice. This probably is an advantage 

with regard to wide spectrum of anti-tumor immunity so that 

no tumor variants could escape from the immm1ological attaolc. 

It must be kept in mind that the response of the body 

to virus-fused multinucleate tumor cells suddenly induced by 

inactivated Sendai virus would be very different from the host 

reaction to established polyploid tumor cells. It he.. s been 
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shm·m that near tetraploid asc1tes cells cler1ved from the 

near diploid cells became more nonspecific with respect to 

host transplantab111ty (Hauschka ~ ~l· 1956: Hauschka and Amos, 

1957). In the preser1t study, MC tumor cells was chosen as a 

model to test the host reaction to polykaryocytes whlch a.re 

potentially polyploid cells. In the former case, it has been 

suggested that diminished antigenicity may ocour by increases 

1n cell volume and alterations in geometry assoeiated with 

increases in ploidy, which may reduce the density of antigenic 

sites (Hauschka and Amos, 195?}. 

Foot-pad cutaneous reactions in mice have beon used as 

indices of experimental delayed hypersensitivity (Nelson and 

Mildenhall, 19671 Wang and Halliday, 1967; Halliday and Webb, 

1969). Our work has shown that tumor speo1f1o delayed hyper

sensitivity and the ability 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 renct1on was established in our system and 

shown to be approximately 1 x 105 cells. In &ddition, various 

forms of tumor antigen preparations were used for foot-pad 

injection. Only living cells were found to give a suitable 

reactio11. Wang's observation on delayed hypersensitivity to 

benzpyrene-induced tumors in rats (Wang, 1968} differed in 

one aspeot from that reported here. She used sonically 



107 


vibrated tumor extracts as eliciting antigens and found them 

effective. In contrast, we found that mechanically disrupted 

cell materials had no significant activity. 

Although the mechanism of antigen transport ls not 

known, regional 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 exhibits may determine the response, 

Particulate antigenic material phagooytosed py primary antigen 

handling cells (macrophages) appear to stimulate immunity, 

while soluble cell constituents which contact lymphocytes 

directly induce tolerance. For the former, the antigen is 

bound non-specifically to macrophage RNA (Fishman and Adler, 

1967.) and transported to a lymphoid cell forming antigen-RNA 

complex and proliferation of lymphoid 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 function seems to fit well with 

current understanding that the potentially long-lived, small 

lymphocyte is not an end cell. The alternative pathway leads 
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to the formation of plasmocytes which engage 111 immunoglobulin 

production. Clues to the mechanisms of rejection have been 

derived from in ~l:Q. studies, though they may not truly be 

parallel to rejection in the body. Experiments i~ vit~~ using 

sensitized lymphoid. cells for cytolysing the target cells, a.11 

seem to require a. close contact between i.mmu11e lymphoid cells 

and target cells (Rosenau emd Moon, 19611 Moller and MBller, 

1965) without involvement of complement (Phillips et~. 1968). 

Takasugi and Hildema1m ( 1969 a and b) suggested that the actual 

immune rejection could involve contact between lymphocytes and 

target cells, bringing IgM antibody bound or free of lymphocytes 

into the immediate proximity of the tumor cells. 

Alexnnder (1967) has demonstrated chemically induced 

tumor regression following injection of immune lymphoid cells. 

The injected immune lympho~"d cells did not reach and exert a 

direct effect on the tumor cells, but settled mainly in lymphoid 

organs end predominantly in spleen in which the lymphoid cells' 

RNA appeared to initiate enhanced host resistance. Recent 

evidence for "immune RNA" in antibody formation and in the 

transfer of transplantatio11 immunity supports this view 

(Sabbadini and Sehon, 1967; Bell and Dray, 19691 Kuecheler 

and Rich, 1969). A number of experiments with solid tumors 

indicate immune lymphoid cells (or their RNA) serve to initiate 

·a process which is then completed by the host (Alexander tl 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 mechanism of immune cell action 1n the adoptive transfer 

of immunity, multiple transfers of immune lymphoid cells 

might be important for the results of our experiments obtained 

using immune lymph.node cells (Table XII). Transferrenoe of 

immune 
, 
cells to the virgin mice should be similar to a process 

of immunization. Nevertheless, the action of injected immune 

cells against asoit,es tumor cells probably operated on a 

different basis, since it has been shown that the direct effect 

of immune lymphoid cells on the as.ci tic .cells resulted in 

destruction of the latter in vivo (Alexander~ al, 1966). 

The ability of regional lymph node cells to oonfer'the 

adoptive transfer of immunity was confirmed by use of graded tumor 

doses for challenge. The number of splenio 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 prod.uced was -comparable 

(Bard tl f!:1., 1969). In the present experiments, the failure 

to demonstrate a complete 1mmunoprotection is not well under

stood, The possible 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 survival· in the spleen treated animals. Moreover, 
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animals giv-en a mixture of immune spleen and tumor cells at 

a higher ratio (lOOil) s~u~vived significantly longer than the 

control animals lnjeeted with tumor cells alone (Table XI). 

In this connection, the.spleen immune cells in the experiments 

could confer a detectable.degree of immunity in terms of 

complete tumor resistance, if lo·wer and different graded tumor 

doses had been tested. 

In addition to the enlargement of spleen and lymph 

nodes, one of the chief charactet"istics of active immunity is 

cell proliferation indicated by lymphocytosis (Takasugi and 

Hilclernann, 1969b; Bloom and H:tld em.?,:~1.n, 1970) • The in ylil:Q. 

induction of transformati.on and proliferation by specific 

antigens might represent an expression of the in vivo delayed 

hypersensitlvity reaction. Lymphocytes obtained from 

lndivicluals who were sensttive to a particular antlgen, such 

as tuberculin, transformed into proliferating immunoblasts 

when exposeel to the same antigen in .Yt!::r·Q. ( Pearmain et .r-:i.l_, 

196); Nills, 1966; Oppenhei.m, 1968). The in vitr9~ prolifera

tion, therefore, L.t9.Y be related to i,n Y..l".,-o func~ic:n. Some 

1mmunologlca.lly comrni t tecl l~nnphocytes (potentlally long 11.ved 

cells) continue their immu:nological role, w1 th rapid trans. . . 

formation into proliferating cells .9.nd presumably antibody 

formatl.on, l.n the eYent. of re-exposure to the antigen to which 

the cells have been CQm!D.itted ( Gowans, rJ.9o2J' ~ It has been 

shown that proliferating blasts ln vitro are cytotoxic to. 

cells again3t wi1ic~1 

http:formatl.on
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1965; M811er, 1967). The cytotoxicity demonstrated specif1

o1ty toward h1stocompatibil1ty antigens of the cells used in 

immunization, therefore, establishing the cell-mediated immune 

respo11se. 

In the present experiment on cellular responsiveness of 

splen1c 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 

!n !1!!:Q. results represent an ongoing immune response in the 

actively i~une mice. This finding is in accord with lympho

cytosis which is assumed to be intimately involved with the 

tumor-specific rejection. In view of results obtained from this_ 

experiment and from the test of time sequence for delayed hyper

sensitivi ty (Fig. J4), onset of rejection must have occurred 4 

to 6 days after the challenge and continued for more than 20 

days. Spontaneous transformation (or DNA synthesis) in vitro 

has also been used as a possible test for homograft compatibility 

(Bach and Hirschhorn, 1964) and fo1~ drug hypersensittvity 

(Caro:i:1 and Sarkany, 1965) based on the absence of spontaneous 

transformation in normal control culture. 

The spleen cells from the immune animals failed to show. 

significant stimulation by PHA at optimal concentration (1125) 

when compared with controls. This can be attributed to failure 

of immune "cytotoxic" lymphoid cells to respond to the non

specific stimulator-FHA (MacLennan and. Harding, 1970), 
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A general decrea~e of 1mmunolog1cal reactivity in tumor

bearing hosts is compatible with the anergy often demonstrated 

in animals carrying experimental tumors (Stjerns't·rard, 1965} as 

well as in human cancer patients (Lamb ~ !!l, 1962; Amos ~ t:il, 

196.Ss Rattler and Amos, 1965; Robinson and ~ochm9:n, 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 immunological commitment 

1n the host induced by the exoess tumor antigens or an immuno

logical deficiency assoc:tated w1th the tumor's rapid growth 

(Smith and Alder, 1970). This has been·rurther explored 

using in. Xit.!,2 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 

immunized with other antigens (Adler, 1970). In combination of 

spleen cell separation and 3H tdr lncorporat~~on assay, the same 

author was able to demonstrate that small lymphocytes (PHA 

reactive oells} in subpopulation of. the spleens of tumor

carrying-mice decreased in their 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 antibody producing cells or their precursors. Furthermore, 

similar changes occurred in the spleen cells of animals immunized 

l'ri th either sheep red blood cells or allogeneic cells. These 

results suggest that decreased PHA reactivity found in the spleen 

cell population of tumor-bearing mice may be related to immuno

logical commitment rather than immunological deficiency. 



The results of iruounofluorescent studies yleld a positive 

correlation of NC tm:mr w1 th the serum obta.ln.ed from lmmune mj.. ce, 

although no attempt Wt=ts ma.de to quanti ta.te the percentage of 

1mmunofluorescent cells. The reaction was specific, as negative 

results were obtained when SP tumor sections were tested. The 

observations are similar to those ol1tained in the studies with 

J-methylcholanthrene induced mouse sarcoma (Lejneva et ~1 1 1965), 

The presence of tumor-sp&cifi.c antigens £:.t the cell periphery 

was demonstrated in th:t s experinent. The ant'.tgens (TST.A. ts) by 

their nature must be loco.lized on the cell surface. It seems 

probable that antigens locc-~ted deep within the cytopl~~sm are 

not effective in eliciting si&rnlfic.ant anti tumor immu..11e response. 

Applications of this technique have produced evidence of the 

presence of circula.ti.ng antibody in the irumme mice, since only 

serum from immune mice gave the posi ti.ve re~;ults.. The studies 

also have shown the site of loca.lizatlon of antigen-antibody 

complexes, which were fou:nd to be in the C(~ll membrane and 

cytoplasm of the turner cells. 

Humoral antihod.y in the immnneserum was also demons·trated 

'by its effect on the enhanced growth of t.reated. MC turner cells 

in the syngeneic recipients (Table X ). The degree of 

enhancement is comparable to that previously reportecl agaJ.nst 

methylcholanthrene induced. sarcoma ta. ( MO'lle:c 11 196Li-r Kclclovsky, 

1969)s· However, a low d.ose of immune serum. did not 1.nhtb.it 

growth of ~ra:nsplantcd tull!or, as obse:-Yet~. by Ko1c1.ovs1~;y- ( 1969) ~ 

At presc~t, we have no satisfactory exp1a:-1n.tj_on for tho 

difference in results. 

http:1.nhtb.it
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Studies of the absorption of agglutinating antisera. 

indicate that sera from immune animals 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

logical enhancement. Moreover, it appears that there is no 

direct relationship between the titers of agglutinin ln sera and 

the degree of spontaneous DNA sythesis j,.n y1tro of splenic 

lymphoid cells in the immune mice. 

Some non-viral fusion agents, namely, lysolec1th1n, 

retinol and sodium nitrate have recently been described (Poole 

et al, 1970; Lucy, 1970; Power eJq,. al, 1970) e Howev·er, these 

agents appear to be toxi<; to the cells, -although they easily 

produce fusion in some types of cells. If cytotoxici.ty of these 

su1,stances could be reduced, 1t ts fea.slb1 e EM1d would be important 

to use such fusion agents t_o investigate the actual mechanisms 

underlying immune reactions in fused-cell exposed animals. In 

such a. system, viral a.ntigenicl ty and viral induced interferon 

could completely be ell~in:ated from the tumor-host interaction. 

Furthermore, further studies uslug. more reft:ned. eE~ll Si3p,9.ration 

techniques and various routes for immunization in nnirnals are 

re~ulred to help our understanding of the role of fused cells 

in anti-tumor 1m.munogenic1ty. It is hoped that research 

along this line will lead. to success.ful approaches to cancer 

imm.unotherapy, 

http:cytotoxici.ty


SUMMARY 

A transplantable mcthylcholanthrene induced mouse tumor 

·was examined by light and electron microscopye Light mlcro

scoplc observations revealed. that the tumor was n sarcoma and 

made up of undifferentiated ansplastic cells exhj~bi ting cellular 

ancl nuclear pleomorphisma. Examination of the tu.:nor ultra.thin 

sections showed that the cytoplasm of most tumor cells uere 

filled with ribosomesc The overall appearance of the tumor by 

119lcctron microsoopic obervations suggested that they were com

posed of one general cell type. The tumor cells were character

ized by stemline karyotypes of .#J chromosomes, including always 

one 01" infrequently two metacentric Jlk'1.rker chromosomes I 

By using UV-inactivated Sendai virus-induced-cell fusion 

techr!ique, a. model system cf anti-tumo:o tmmunogen1.ci ty has been 

_developed, based on the loss of transplantability of the fused 

tumor cells and. resi ste.nce to s:tbsequent tumor cha.llenga in th~~ 

lsologous hosts, A/Jax mice. The nontra:nspla:nta.ble fused tumo::~ 

c.ells serving a.s immunizing doses p:t•oved highly immu.noprotective 

Ln a,n:tma.ls, as they induced heighteneci resistance tc• t:m'bsequent 

viable tumor challengcs11 The immunological reJcction involved 

in this resistance was tumor-specific. Sencla.1 v1.rus treated 

r;~-·~::.gJ.c tu:-ior cells of \7arious doses failed tc protect th':= 

anintEil& fr-om tumor grv:1rth. },_u:i""thermore, the active immuni.ty 
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with those ofother immunizing techniques, namely, by-using 

(-ir~adiated 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 a higher 

level of immunity against tumor challenge. 

The establishment of the state of active immunity in 

fused~cell immunized mice was further suppo~ted by the test of 

delayed hypersensitivity, using an appropriate Viable tumor 

inoouluu·-,:.( 1 x 105 cells). Tumor cells injected into the foot

pads of the activel~ 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 syngene1c miee was also accomplished by the intra.perito

neal administration of cells from lymph nodes. 

To test cellular response of lymphoid cells from tumor 

immune mice, the proliferating capacity of spleen lymphoid cells 

was assessed by tritiated thymidine incorporation !I! 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 ongoing immune response occurred in the immune 

animals which had been challenged 15 days before the tests. A 

similar suggestion could also be reflected by the results of 

rela,tively poor net-response of immune spleen cells to further 

non-specific stimulation by PHA in culture. 

Hu.moral ar1tibody against MC tumor specific antigens in 
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immune animals was demonstrated 1n vitro by application of the 

indirect immunofluorescent antibody technique. Immune humoral 

antibody was also demo11strated '-!! yUQ by its effect on enhanced 

growth of MC tumor cells after the serum incubated cells were 

transplanted into syngeneic 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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