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1.

The Significance of Studies
xith Trapsplantable Tusours

One of the outstanding defeots in the literature on
transplantation immunity is the contradietion and lack of
uniformity in terminologys It is therefore necessary to
start with the definitions of certain terms which have
recently been almost universally accepted (Snell 1958) and

vhich will be used throughout the present work. |

An inbred strain is a strain which results from the
mating of brother and sister for 20 generations or more.

Antotransplant is a graft of the individuals own
tissue and transplanted in the same individual,

Isotransplant is a graft between members of the same
inbred strain.

A Homotransplant is a graft between two individuals of
the same species but who are genetically different,

Heterograft is a graft between members of different

species,

Iso-antigens are tissue antigens which characterise
an individual or an inbred strain fm a genetloally
different individual or another strain., This iﬁ clearly |
a misnomer and such antigens should correctly be called ;

homologous antigens. However the tem iso-antigen has
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been used so long that it is better to preserve it.
(Snell 1958).

Alternative nomenclature is given by Gorer et al
(1961) and is shown in the accompanying table.

Transplantable tumours are elither specific or
non-speoific to a particular strain of animal. This
applies particularly to the mouse where inbred strains are
avallable. The specificity to the strain is in obeyance
to the laws of transplantation immunity as formulated by
Snell (1958), The nnb-spwiﬁo tumours on the other hand
are less exacting and will grow in allen homologous hosts.
The Landschuts ascites tumour is an exsmple of the non-
specifie or homotransplantable tumours. A lot of the
earlier worke on tumour transplantation was carried out
with homotransplantable tumours or with tumours of very
low strain specificity. Though a great deal of
information was obtained the major advances in the problem
of tissue specifigcity had to awalt the development of
inbred strains and specific tumours.

The interplay of various factors, some genetic and
others envirommental, determine the fateof a grafted
tissue., It is therefore necessary to survey the genetio
and envirommental aspects of tissue transplantation.

This will be followed by a consideration of the homograft
reaction and the antigens involved in it, with particular




Proposed revisions of terminology
after Gorer, lLoutit end Micklem

Nouns Adjecotives
|
01ld temms Proposed Alternstive 01ld terms . Proposed t1lternative
New terms lew terms Jew terms New terms.
‘..1"'1 ------ L ]
sutograft autograft - autologous autoplsastie -
autochthonous
1aograft Syngenecie igsogenic isologous syngenecie isogenic
homograft hemo-raft
or grait or < f
Homogrst Homograft - Homologous Allogeneie -
general
sense
Homogreit Allogeneie - - - -
connoting homograft
genetic or graft
diversity
Heterog:-:uft | xenograft Heterospeeific Heterologous Xenagenele Hetzrospecific
graft Heterologous
Interspecific
graft

Heterograft
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reference to transplantable tumours, Finally some
pitfalls and drawbacks in the use of such tumours will be

pointed out.

Mush of the early work on tumour immunity was
concerned with the morphologlcal reactions around grafted
tumours and the induction of resistance to such tumours
(Woglom 1929)e The important role of genetic factors in
determining suseeptibility or resistance to homotransplants
wvas, however, considered in the early part of this century.
Thus Tyzzer (1909) investigated the inheritance of
susceptibility to tumour grafts in mice. He dmonuﬁrated
that a tumour ~rising in the Japanese Waltzing mice grew
progressively in 100% of these mice but in noneof the
common tame mices, The first filial generation obtained
by erossing the Japanese and the outbred mice were
susceptible. The importance of heredity in suseeptibility
of the rat to a transplantable tumour was stressed by
Levin and Sittenfield (1910).

Tyszer (1916) extended his studies with the waltzing
and the common mice further., He found different degrees

of susceptibility of the first filial, second filial
generastions and complete resistance in the backeross
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between the Fl generstion and the common mice, He
soncluded that susepptiddlity or resistance depended on
the presence of complex independsntly inherited umit
fastors.

Flelsher and Loeb (1913) stated thet the differences
in susoeptibility to the growth of incoulated tumours in
various strains of the same species of animals were due to
inheritable constitutional causes.

Little and Tyzzer (1916) using a transplantable
tumour in parental - F1 and F2 hybrid system, thought that
the number of inheritable factors determining
suseeptibility to thelr tumour was between 12 and 14 fastors.

Littls and Johnson (1922) found thet the inheritance
of susoeptibility to implants of splenic tissue was similar
to that of thec Jepanese Waltzing tumouwrs They concluded
",eeeelin all probability suseeptibility to transplambs of
splenig tissue depends on the same general prineiples of
heredity found to apply in the case of tumour tissue,
namely multiple mendelizing fastors®.

The most definite evidense bearing on the problem of
genetios of transplantation of tissue has been obtained
with the use of inbred strain of mice. Frominent recent
investigators in this field are Gorer and Snell. Gorer
(1937 - 1938 - 1942) found that the genes which determine
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the fate of a transplant also determine iso-antigenic
differencess An antigen II, was found to be shared
between erythrocytes of strain A mouse and its fixed
tissues and this antigen was found to be important in
immunity to tumour transplants. The locus of the

histocompatibility gene detemmining this antigen was called
|
Hy locus. This was found %o be the most important locus |

'in detemining the fate of a graft though other loci were

identiftied. Snell (1948) has estimsted the number of i

|

'H looi in all strains of mice to be six or sev.a and

| |
'probably in the neighbourhood of 1i. |

Ag a result of g own contribution and the work of

‘several investigstors, inoluding the pionser work of

'of tissue transplantation. He made use of tvmovy

|
Tysser and Little, Snell (1958) formulsted the genetie laws
|

transplantation in _nbred strains of mice, theirF) and Fp
generations and backervss t¢ either parente Thoese laws

(1) Transplants within a .ingle inbred strain
(1sotranspiants) grow progressively in all
strains,

(2) Transplants between strains (Homoiotpansplants)
do not grow or grow temporarily and then regress. |

(3) Transplants into hybrid enimals where one parent
iz inbred and susceptible grow progressively and
kill all hosts.
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(4) Transplants into Fp mice and iato backeross mice
fron mating ) and resistant parent grow in a
fraction of the hosts onlye. The susceptible
percentege may vary within wide limite according
to the sersin of rice and the tumour employed.

(5) A tumour originating in Fj hybrdd will grov in
all Fy hybrids but not in members of either
parent straine I;c. will grow ln & frection of
Fp snd backeross mice.

(6) A tumour originating in F, or later hybrid
generations will grow in all Py mlce.

A twmour will grov progressively only if the reciplent
earrics certain dominent gencs whioch are represented in
the originsl donor of the umours The number of
dotiinant genes required for the growth of tumours in
several strains has been worked out (lacilowell and Richter
1932, Furth et al 1944, Gorer 1937, 1942). The histo-
compatibility genes, with rare exveptions, determine not
only the fate of a tumomwr homograft but also a homograft of
norusl tissue (Little snd Johnson 1922, Kaliss ani Robertson
1943) .

8o far 4 histocompatibility leci have been described
in the mouse; H) (Snell and Kelton 1953) H,, Hy (Snell et
al 1955) snd a locus susoclited with the Y chromosone
(Elehwald and Silmser 1955)e

The most important locus is the Hp locus which is a
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"gtrong* locus. This means that a graft differing from
the host at the Hp locus will not grow in that host. A
tunour differing at other histocompatibility loci may grow
progressively in the host.

The H, locus was further analysed ani was found to be
quite complex and contains at least 11 alleles (Allen 1955,
Amos et al 1955).

It is vorth stressing that there are some exceptions
to the laws of tumour transplantation. Thus thiro are
recorded examples where an isologous tunour of recent
origin grew progressively in gome of the isologous mice
(fdwards et al(1942) Stewart et al(1947)  Snell (1958)
attributed the fallure of tumour to grow in the strain of
origin to the ocecwuirence of some degree of heterozygosity
in the inbred strain as a result of mutations. He could npt
exclude the possibility of tumour - spesific antigens as
an alternative explanation in some cases. Exception to
the second law of tumour transplantation is the
homotransplantation to the so ealled privileged sltes like
the eye and the brain. It is kmown that transplants in
these sites will grow even in the presence of major
differences in histocompatibility. An important exception
to the trangplantation laws are the homotraqulantahle or

non-gpeeific tumours which grow in several alien strains.

In sumery then the fate of a tunour homograft is




determined by genes which control the iso-antigenie
structure of the tumours The most important of these
genes is the Hp locus. Imeompatibility reasstions occur
vhen any one or more of the histocompatibility alleles
present in the donor is absent in the host.

Although the genetic differences between a tumour and
the host are the most important factors in detemmining the
suecess or failure of a tumour graft there are other non-
genetic faotors vhich are of considersble importance.

Thus the site of tumour inoculation as mentioned sbove is
important. The volume of tumour inoculated is also
importante Thus Klein ot al (1950) working with the
Ehrlich ascites tumour found that 400,000 eells were the
minimum number required to produce growth in 100% of mice
inoculated. Tven with isotransplants the dossge of the
inocculum is eriticals Gross (1943) used a chemicslly
induced sarcoma in the seme inbre! strain and showed that
the ineidence of regression was inversely proportional to
the inoculated doses However, Furth and Kahn (1937)

were able to transmit a leukaemis with a single eell.

The age of the tumour used as a sourece of the inoculum

may also be important. Thus Zahl and Drasher (1947) found
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that with sarcoma 180 the optimal time for obtaining
the most viable cells was from 7 day old tumours. These
cells yellded better growths than the cells from a 2 or 12

day old tumour.

In any work involving tissue transplantation the
degree of maturation of the host’s immune mechanism is
important.s It is well established that tolerance to a
foreign tlassue may be sequired by mammuals in utero or in
early nconatal life. Thus the age of the host nay alfect
the fate of a graft. Gross (1950) showed that a
leuksemia of A K origin did not grow in 2«6 months old
C3il mice while growing in 97% of C3H mice 1=7 days old.

The transplantation of endoerine tissue can be nore
exaoting in its requirements. There is some evidence for
example that the transplents of tl;a thyroid and the adrenals
are fasilitated by deficiency of thyrcid and adrenal
ticsue respestively. (Ingle ani Cragg 1939, Ingle and
rg{ggins 1933)e This perhaps depends on the inerease in
the pitultary stimulating homones in thyroidectomised or
adrenalectonlsed snimals, A similar homonal dependence
may explain, at least in part, differences in growth of a
given isoclogous tumour in animals of different gexes.
Thua Foulds (1947) found that mamnary tumours originating
in fennle mice grow better in females than in males of

that straine The growth of the tumour in the moles was
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improved by the administration of ccstrogens,

Since the beginning of this century 1t was
established thst unier certain circumstances animals could
be rendered resistant to transplantable tumourss It was
demonstrated by Paul thrlich (hat, with a few exceptions,
animals besring o trensplantsble tumour were immune to
further re-inoculastion. Clowes (1905) showed that mice
in which a homologous tumcur had regressed were Lmmune
sgainat re-inoculstion with a homologous tumour. Russell
(1912) inoculsted mice with a transplantable tumour,
slloved the tumour to grow, then exélsed ite After an
intervel he re-~inoeulsted the mice with this tumour.

He found thet !n the czse of two tumours, this
procedure did not Lmmunige the animels but with a third
neoplasm there was 2z regression of the re-incculsted
tumour in the majority of animals. Gay (1909) found
that rates bearing an early growth of Flexner Jobling
sarcoma were immune to re-inoculation of that tumours.
flaalend (1910) was asble to imsmunize mice ngsinst a

transplantable tumour by ;re-treatment with living embryo

tissue. Many of theso carly workers tried to
immunize snimals egainst transplantshle tumours, through

. pre~treatment with killed tissues. Several vere
|
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confronted with the surious finding that animals thus
treated were rendered hypersusceptible to tumour re-
inoculation (Flexner and Jobling 1907, Haaland 1910,
Leitch 1910)s Thus arose the idea that dead tissue
could not immunize and thist living tissue was necessary.
This early peried in the history of tumour transplantation
msrks the birth of some fundamental concepts which led

to the recognition of the homograft reaction and the
second set response, The bagis for the important role af
the lymphocyte in homograft destruction is to be found in
the pioneer observationsof Wade (1908) and Da Fano (1913
The sciensce of immunogenétiecs stems from the fundamental
observations of Tyzzer (1909), The phenomenon of tumour
enhancement, the mechanism of which is still controversial,
was first deseribed by Flexner and Jobling more than half a

century ago.

Although authors at that time wrote about natural
immunity and "conoco mitant immunity" to tumour graft very
little was known about its nature. However several
hypothesis were put forwarde Thus Paul Ehrlich (1906)
introduced the theory of athrepsia to explain the
mechanisn of homotransplant rejestion. This theory
supposed that the unsuccessful graft was unable to obtain
from the host essential nutrients. This theory was
attacked by Ehrlich's contemporaries (Haaland 191} and

Bashford and Russell(1910C).
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Ieo Imeb (1917) explained the homograft rejection on
the theory of individuality diffarmt;ala. According to
him each individual had peculiar charscteristics of a
chemical nature in his tissues and body fluids. When
tissues from an individual were frmaplanted to a foreign
host the individuality characterstic of the graft evoked
a host response which was mainly lymphoeytic. The host
individuality differential was toxie to the graft.

Yet other workers like Russell (1908) were impressed
by the faet that a transplantable tumcur in resistent host
was not furnished with stroma and blood vessels neccssary for
its nutrition and explained homograft resistance along thfs‘
Jin.e.

Several workers thought that immunity to a grafted
tumour was similar to that of baeterial infeotion. This
is shown by early attempts to discover antibodies in
grafted animals. Michaelis and Fleischmann (1905)
demonstirated a haemoly Lic "aniibody" produced by inoculating
mouse liver cells in heterologous hosts; this antibody wag
bound by liver cells and mouse carcinoma and they concluded

that these had common regeptors.

Lambert (1914) found that a serum prepared in the
guinea pig cgalnst rat carcoma was toxic to tumour cells

in cultures. A serum prepared in the guinea pig against
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rat embryo skin was olso toxie to the tumour. There is
no doubt however that these early workers were preparing
antissrum to specles speelfic antigens. Lambert and Hanes
(1911) found that the growth of a rat sarooms 1n vitro was
not inhibited by serum from tumour bearing rats.

There were several attempts to discover the nsture of
the immunizing antigen and its distribution in the tissues
of *he homologous host. Bashford (1913) concluded that

| all tissues could irmunize but embryo skin produced the
highest degree of immunity. Itami (1926) concluded that
there were some variations in the immuniszing power of
tissues derived from the different gem l: ars, He also
showed thst the immunizing power of the blood was due to
the wvhite cells. Aocording to several reports living
tissue was necessary for immundsation (Haaland 1910). There
were several conflioting reports as to the effectiveness
of killed or disintegrated tissue as opposed to living
tissue in producing immunity. The work of later authors
like Barrett (1958) and Eeliss (1957) are significant.
Barrett found that homologous blood oould induse resiste
ance against isologous tumour and that both the white cells
and red cells were effeotive in induoing immunity., The
presence of intast or minimally injured red cell ghosts
was necessary for indueing the resistance. He concluded ;

| "some degree of architectural integrity was required for |
the effective astion of this antigen". Disintegration of
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tumour cells prior to inoculation robbed them of the
immunizing effect. Algire et al (1957) showed that the
implantation of homologous tissue in cell impervious
filters prevented the development of immunity probsbly
because of the fact that a cell frapment of the required
size did not reach the reactive centresz of the host.
However Kaliss (1957) found that the immunizing power of
lyophilized tissue depended on the dose. Large doses

produced inhibition while smell doses abrogated the tumour

immunity.

The work with transplantable tumours continued and
workers reslized that the immunity to homotransplantable
tumours was non-specific (Adervont 1932)e The later
workers utilized inbred sirains and emphasized the
speeificity of the resetions with such strains. Thus
Levis (1940) tested immunity to tumours induced in these
different strains of mice and found the immunity was
strain specific. I{ox:g_ever 2 tumour arising in one strain

of mouse could immunize sgainst anothar tumour arising in

that strain. The specificity of the homograft reaction ta

normal tissues was demonstrated by VMedawar (1944).

Cellular and Humoral Factors
in the Homograft Resction.

As a result of advances in immunogenetics and




improvement in serological methods great advances were
made in the study of the homograft resetion. It is
now known that the reaction depends on 1so-antigenie
differences between the host .31 the graft. These in
turn are determmined by histocompatibility genes and the laws
of trengplantation immunity hold true for normal as well as
tumour tissue. Gibson and Medawar's observation (1943)
that a second graft was destroyed more quickly than a first
graft was confirmatory evidence that the homografll resection
was immunelogleale This phenomenon was known as the
second set response. Iumsden (1938) and Gorer {1937-1933)
had already demonstrated the appearéme of heemagzlutining
in the sera of animals in which an.ineompatible graft was

regressing.

The assoelstion of lymphooytes with homogr:{t
destruction was known for a long time (Wade 1908, Da Fano
1912,  ¥urphy 1926)s The work of Murphy is particularly
importants He first observed that heterotransplantation
of mammalian tumour was succesaful in the avian embryo in
the first few days of its life only. He transplanted
tumour with adult chicken tissue to embryos and found
that adult spleen and marrow were effective in destroying
the tumoure Other adult tissues had no effect on the
tumour. Further experiments showed that when the rat
Iymphatie tissue was depleted by x-rays chicken and

nouse tumour grew progressively in the xeray treated rats.
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It was the investigation of Mitchison (1953, 1955) and
Mitchison and Dube (1955) that elearly showed the importange
of the eellular response of the host in homograft immunity.
These workers showed thalt immunity to a tumour homograft
could be transferred by lymph node eells draining a

regressing graft. Serum or whole blood failed to transfex
such immunity. The sera however contained haenag:lutinins
directed agsinst the red cells of the original donor of

the tumour.

Potter et al (1938) found that mice eould be inmuniged
against a transplantable leukaemia. The spleens and
livers from such onimals could transfer this immunity to

unimnuni zed members of the same strain.

Further studies by Mitchison (1955) have shown that the
transfer of the immunity by lymph node cells was specific.
By transferring the lymph nodes at intervals after tumour
grafting the time of appearance of the immunity was
studieds It was found *h et +heoro was no activity in lymph
nodes taken &3 days, that the activity was maxinal at 5

and 10 days but then disappeared at 15 and 20 days.

The work of Weaver et al (1955) with tumour grafts in
diffusion chambers also stressed the important role o
lymphoid eells in homograft immunity.

What is then the rel#\re gignificonce of humoral
antibody and cellular factors in homograft rejeotion?
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Brent, Brown and Medawar (1958) stated "the evidenee in
favour of the cellular hypothesis is partly direet and
partly eircumstantial; much of it is evidence against
the participation of serun antibodies rather than evidence
which demands the acceptance of a eellular hypothesis in
its own right". [Leukaemic homografis were inhibitéd by
ﬁasaive transfer of an entiserum prepared in alien host
(Gorer 1942). The problen of homograft immunity was
however further complicated when it was discovered by
Ealiss ?md Molomut (1952) that under certain eircumstamces
the passive transfer of antiserum produced enhancement of

tumour growth.

It is well to remember that the lymphocyte does not
play the deminant role in the destruetion of all tumour
grafts. With some tumours, particulerly the ascites,
sarcomas and lymphomas, hisliocytes appesr to be most
importent (Amos 1961, Gorer 196}, Baker et al 1962).

The homograft reaction is quite complex and perhaps there
is an interplay of sever:l [wuiorc. /8 fAmos (1962) has
{ pointed out "Many differer. antibodies and several tppes
of immune cellsworking ageinst a background of varisble
accessory factors fomm the variety of responses that

comprise "the homograft recaction". |
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A question of fundamental importance in the biology
of the neoplastic process is that of the antigenic stiuo-
ture of the neoplastic cells A tumour cell contains
several types of antigens; species specific, strain
spesific and organ specific antigens. The assosiation of
viruses and other infecting agents is an additional
complication especially in the case of transplantable
tumours. Whether a tumour c¢ell contains antigens which
are lacking in the tissues of the host or a "cancer
specific antigen is a debat:able point. The literature on
this issue is quite extensive and full of contradictions.
A great faﬂaﬁy stems from the failure to recognize
transplantable tumours as experimental models quite
different in many respects from spontaneous tumours.
Woglom (1929) reviewed the literature on tumour immunity
and remarked *The tumour problem in brief is a tissue
problem, resistansce being directed against the tumour graft
as a strange tisaua)nerely? and not connected with any
neoplastie qualities which the graft happened to possess".

The most significant evidence for the existence of a
tumour specific antigen would be the demonstration of
immunity to a spontaneous or indused tumour in the
individual of origin of that tumour, or failing that, in
the lsologous inbred strain, There are several reports
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| that this has been achieveds Thus MacDowell et al (1934) |

used small inocula of a transplantable leukaemia and
succeeded in inmunizing the isologus strain of aice
against subsequent challernge with large inocula of the
same tumour. Thelr tumour however had been transplanted
over 4OC times, A similar but wesker immunity was

reported by Marshek and Erf (1941) for a transplantable

| tumour of strain Strong A origine The tumour had been

|
transplanted for 40 generations. Gross (1945) ‘

' immunized C3H mice ageinst a sarcoma (Sa T) that hed been

differences hctween them and the alien hogt have already

| been summarized above. Dulaney and Arnesen (1949) found

chemically induced in that straine The immunity was
apparently specific since mice immunized agains Sa I were |
quite suseceptible to other induced and spontaneous tumcurs J
of the same strain. He concluded thet the immunity . |
acquired against tumours was directed specifically against
the immunizing tumour and was not caused by genetic
differences between the cells of the host and those of the
animal in which the tumour originateds The view that
transplanted tumours are homografts and the the rules

governing their fate are dependent on iso-antigenie

that an antiserum prepared in rabbits against a mouse
leukaenia was much more effective against it than sera
prepared against normal mouse tissues. lirgester and

Fisher (1954) confimed the findings of Dulaney and
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Arnesen.

[ Several workers have reported the existence of a
specific antigen in malignani tissue by using in vitro
serological methods. Thus Kidd (1940) reported the
existence of a distinctive substance associated with the
Brown Pearce rabbit carcinoma, This substence was capable

of fixing complement when extracts of the tumour were mixed
| with the sera of certain rabbits bearing the tumour. The I
entigen was absent from extracts of nomal rabbit tissues.
This was confirmed by Ellerbrook et al (1952). Jacobs
and Houghton (1941) found doubtful results with complement
fixation tests carried out with sera of -nimals bearing
the Brown earce tumour and extracts of that tumour.
Hoyle (1940) showed that an alecholiec extrsot of three
mouse neoplasms fixed eomplement when mixed with the sera of
In:i.cm bearing those tumours. The antigen from the tumours

|was lipoidal in nature and though the antigen from
idiffarant tumours was closely allied, it was absent from
normmal mouse tissues. Hoyle however was not able to find

a distinetive antigen in three sponteneous mouse neoplasms.

Other methods were devised to detest tumour specific
antigens. Thus the method of anaphylaxis following

desensitization was useds The prineiple underlying this
method 13 to render guinea pigs sensitive to a micleo-

i
protein fraction obtained from a tumour; the animels are

ithen completely desensitiged by the intravenous
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administration of nomal tissues. The desensitized
animals are then challenged with a mueleoprotein from
the tumour tissues An anephylactie reaction indicates
the presence in the preparation of the tumour tissue of
an antigen vwhich is lacking in the normal tissues. The
results of the application of the method to different
tunours are sunmarized by Zilber (1958). Several workers

demonstrated specific tumour antigens using this method.

Suffice it to mention at this point that Fink et al
(1953, 1955) sensitized an inbrei strain of mouse to a
transplantable tumour thst arose in that strain. VWhen
the gensitized mice were challcnzed with tumour tissue
they responded by a state of shock.

A major eriticism of most of the fore-mentioned work
is the faet that the tumours used had been transplanted
for several generationse This may lead to antigenic
changes in the tunour eells as was discussed aboves The
second oritieism is the fact that inbred strains may
develop some degree of heterogygosity (Snell 1958) Thus
ce a result of a change in the tumour, the inbred strain
of both a previously genetically compatible tumour may
become different from its host. This may wrongly be

thought a cancer antigen.

Gorer and Amos (1956) produced passive immunity

against the iaologils C57 Bl leukosis KL/ by the use of
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iso=-immune sera prepored in foreign strainse The possib-
ility that the antiboly was directed against iso-antigens
was considered. It was found that absorption of the
antisera with C57 BL liver did not remove the antitumour
effects Absorption with ELL tissue however removed most
of the activity. The antigen present in EL4 and absent
in normal C57 BL tissue was termed x antigen. Amos and
Day (1957) demonstrated x antigen in three different
mouse leukosess They could find no erxuss recstions
between the different x antigense The tumours used were
however old transplantable tumours and the possibility that
the x antigen was a product of mutation in the tumour could
not be exeluded., Gorer et al (1962) made further studies
of x antigens in chemically induced and spontaneous
leukaemias of recent origin. The x antigen was again
demonstrateds They concluded that the x antigen was either
a distorted product of a normal cell found speecifically
in leukaemic +i:~ug or it might have represented a

quantitative inerecase in nommal cell antigenic component.

Davies (1963) showed that purified mouse histocompatibilit
antigens prepared from leukaemic cells, carried the
specificity of the x antigenes The active immunity produe
in the mouse against the isologous leukaemia was very weak
and "was insufficient to establish active immunity by

x specificity"s Klein ot al (1960) produced evidence for

the existence of antigenic differences between chemically
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induced tumours and their primary hostss The induced
tunour was operatively removed from the primary host and
maintained in isologous mices The primary host was
treated with its own irracisted tumour cells, followed
by a challenge with viable cells of the same tumour which
had been maintained in isologous hosts. The resistance
was however relstive rather than absolute and broke

down when the dose of viable cells was progressively
increasedes It is reascnable to conclude that with the
chemically induced tumcours and certain spontaneous leuk-
aemias there is an antigen which is absent from normal
tissues. With other spontancous tumoursthc existence of

- tumour specifie antigens is doubtful.

It 18 clear the' <raunsplantable tumours are
essentially homografts. Compatibility between the graft
and the host occurs when both have the same genajdetmined
iso-antigenss This statement, however, needs |
qualification in the case of the non-specific or horo-
transplantable tumours which required the ability to grow
across some degree of genetie non-identity ie.e. in alien

homologous hosts.

" Several hypothesfs have been suggested to explain the

!

s o)
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lack of strain specifieity of homotransplantsble tumourse
One possible factor was that these tumours had lost
speeific iso-antigens. It was thought that the
simplified antigenic composition of the tumour eells was
produced by a echromosomal imbslanee.  (Hauschka and Levan
1953). The strains specific tumours were found to be
composed of a near diploid chromosomal ecomplementj the
homotransplantable tumours had modal numbers near the
tetraploid region. Although strain speeific neoplasma
were composed ofihearﬂiploid nunber of chromoscmes, it was
shown thsat most contained sbout 5% tetraploid cells.
(Hauschka et al 1956). Oecasionally a spontaneous
change occurrad in the tumour and the tetraploid cells
formed the major part of the tumour. Such tumours lost
their strain speecifieity. The change could be induced by
growing a tumour in gn allen host. Under these
ecircumstances the heteroploid cells were st =n advantage
bacause of the loss of speﬁific isc-antigens. They were
therefore immunologically selected. Hauschka et al
(1956) studied the 603 Ihw nseites lymphosarcoma (of C3H
origin) and three sublines of that tumour. They showed that
the parent 603 HED tumou; was strain speeific, was highly
virulent and its chromosome number wss diploid. A subline
was adapted in DBA/2 mice and this was shown to be less
virulent and its chromosomes were near the tetraploid

number,
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It is well known that the Hp locus in the mouse
determines the iso-antigens of the tissues of the mouse
as well as the antigens of the red cellc. (Gorer 1938,
1942). Thus when tissues of a mouse Aare injected in a
genetically different mouse B haemagglutinating antibodies
are produced which are absorbed speeifically by A tissues
(including tumours of A) and which will agglutinate A red
blood cells. Jmos (1956) showed thst diploid tumours of
2 given strain of mouse were more effective in absorbing
haemagglutinating sera sgainst thet strein than tetraploid
tumours. This is in support of Hauschka's idea of loss of
antigens in tetraploid cells. The nsture of the change in

tetraploid cells is unknown. It is to be remembered that

homograft immunity is largely influenced by Hp antigens
present on the eell surface. Hauschka et al (1956) i
accordingly put forward the possibility that in polyploeid
cells there was a erowding out of thi};{:ng antigens on

the cell surface by other wea':~r antigenss This "erowding
out" wss due to the chromosomal imbalance in the polypleid |

cells, Other possible explanations were mentloned but

could not be excluded.

Feldman and Sachs (1957, 195¢) have challenged the
immuncseleetion theory advanced by E&uac;hka to explain
the homotransplantebility of tumours. They used
three tumours, 6C3 HEJ, MCIM and MC1A which are tumours of

gtrain C3H mice but which showed different degrees of




| of red cell agglutinins that the two sublines had lost some

' of their agglutinogens. Though some antigenie components
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homotransplantabilitys Foreign strains challenged with
these tumours produced antibodies that agglutinated C3H
erythroeytese They proved that the intensity of
haemagglutinin production by & forelgn host challenged with
a tumour was directly proporticnal to the intensity of the
immunity as measured by the degree of host resistance to
tumour homografts Using these eriteria they found that
the homotransplantable tumours produced a stronger degree
of immune response than the strain speeific tumours. They
thought that this was evidence against the theory that
homotransplantable tumours were of low antigenicity. On
the contrary they produced data which proved that
homotransplantable tumcurs elicited a strongef homograft
response than strain speecific tumours; but they were able
to resist the reaction they eliciteds They attributed
this to the fact Lhat non-specific tumours emitted a
greater quantity of extra-cellular antigen which was able
to neutralise "antibody® recponse before it reached the
tumours eells. Feldman and Sachs (1958) eompared the
immunogenetics, transplantation immunity and chromosomal
structure of the strain speoifie 6C3 "D tumour and two
sublines which were homotfansplantable and adapted in

other strains. They showed, by the differential absorption

of the Hy antigens were not represented in the alapted




| tumour cells, the total haanagglutinin response was not

| reduced. With some further experiments they showed that

. was regularly produced znd after only a short residence

the homograft response elicited by the sublines was

o
strgnger than that eliciteu by the original tumour.

Barrett and Deringer (1930, 1952, 1953), described a
form of decreased specificity in a tumour which wag differ-
ent from that deseribed by Hauschka. A mammary carcinoma
of C3H origin was transplanted into Fj hybrid, (C3H x

resistant strain). When the tumour was transferred from

the Fq hybrid to the backeross between the F1 hybrid and the

resistant parent there was an increase in takes. The change

could always be produced when the tumour was passaged in
Fq hybrids in 2 total of more than 20 attemptse. The
increased transplantability of the tumour did not extend to

foreign genotypes and there was no ehenge in the invasive-

ness of the tumour. A change occurring in the tumour as &

result of passage through the I’ hybrid animal is known

as the Barreti-Deringer phenomenons

Klein and Klein (193%6) investigated the nature of the
Barrelt-Deringer adaptation. The; attributed the
phenomenon to c¢ellulsr adaptation induced in the tumour in
the environment of the Fj hybrid rather than to a
selection of pre-existing cell variants with decreased
antigenicity. They based thelr argn ment on the fact that

the change occurred in the completely susceptible Fl host,




. a strain C5H lymphoma to adult Swiss miece by inoeulsting
. the tumour first in Swiss embryos. 4n important
. phenomenon which should be mentioned here is that of

. It is possible that different factors operate in different

' tumour host combinations.-

tunours tended to have & longer incubation period, and the

incidenece of regressions was higher than in uninfected

- or fungal in nature. Basterial infeection in mouse
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theres

There are several other reported and apparently |
different methods of deereasing the specificity of a
tumoure. Thus Koprowski (1955) induced an adaptation of

immunological enhancement of tumour wvhereby a strain
specific tumour is made eapable of growth in a genetically '
different Lost (Kalissl1958). This phenomenon will be

discussed in a later chapter.

It is olear that the loss of strain specificity is a

complex problem which can be preduced in a variety of ways.

Infection. ;
’rransplantabie tumours form a rieh soil for the '

'|
. growth of infecting agets. These may be bacterial, viral|

|

neoplasms was studied by Eisen (1936) and Schrek (1936).
The latter author found that infected transplantable
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tumours. Koprowska and Koprowski (1953) had demonstrated
that transplantable tumours were good media for the growth
of virusess They studied the effect of 12 viruses on the
Ehrlich sscites earcinoma. Some viruses were found to
produce a marked inhibitory effeect on the growth of the
tumour. Other viruses failed to multiply in the tumour
and had no effect on its growthe A third group of
viruses, however, multiplied in the tumcur cells but did
pot change its growth characteristics. Pearce and Rivers
(1927) investigatel the éffact of a filtrable virus in
the Brown Pearee tumour, on the host's response to that
tumour. It was found that = more severe disesse developed
in the rabbits which were inoculated with a virus-bearing
tumour, then in those that were inoculsted with a2 virus-
free tumour. They suggestc! that the inereased malignancy
in the former group was due to altered host response to the
tumour ss a result of the viral infeetion. De Bruyn
(1949) deseribed a virus contaminsting a transplantable
lymphosareoma. This virus did not alter the growth of
the tumour. Taylor and VaecDowell (1949) also deseribed
a self reproducing agent, which they thought was a virus
in a much transplanted mouse lcukoemiae As Klein (1959)
has emphssized, viral contaminstion may "complicate the
results and interpretation of many studies on the growt,
biochemistry and ultrs strueture of neoplastic cells,

They may also lead to abnormal sensitivities to drugs or
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other forms of treatment¥.

) e chara £ .

There are many well documented cases where a physic-
logical or even s morphological change in a transplantable
tumour hed occurred. It would therefore be unsafe to
assume a uniformity in the hiological behaviour of a much |
transplanted tumour. The changes in the antigenic |
structure have already been mentioneds It is well to
emphasize agaln the fact that transplantsble tumours are
made up of a heterogenciie population of cells end under
certein eireumstances certain types of cells mgy be
selected. For example Mottram (1936) found that
different parts of 2 tar induced mouse papilloma produced
strains of different rates of growths. Peacock (1964)
produced three homotransplantable lines of tumours from

different parts of the same spontaenecus mouse tumour. The

three lines showed completely different morphologies.

It is in the light of the facts mentioned in this
introduction that I intend to interpret the experimental
results obtained from studies with the Landschiitz aseites

tumours. Since this tumour arose in outbred mice and

dme it was transplanted as sublines in different
iaboratories, its antigenic composition is unknown. It
falls in the category of homotransplentable tumours and is

therefore subject to the pitfalls mentioned earlier. Itsy
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main advantage is that it is convenient to work with and
the dosage is easily controlleds The study of tumour
enhancement which will be mentioned in a later chapter,
was quantitatively detesnined because tumour growbth eould
be accurately assessed by eell counts and hsemstoerit
readings. 'I'his is possible only with ascites tumours.

I regard the Landschutz tumour as a homograft differin
from homografts of normal tissue in its higher degree of
growth potential, It has been used in the present work
as a convenient experimental model to study the physiology
of graft - host relationship and the biology of eell death
using immunological methods.
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The Landschiitz asoites tumour is a transplantable
mouse neoplasm that grows in several strains. It arose
spontaneously in a strain of Rockefeller white mice and
| was subsequently propagated by Landsehutz in outbred mice
and described as a reticulum cell sarcoma (see Tjio and
' Levan 1954 )« The latter authors made a careful and
| detelled study of the chromosomes of this tumours They
noted its resemblance to the Ehrlich carcinoma and thought
that the two were relateds The Landschilttz tumour, however),
is not as haemorrhagic as the Ehrlieh carcinoma and is
widely used for experimental chemotherspy. When the ttmoﬁr
is inoculated in the peritoneal cavity it produces a
progressive accumulation of aseitic fluid and in about
7«12 days, depending on the dose inoculated, there is a
visible abdominsl distension. The ascitie fluid is rich in
tumour cells. Its protein content is high and will clot
spontaneously outside the body. The mice bearing‘tmour
in their peritoneal cavity invarisbly die with aseites.
The survival time depends partly on the strain of mouse.
When the tumour is inoculated in the subcuteneous tissues
it grows in the solid form as sheets of highly anaplastie
cellss The morphology of the tumour will be described in
the chapter dealing with the pathology of the Landschutz

tumour.
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Despite its progressive growth in several mouse
strains, the Landsehutz tumour is antigenically different
and elicits a host reaction of varying strength depending
on the strain in which it is transplanteds It will be
seen in subsequent chapters of this work that DBA, strain
of mice are more reslstant to the tumour than A/Jax strain.
The latter are more resistant than outbred mice. In this
chapter evidence is presented for a host reaection during
the progressive growth of the tumour in the inbred strain
A mouse. The evidence is based on a study of the

morphology and funetion of the lymphoreticular tissue of

| mice bearing the tumour. Changes in the weights and

histology of the lymphoid organs of the hosts were
followed as the tumour developed. These were correlated
with the phagoeytic function of the reticulo-endothelial
system as measured by the rste of clearance of intra-

venously injected colloidal carbon.

Yaterigl and Methods

Mice; 4 100 A/Jax (Porten) and 200 A/Cum (Cumberland
Farms) sublines of the inbred strain A mouse weighing

16=18 g« were useds

Propagation of tumour; the Landschlitz ascites tmour:

was maintained in an outbred but elosed colony of white




| then it has been maintained within that strain by weekly

- heenatological investigation as described below. 2
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mice for four yearse The tumour was first introduced intg
A/Jax mice in December 1963 from the outbred mice. Since

transfer of fresh ascites fluid in a volume of 0.1=~0.5 ml.
The A/Cum mige were always inoculated from tumour
naintained in A/Jax mice,

Tumour for inoculation into experimental mice was
colleoted from ascitic stock mice under sterile conditions
and added to 5 ml. of heparinized tissue culture medium
199 ( Glaxo- Laboratories.). It was then filtered
through 3 layers of sterile gauze and the mumber of cells
in the filtrate counted with a hgnooytometer. Appropriate
dilutions were made with medium 199 and the required dose
was administered intraperitoneally in a volume of 0.l or
0:2 ml. or in some experiments subcutaneously.

Changes in the organs of mice bearing tumcuv; 60
A/Jax mice were inoculated intraperitoneally with a dose
of 105 ascites cells. The animals were weighed every 2
days and inspested daily for ascites. /fscites was
indicated by an inorease in welght of 3 g« over a period of
2 days or by visible abdominal distension.

Groups of mice were sacrificed at 5, 10, 20 and 25
days after tumour inoculation. The animals were first
bled from the neck vessels and the blood was used for
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detailed autopsy was then performeds The spleens, livers,
thymuses and adrenals were welghed and fixed in neutral
formol saline for histological examination., Splenie

dabs were made, fixed in formol aloohol and stained by the
Unna Pappenheim methods Some animals bearing the tumour
were allowed to die naturally and the organs were inspected
and weighed at death. The carcass weight was compared
vith the initial weights

The effeet of the site of the tumour growth on the
host response; 7 A/Jax mice were inoculsted subcutaneously
in the right flank with 10’ ascites cells in o.l)"-;ohme.
The fluid was cultured aerobically and anaerobically on
blood agar plates. Six days later the animals were
sacrificed; the regional lymph nodes, spleens and loecal
tumour were removed and fixed in neutral formol saline for

histological examinatione

Estimation of the phegoeytic funstion of the reticulo-
endothelial system in mige bearing the Landsehutz tumou ;
| following the inoculation of 10° ascites cells I-P. in
25 4/Cun mice the phagooytic function of the reticulo-
| endothelial system was determined by the carbon clearance
method (Biozzi et al 1954 )« Colloidal ecarbon (Cunther,
Wagner, Hanover) was injected intravenously in a dose of
8 mg/100 ge of body weight. Samples of 0,025 ml. of blood
were removed from the retro-orbital venous plexus at 3
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| minute intervals over a period of 15 minutes. The blood
was added to 2 ml. of distilled water. The samples were
read in an E.E.L. colorimeter using a red filter; the
optical density is direetly proportional to the concentration
| of the earbon. The log of the optical density (log C)
was plotted against time on crdinary graph paper. The

| slope of the straight line thus produced is the phagoeytie
co-efficient K and is given by the formula

log G! - log 02
= T = Ty where

C = concentration of ocarbon in the bloed and T is the time
in mimites.

The intravenously injected carbon is removed mainly
by the macrophages of the liver and the spleen. To avoid
variation due to the size of the animal the corrected
phagooytic co-efficient - was calculated from the formula

3
o = \Jxxu—-m where

W = body weight and WIS is the combined weight of the liver
and the spleen.

Determination of the correct value of K in ascitie
f mice; Ascitic mice were injected with an overdose of carbok
| saloulebod 2ot ‘the oonblnad BeSy VLght WA aseStess VHel
the mouse was sacrificed the peritoneal cavity was emptied
of fluld and the carcass weight was determined; the
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corrected value of K was calculated from the formula

lem’g

K = W where
Ky = phagooytic co-efficient as caloulated for the asecitic

mouses W = carcass weight.

Phagoeytie function in 1/Cum mice bearing tumour but

| treated with immune isologous spleen cells; the phagooytic

. funetion was determined in the following groups of mice.

(1) 15 mice bearing 10° aseites cells but treated
with 500 x 10° 1sologous immune spleen cells
48 hours later, The spleen cells were derived
from mice that had been inoculated with 10°
tumour e¢ells I«P. 10 days before. The method
of preparation of the spleen cells will be
described in the next chapter.

(2) 13 mice inooulated with 500 x 106 immune cells
only. This group will be called treated controls.

(3) The phagosytiec function in the above two groups
was compared with that of normal 4/Cum mice,
This grour will be referred to as nomal
controls.

The spleens, liver, thymuses and adrenals from animals
used in the carbon clearance experiments were weighed and
examined microscopicallye.

Haematological changes in mice bearing tumour; A4/ Jax




‘and total white blood count and differential were deter-
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nice were Lnooulated with 105 ascites cells I-P., bled

and saorificed at 5, 10, 15, 20 and 25 days s described
aboves The blood was added to 0.025 ml. of heparin and
the haemoglobin, total red cell count, packed cell volume

mined, Similar <stimations were done on 3-5 normal
control animals included with each group of test mice.

The haemoglobin was determined by the oxyhaemoglobin
method using an EeE<Le oolorimeter with a green filter.
A standard haemoglobin curve was construsted by plotting
the optical demsities of different dilutions of pooled
normal blood from 10 normal mice. All haemoglobin
estimations were read on this curve and the values of test
and control animals for each day were compared.

The P.C.V. was determined in mioro-haematoerit tubes
centrifuged at 4500 R.P.M. for 45 mimutes.

Coombs' antiglobulin test; /értiglobnlin serum.
Rabbit antimouse serum (WelleomelLabs.) was absorbed with
an equal volume of packed mouse red cells which had been
washed th:ee times in physiologiecal saline. Absorption
was carried out at 37°C for 60 mimtes, Normal A/Jax
mouge red cells or cells from animals bearing tumour were
washed three times in normal saline. The cells were
packed by eentrifuging at 3000 R.P.M. for 10 minutes and

made to 10% suspension in normal saline and were then ready

o/
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for use in the antiglobulin test..

The antiglobulin test was carried out in agglutination
tubes by adding 0.2 mls of antiglobulin serum to an equal
volume of 10% washed red cells from mice bearing tumour.

Control tubes contained antimouse serum and normal
AJax red cells. The tubes were incubated at 379C and
agglutination was read by pattern and mioroscopically.

Marrow smears were made from the right femur and
stained with Leishman staln.

Bacteriologlical examination; 4 A/Jax mice were
inoculated with 107 ascites cells I-P. Ten days later
the animals were sacrificed and under sterile conditions
the peritoneal cavity was exposed. The ascitie fluid
from each mouse was plated directly on two mutrient agar
and two blood agar plates. One agar and one blood agar
plate was insubated aerobically at 37°C; the other two
were incubated anserobiecally at 37°C.

Aerobic and anaerobic cultures were similarly prepared
from ‘he cut surfase of the spleens of the above mice.
The spleens of 4 normal control mice were also cultured.




mice bearing the tumour (Table III).

- of mice bearing the tumour; the spleen showed no obvious
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Legults

Changes in organ weights of mice bearing intraperit-
oneal tumour; The spleen showed an increase in weight in
the early stages of tumour growths Fige 1 shows that in
A/Jax mice the spleen reached a maximum size 10 days after
tumour inoculation. It then became smaller until at 25
days it was nearly normales A similar change in spleen
weight was observed with 4/Cum mice (Teble I). Spleens
from mice bearing a 10 day growth of tumour eontained
260 x 106 cells per spleen, Control spleens yiclded
160 x 10P cells per spleen. '

In a combined series of 46 A/Jax and A/Cum mice the
liver weights were not altered signifieantly I'(’fnble II).

The thymus decreased in weight as the tumour grew and
in the late stages showed complete atrophy (Fig. 2 and Table
I)e This wss found in both A/Cum and A/Jax mice but
especially in the latter. The greatest loss in thynic
weight ocourred between 15 and 20 days after inoculation
of tumour. The variation of A/Cum thymus weights was
prot:bly related to age differences.

Thers was no significant change in adrenal weight of

Morphological changes in the lymphoreticular tissues




. pulp at 10 days contained foel of proliferating cells with

zllo

changes five days after the intraperitoneal inooulation of

tumoure. At 10 days the Malpighian bodies were larger than

normals Figs 3 shows that the normal Malpighian body
econtained small cells with a rounded darkly staining
moleus. The cytoplasm was scanty. Fige 4 shows that
the Malpighian body of a spleen from miece bearing a 10 day
growth of the tumour was made up of larger cells. The
micleus was larger, irregular, vesicular and contained a
single prominent mucleolus. The e¢hromatin was dispersed
in irregular clumps or was condensed in a thin rim on .the
miclear membranes Mitotic activity was incoreased. The
oytoplasm was moderate in amount and agranular. The red

an eccentric or central vesicular nueleus and plentiful

pyronophilic eytoplasm.

Small .phu-i.oley“ of pyronophilic material 1-3 /*in
dLmeter vere geen in the simsoids of the splesa. - These
aphar{.\:oz;? jors_hnmoganaoua and opaque. Tho,\_r were
entirely separate from the erythrocytes and nucleated cells
Mature plasma ceclls were not seen. 15 days after tumour
inooculation the Malpighian bodies were still active. The
red pulp then contained an inereased mmber of granular

leucocytes.

In the late stages of tumour growth (20 and 25 days)
the splenic activity was markedly deereased. , The

N



vjalpighian bodies were small and the red pulp showed a

' indented. Sometimes they were vesioular with a single

i2.

marked degree of venous congestion. Many of the nuclezted
cells in the simusoids were granular leucocytes.

Five days after tumour inoculation the livers of most
animals were nommal although in some caszes the R&’pffor cells
vere stimulateds 4t 10 days the Kupffer cells were
larger and the oytoplasm more sbundant and branshed than
usual (Fig. 5)» The normal pattern is shown in Fig. 6.
The Kupffer cell changes were best seen after the intre-
venous injeetion of colloidal carbone At this time
immature monomuclear cells appeareds They were seen as
small clusters of 810 cells or sometimes as individual
cells in the ;inimoida. Larger foel were situsted in the
portal tracts in intimate relation to a bile duct (Fig. 7)
or vein, When situated in the portal tract these fool
were well developed and measured up to 100 U in dimmeter.
Very rarely these fool dwdopad near a central vein.
These monomuclear @ells showed a variable morpholegy and
measured between 7-10 4. The nuclel were round or slightly

prominent macleolus; in other cells the chromatin was
dispersed in mimite masses. The cytoplasm was scanty.
When the focl were situated in portal traects, fibroblast§
macrophages and occasional lymphocytes were also seens In
the case of monomuclear cell foei in the vieinity of a

vein, the adjacent vascular endothelium was sometimes




swollen (Ri.g. 8)0

Mature plasma cells in the liver were seen in only
one mouse which had multiple tumour deposits in that
organe Scattered in the sinusoids an occasional
megakaryocytic {ype of cell was seens These cells
measure about 20 Atin diameter, have a lobulated vesicular
nucleus and abundant agranular cytoplasme In some animals
there was an increasin mibotic activity (Fige 9), in the
hepatic parenchyma cells at 10 dayse At 15 days the
klipffer cells were still active although the foci of

mononuclear cells were less prominante At 20 and 25 days |
after tumonr inoculation the Klipffer cells appeared |
normale Foei of ﬁonnnuolear cells were no longer seen.
The sinuscids and blood vessels now contained polymorpho-

nuclear leucocytese.

Changes in the lymphoid tissue in response to sub=-
cutaneous tumour growthy the tumowr grew as a solid maass
showing extensive ischesemic necrosis and a peripheral chronie

inflammatory reaction (Fige 10)s Moderate numbers of

plasma cells were seen as well as lymphocytes, macrophages
and mast c¢ells (Fige 1l)e Themegional lymph nodes were |
enlarged and reactives The marginal sinus and sinuscids |
in the depth of the gland were lined by cords of histio-
eytie cells one to three layers in thickness (Fig. 12).

The follicles were large, showed prominent germinal
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centres and increased mitotic activity (Fig. 13). At
this time plasma eells were not seen in tlie lymph nodes.
. The spleensand liversfrom mice bearing subcutaneous

| tumour were normals

Phagooytic function in mice
Dearing tumour,
Fig. 14 shows that when the tumour was inoculsted in

. the peritoneal eavity of A/Cun mice there was a rise in

K in the early stages of tumour development and that in
the laste steges of tumour growth K returned to normal
levels. The corrected phagoeytic index << was elevated
10 days after tumour inoculation. (Table I).

When the tumour growth was suppressed by passive
‘ immunisation there was no varistion in phagoeytic function
- (Fig. 15)s Tuyested control mice showed no change in K

L or &K

Table IV shows that there was a slight temingl fall

in haemoglobin concentration. There was a polymorpho- |

i
| miclear leukocytosis which was maximal 15 days after tumour
|

inoculation but was still evident at 25 days. The other
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data were normal apart from an elevation in the number of
monooytes at 15 and 20 days. The bone marrow showed an

inorease in the white c¢ell series.

Baoteriological examination; no organisms were grown
from the aerobic or snaerobie cultures of the aseitie
fluide Cultures from the spleens were also negative,

Dlscussion

It is well established that homotransplantable
tunours excite a host response (Klein 1959, Snell 1958 ).
This response is probably = homegraft type of reaction
directed léainst the tyansplantation antigens of the
original donor of the tumour. These may have been
modified by either loss or ascquisition of antigens, There
is also the likelihood of viral or bacterial contamination
of the tumour although it has not been possible to isolate
aerobic or anaerobic Laoteria from the Landschuts tumours
The possibility of an associated virus cannot be excluded.
The mice bearing the tumour developed a leukooytosis around
the tenth day and the possibility of an infeotion #till
remains despite repeated negative bscterial cultures.
Polymorphomuclear leukoscytosis has also been noted with
other transplantable tumours (Lewis 1937, Blumenthal 1941 ),
It will be seen in the next chapter that spleen cells
renoved from mice bearing the Landschitz tumour for ten




Lbe

f days are immunologically active against the tumour which
could be inhibited by the passive iransfer of such cells

into isologous hostss It is therefore reasonable to
assume that the host response is wholly or in part

speelficelly directed ageinst the tumour and probably
depends on the existence of iso-antigenic differences

. between the two. Whatever the host response may be the
| above results show that the Landschiitz tumour excites a
partial resistance in gtrain A mices This reesctlon is

soon overcome by this rapidly proliferating tumour.

When the tumour was implanted in the dermis the host

| reaction was confined to the subcutanecus tissues, and
. reglonal lymph nodess This reaction was manifest in the
| early stages of tumour growth and advanced tumours elicit

little or no reactione.

A tumour in the peritonecal cavity caused amore
generalised host responses This was probably due to a
wider dissemination of the antigen. The histological

changes in the spleen of mice bearing the tumour in the
peritoneal cavity for 10 days are consistent with Antigenic
stimulation and antibody synthesis. Marshall and White
(1950) showed the sppearance of geminsl centres in the
spleens of rabbits injected intravenously with antigen.

Miotic activity was ob¥ious in such centres. Wissler

et al (1960) reported on the appearance of germinal centres

' in the spleens of rats injected with Salmonella typhi. . The
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| appearance of the pyronophilie cells in the red pulp of
the spleens of mice bearing tumour was evidence that these

cells were actively engaged in protein synthesis.

Pyronophilie cclls were noted by Scothorneand
MeGregor (1955) in the lymph nodes draining skin homografts|
in prabbits. Soothorne (1957) believed that the pyromophiliec
cells originated from reticulum cells.

Fagraeus (1948) deseribed the development of
pyronophilie eells in the spleens of rabbits injected with
foreign antigen. These cells eventually matured to
plasma cells. It is worthy of note that mature plasma
cells were not seen in the spleen althaugh they appeared
early around a suboutaneous tumour. |

Eh. nature and significance of the small pyronophilic
sph@eﬂ in the splenic simsoids is uncertain., Their
morphology and staining properties are smimilar to Shat of
the eytoplasm of the surrounding pyronopui.rc cells. It
ia therefore probable that they are in fact masses of cyto-
plasm derived from such cells although the possibility that
thoy are an artifaet produced during fixation and proeesuinﬁ

oannot be ent:lraly excluded. If we accept that they are
,derivod from antibody forming cells then the spherioles may
! _

|repreamt a form of antibody transport.

' The change in the liver in the early stages of tumour
fgrowth indicates antigenic stimulation. This is seen in




| origin of these cells cennot be determmined. They

| morphology is quite distinct from tumour cells.

]

| sarcoma of the dog was surrounded by lymphocytes. The

implicated the lymphocyte as playing the major role.

48.

the marked degree of hypertrophy of the Kﬁpff‘er e¢ells and

the presence of immature mononuclear cells. The exact

proh-h1ly arise from activated endothelial cells of the
hepatic veins and sinusolids. These cells did not
phagoeytose colloidal ¢ :rbon given intravenously and their

In the later stages of tunour growth there were no
signs of stimulation in the liver or the spleen. The
collapse of the lymphoreticular response in mice bearing
advanced tumour might have been caused by the terminal
pocr nuiritionel state of the mice. A4 contributory
factor could be antigenic overload from the lLacreasing
volune of tumour with ecnsequent immunologic:l paralysis.

Morphological changes in the reticulo-endothelial
system of snimals bearing transplanteble tumours has
attracted the attention of several workers. Vade (1908)
was probably the first to attribute tumour destruection teo
lymphocytes. He noted that a regressing transplantable

impartant role of the lymphocyte in the destruction of tumonr
homografts in mice and rats was emphasized by Da Fano
(1912). Loeb (1919) showed that nomal tissue homografts

were destroyed by lymphocytes. As a result of extensive |
|
study of the problem of homograft destruction Murphy (1926)

|
|
|
|
|
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Borghi (1928) and Calo (1932) noted proliferation of the
Kupffer cells of the liver and changes in the spleens of
animals bearing tumours. An inorease in spleen weight of
rabbits bearing the BrownePearce carcinoma was reported by
Brown and Pearce (1932)« . Twort and Lasnitslcl (1932)
reported a similar finding in rats bearing the Jensens rat
sarcoma. More recent work confimmed and extended these
earlier ob;mations. Parsons et al (1947) described
changes in the lymphoid organs of rodents bearing tumours,
Albert, Johnson and Pinkus (1954) investigated the effest
of both transplanted and spontaneous mammary gland
carcinomas on lymph nodes and the spleen. Theyfound that
homologous tumour trensplents increased the welght of theeq
organs and their utilisation of radio-active phosphorus.
Bleck and Speer (1955) notad changes in lymph ..cdes of mice
bearing spontaneous tumours. Barush (1960) showed that a
transplantable carcinoma and a carcinogen induced sarcoma of
the rst were accompanied by splenomegaly and increase in the
sige of the regiohal lymph nodes. 0ld et al (1960)
demonstrated splenomegaly in mice bearing sarcoma 180 and
Ehrlich ascites tumour, They also noted hepatomegaly and
splenomegsly in spontaneous mammary cmil;ma.

The thymie atrophy in mice bearing tumour is difficult
to explains The atrophied thymus showed no psthological
change apart from loss of thymocytes. Thymic atrophy was
noted by Larinow (1932) in rodents bearing tumourse




©ose *

Hilf et al (1960 ) showed that the thymic atrophy occurring
in Swiss mioce bearing sarcoma 180 was associated with
progressive tumour growth and hypertrophy of the adrenal.
Mloe bearing the Landschiitz tumour showed no inerease in
adrenal veight, Savard and Homburger (1949 ) showed that
thymie atrophy in mise bearing smc;ma 180 was not
prevented by hypophysectomy and suggested that thymic
atrophy was not mediated through the pituitary adrenal axig.
The thynic involution observed with the Landschiits tumour
does not seem to be related t’°. a poor nutritional state of
the tumour bearing animals. The thymus showed marked
atrophy at a time when the tumour was small, the animals
showed no welght loss and appeared welle In outbred mice
where the degree of resistance was lower, the same degree
of thymio atrophy did not occur. Acocordingly this thymic
depletion may have an immunological basis caused by a pro=
gressive demand on the lymphoreticular tissue by increasing
amounts of antigens liberated from the neoplasm. (It is
noteworthy here that Begg (1951 ) showed that while force
feeding rats bearing tumour prevented weight loss, it did
not prevent the systemic effects of the tumour). The
morphological changes in the Kupffer cell system showed an
initial stimulation and subsequent return to nommal
appearances. This was confirmed by measurement of the
R.E.S. phagoeytic functions It was shown that stimulation

of phagocytic function occurred and reached a maximum ten
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days after tumour inoculation. In the late stages of
tumour growth the phagocytic function was normals This is
in agreement with the findings of 01d et al (1960) for the
Ehrlich ascites tumour in mice. Halpern et al (1960)
found no change in phagocytic funstion with Ehrlich tumour
growing in the peritonesl sac. Stern and Duwelius (1958)
showed increased phagocytic stimulation in rats bearing
subcutaneous lLewis lymphoma, It seeams likely that the
extent of phagocytic response is largely influenced by

the intensity of host versus graft reaction sspecially
since Howard (1963) has demonstrated activation of the
phagooytic system during a graft versus host reaction.

The degree of host response to this tumour depends
on the duration of growth and histological examination in
the late stages adequately failsto reveal a previous state
of hast resotion. Bacteriel or viral contaminatica ef
experimentsl murine tumours remains important in the
interpretation of a lymphoreticular reaction. Becsuse the
sctiveted lymphoreticular cells used in these experiments
were able to inhibit the ascites tumour, it seems reaaonablf
to conclude that the histological and funectional response
deseribed here is directly related to the antigenielty of

the tumour.
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Phagzooytic indices K und o il orpan welghius Crom nice given 10° aseites cells (/4/Cume mice).

‘Ho. of mice Iime I Averaco erag: dverage Averace Aversge Wi, of thymus
tumour K < splcen wte liver wie . of control
(in days) (in gmse) (in gms.) in gns. of same age.

6 5 035 Lol 013 1.17 0.05 0.05

10 10 He e 16 ! 1.20 Oa 028 Ooﬂ%

Cel2 1.18 D«012 0.045

Nomal + ,0l1 * W20 * 0,01 + 0,08 + ,008
Controls




Strain A/Cum. Strain A/Jax
No. of Mice Time Weight of No. of Tissue after Weight of liver

after 107 liver g. mice 105 (days) ge
(days)

6 5 1.17 5 5 0.85

10 10 1.20 6 10 1.18

6 15 1.18 FA 15 1.1

4 21 1.13 5 20 0.9

Aversge liver welight for 15 normal
controls = 1.07 * 0.08 g.

Average liver weight for 14 normal controls

= 0.90 + 0.36




Sdronal

No. of lice Time afler Average
105 ascites weight adrena’
cells Rge welght 10
(dars) normal
controla.
13 10 5¢5r 143
3.9 * 0.9
5 20 bedy




Zable IV

Changes in the peripheral

blood of mice bearing tumour I-P.

No. of mice | Days Hb & | P.C.V. HeBsCe millions | Total white | Neutropnils | Lymphooytes | Monoeytes
after % per cub. mm. cells
Tumour
5 5 - 41 5.7 3,700 761 2585 206
4 10 89 43 7.2 6,600 2567 2604 257
4 15 80 43 6.2 12,600 9965 2130 545
5 20 80 8.9 10,600 7057 2630 767
4 25 72 M 8.0 11,050 7600 3270 173
Averége value 92 45 7.6 45350 740 2709 260

for 10 normal mice
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_l
VARIATION IN SPLEEN WT. AFTER TUMOUR INOCULATION
250

200

150

WT IN MGs.

100

50

TIME IN DAYS

Fig. 13 Average weight of the spleen in groupg of 8 mice
after intraperitoneal injection of cells.
The dotted lines show the limits of standard
deviation of 19 controls.
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VARIATION IN THYMUS WT. AFTER TUMOUR INOCULATION.,

40
a. ————————————————————————————————————
(U]
s 30 -
Z
I
10 -
-‘--\-x
| T T 1 1
5 10 15 20 25
TIME IN DAYS
Fig. 23

Average weight of the thymus in groups o{og AJax
mice after intraperitoneal injection of

ascites cells. The dotted lines show the limits
of standard deviation of 10 controls.
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Fig. 33+ Normal malpighian body of A/Jax spleen.
: H & E x 650.

_ &
b

.

b *0a2 5
S -*a-‘.{».&j :

Fig. 4t Malpighian body of A/Jax spleen 10 days after
intraperitoneal injeetion of 105 ascites cells.
H & E x 650.
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Fige 5: Kupffer cells of animals bearing 105 ascites
cells for 10 days and injected with carbon
intravenously. H & E x 425. '

o R 45 RIFER L o,

Fige. 63 Kupffer cells of normal animals after
intravenous carbon. H & E x 425.
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Focus of immature monomuclear cells
surrounding a bile duct.
H & E x 760

Hg. s

H & E x 476.

Pocus of immature mononmuclear cells near a

portal vein.

Fig. 8



Fige 98¢ Mitosis in liver ¢

10 day growth of 10’ ascites cells by the |

intraperitoneal route.

of a mouse bearing a
H & E=»1000




Fig. 10: Monomuclear cell reaction in the
demis to a subcutaneous tumour.
H & E x 150.

oy (O »ﬂ,“ﬂi
| f‘::‘ ..“.t i, ‘
=y ' N . ¢ ‘;'.
’:}. ::.' .‘ ’ ‘;,: "
'. . ,'.. ®

', .G‘., !'1

Fige 113 Qellular reaction around a subcuteneous
tunour. The reaction is composed
mainly of lymphoeytes and plasma cells.
H & E x 57.
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Simus cell hyperplasia in a lymph node
draining a subsutaneous tumour.
x 450

H &

Fig. 12s

Prominent germinal centre in a follicle
of a lymph node draining a subecutaneous
H & E x 200,

tumour,

Fig. 13:



PHAGOCYTIC COEFFICIENT K

‘Ol .

o 1 I T 1
5 10 15 2
TIME IN DAYS

Fig. 14t Phagooytic eowofficient X in A/Cun mic
after I.P. inoeulation of 105 ascites
cells. The dotted lines show the limi
of standard devistion of 15 normal
econtrols. Each solid eirele repres
one mouse.
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Pig. 151 Phagooytic co-officient K in 4/Cum nice

TIME IN DAYS

inoculated with tumour and treated with
spleen cells. The limita of standard
devistion of K for 15 normal controls
shown between dotted lines. Each solid
circle represents a single mouse.
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The application of lymphoid cells transfer technique

to the study of immunological phenomena has been known

for a long time, particulsrly in the field of bacteriology.

Thus in 1899 Deutsch transferred splenie tissue from i
guinea pigs which had been inoeculated with typhoid
organisms to normal guinea pigs and demonstrated the !
appearance of hsemagglutinins in the sera of the racipientsL
Luckhardt end Becht (1911) demonstretedeireulating ant:l.bodiles
in the sera of dogs receiving splenic tissue of other dogs
that had been inoculated with foreign red cells or typhoid
organismse. More recently a major contributicn was made

by Landsteiner and Chase (1942) who showed thet immunity to
gimple chemicals could be transferred from immune to normal

guinea pigs by peritonesal cells obiained from the former.
Chase (1945) was able to transfer tuberculin byperaenaitivi%y

by lymphoid cells, but not by sera, of tubmulin-aanaitive:;
i

guinea pigs. i
Of more relevance to the present work is the transfer
of immunity to tumour homografts by cellnlar systems.
Potter, Taylor and MacDowell (1938) were the first to trans—
fer immunity to a transplantable tumour by the use of

isologous cells, The tumour used was a leukacmia which
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arose in a ¢ 58 mouse and was transplanted in the same
strain (C 58) for over 400 generstirns. Starting with
sublethal inoculations of isologous mice with the tumour,
they inereased the dose of tumour until the animals were
rendered immune to a normally lethal inoculume The spleen

and liver cells from such animals could immunise isologous
normal mice against a lethal dose of the tumour. Brnecie '
et al (1952), using a sinilar method, transferred immunity |

to an AK leuksenia to normal members of the same strain.

Mitehison (1954) utilised a new technique to study
the problem of tumour homograft immunity, particularly
its effector mechanisme The technique which is generally
known as the regrafting technique assesses the degree of
immunity developing in 2 host imoculated with tumour by

excising the graft and replacing it in an animal which is

known to be susceptible to the tumours The latter is used
|

as an indicetor of viability of the regrafted tissue.

Mitchison implanted a tumour of C3H origin subeutaneously
in the mouse strains Aii and C57 BL. The tumour was -
excised at time intervals and reeimplanted in a susceptible !
|

normal alien strain was 9.9 days; in immunised mice it waa‘

gtrain. The mean survival time of the tumour in the

2.1 days, VMitchison transferred the lymph nodes draining i
a regressing tumour to normal members of the same strain. |
These were challenged vith tumour end 8 days after |

inoculation the tumour was excised and regrafted to a
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susceptible strain to measure its viability. _It was shown
thst the regional lymph nodes (ncdes dreaining the graft) \
conferred immunity on normal isologous mice but serum and

peritoneal exudate had no effect, on tumour growth. A:E'*I;em‘I
the transfer of lymphoid cells, the immunity was fim at |

4 days, weaker at 10 days, and disappeared in 24 days t.ime.i
|
In 1954 Billingham et al made a study of the nsture oﬂ

homograft immunity in relation to normsl tissue. Their !
method of approach was similar to that of Mitchison althoug:h
they used skin grafts and assessed the degree of immunity

by visible inspection of the graft. A skin homograft from

gtrain A to CBA miee had & median survival time of 10.8

days and inspection of the graft showed signe of regressioni
at 8 days. When an animel that rejected a first graft vas.
regrafted, the sccond graft was destroyed at an accelersted I
rate (second set reponse) and complete rejection oceurred iTi
6 days. The vigour of this second set response waned
gradually but was still detectable as long as 120 days aft
the first graft. Hormal CBA mice (secondary hosts), uhiah‘
had been inoculated with regional lymph nodes and, to a laséler
extent, spleen cells from actively immunized CBA (primary
hosts) mice, behaved as if they themselves had Leen actively
immunized, The lymphoid cells were usu2lly tranasferred a
day before the graft, though the optimum time was 3 days
(before the skin graft)e The cells did not confer any

protection when transferred 2 days after the skin graft. |
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The route of adnini.stration was importanty intraperitoneal)
but not subeutaneous inoculstions, could transfer immunity.
Normal lymph nodes and lymph nodes from the contralateral
gide had no effects Billinghem and his colleagues
inferred from their experimental data that lymphoid ecells
passively transferred from the primary host survived and
were incorporated in the secondary host. Consequently the
latter were impuniseds, This form of immunity was called
adoptively acquired immunity. The principle of adoptive
immunity has been used in the experiments to be deseribed in

this chapter.

Mitchison (1955) further extended his studies of
adoptive immunity in relation to tumour grafts using sarcoma
I in C57 BR/a hostss Using the regrafting method he
showed that lymph nodes from mice recelving a single
immunising tumouy dose were effective at 5§ and 10 days
after grafting. Nodes taken st 3, 15, or 20 days were
ineffective. The immurising power of lymph nodes drsining |
a second set graft, contrary to expectation, was much less. |
It is noteworthy that in the above mentioned work the |

lymphoid cells were transferred to isologous hosts. Some

workers tried to influence the growth of a tumour by the
transfer of cells from an immunised homologous host to a
susceptible recipients Ellis and Kidd (1952) inocubated
Broun-Pearce caroinoma with lymphoid cells from rabbits
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thet had overoome and resisted re-implantation with this
tumours They found that after this treatment the cells
failed to grow when implanted in the muscles of the
susceptible hoste and since serum had no comparable effect
they concluded that lymphoid cells of immune homologous
hosts may act directly against tumour cells in vitro.

Wigzell (1961) reported immunological depression of
tumour growth in F1 hybrid - parental strain syatems, He |
found that the intraperitonesl injection of lymphoid cells of
one parental strain into Fy hybrid mice inhihited the growth
of lymphoma cells of the opposite parental strain inoculated
suboutaneously. The lymphoid cells were either immunised
asgainst the parental sirain and inoculated simultaneously
with the tumour c¢ells or inoculated untreated 5 days before
tumour cell inoculastion. The inhibition was specific because
when the lymphoma and the lymphoid cells were derived from
the same strain the tumour inhibition was very slight, due
to the wasted condition of the host. When the tumour
tested was a sarcoma or a carcinoma the inhibition was very
slights The early death of some animals in this series
following treatment with lymphoid cells was probably due to
graft versus host disease. Wigzell sugzested that the
beneficial effect observed with lymphoma tumour might be
due to the susceptibility of the latter to elrculating
antibody. In this connection the studies of Amos and Day

(1957) are of direct relevance since they showed that '
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antibodies prepared by immunising mice of a resiatent
strain against a leukaemia or lymphoma would passively
immunise mice of both resistant or susceptible strains,

Woodruff and Symes (1962) claimed that the growth of 4
transplanted mammary tumour in strain A mice might bn
retarded and sometimes destroyed by exposing the resipient
to irradiation and then injeeting homologous lymphoid cells
from elther a normal CBA or CBA mouse immunised againet the
A strain tumours However, the death ratesof both treated

and control groups were similer,

It is clear that the immunity to homoloegous, nommal
and tumour tissue aro hasically the same and largely dependent
on iso-antigenic differences between the transplanted tissue
an¢ the host. Hauschka (1952) in his review of tumour
immunity has pointed out that ®"the mechanisms operating in
transplentation immmity are not specifically neoplastic but
are influenced to a large extent by iso-antigenic relation=

ships%.

411 the evidence from the in vivo experiments points tg
the importance of lymphoid cells in the transfer of homo-
graft immunity (lymphomas are an exception)s The in vitro
demonstration of a homograft responsey however, has largely
met with failures Medawar (1948) cujtured rabbit apleen
and lymph node fragments, immunised againat the skin of
another rabbit, with epidermal eells from the latter., He
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found no deleterious effect on the epidemal cells as
judged by both the mitotie activity and the rate of l
mnigration of the epidermal cells., Weaver et al (1955) WL
elso unable to demonstrate a reaction in vitro between
epidermal cells and immune homologous spleen fragmenta.
Scothorne and Nagy (1960) showed that fragments of regional
lymph node from Swiss white mice carrying skin homografts
from CBA donors did not exert any destructive effect when
cultured in vitro in intimate contact with lymph node
fregments from the original donor for four dayse They
pointed out "the repeated failure to demonstrate the homo=-
graft reaction in vitro in no way invelidates evidence from
other sources beari. <n the importance of lymphold tissues
in transplantation immunitys; the failure means that we
have not yet provided adequate in vitro conditions". This
éontraats with the effect of heterologous spleen cells in
vitro where Stuart (1962b)demonstrated oytopathic effests of

immunised cells on their targcts Rosenau and Moon (1962)
showed that splenic lymphocytes sensitized to homologous
cells destroy these cells in vitro, but non-sensitiszed
lymphocytes were not cytolytic.

It was noted in chespter I that 4/Jax mice imoculated

with Landsehlitz tumour showed a marked degree of stimulstion
of the reticulo-sndothelial system in the early stages of |
tumour growthe It seemed likely that spleen cells removed
at the height of stimdatioh would confer adoptive immunity
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on isologous animals bearing a smaller inoculum of tumour.
The experiments described in the present chapter were
designed to verify this hypothesis. For comparison
homologous spleen cells, obtained from DBA, mice immunised

in the same manner as isologous animals, were used.

Haterial and Hethods

Mice = A total of 500 #/Jax (Porton) mice, 80 DBA,

(Porton) and 29 outbred M.H.C. mice weighing 18«20 g. were ‘
used. |
|

Propagation »T tunmour and inoculation of experimental
mice; The LendsshBtsz tuméur was propagated in stock mice by|
the method deseribed in chapter I. All 4/Jax and DBA, |

|
mice used in the following experiments were inoculated with

tumour maintained in the A/Jax strain. The experimental
outbred mice received tumuur that had been maintained in thﬂ+

straine I

y gation 8

Schedule I - 70 A/Jax mice were inoeulated by the intra=
peritoneal route with two injections at weekly intervals
|

of 10° tumour cells disintegreted by short exposure to ultra
pound followed by a subcutaneous injection of a similar dose
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of cells that had been frozen and thawved tiice at «20°C.
Seven days after the subeutanecus inoculation it was found"\;\
that 52 nlce developed ascites and the remainder did nots |\

A
\

The mice were accordingly divided into two groups. I\
a) Group 1 included 52 mice that were asecitic. Thaq'e ;\\\

are subsequently to be referred to as aseitic mice. . \’\:\
b) Group 2 included 18 mice that were not ascitic and l']

these ar- named non-ascitic mice. |

Schedule IT = 4/Jax mice were inoculated with 10° ‘
ascites cells I.P, Ten or twenty days later spleen cells
and sera from these cnimels were used to trest other 4/Jax
mice inoculated with the tumour. The spleen cells and
sera from such animals will be called 10 or 20 day immune
spleen cells. In other experiments 10 day immune DBA,
spleen cells =1’ sera were prepared by injecting UBA, mice
with 105 ascites eells I.P.

|
|
|
The spleens of mice wer: removedwith aseptic precautions.
They were homogenised in tissue culture medium 199 using a |
loose fitting hand operated, all glass homogeniser. The
| cell suspension was then filt®red through a fine mesh steel
'wire sieve. Cell counts were made and the required dose oﬁi‘

micleated spleen cells was made in a volume of leld ml.
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The interval between preparatibn of the cclls and thelr

subsequent injeetion into miee did not exceed 35 minuntes.

|
|

The mice were bled from the neck vessels. The serun
was used fresh or was kept frozen at «=200C until required."

The serum was always injeected by the intraperitoneal mute.i

|
|
|

a) Effeet of spleen cells and sera from aseitic and
non-aseitic mice (immunisation schedule I). 500 x 100 |
spleen cells or 0.5 ml. of serum from either aseitic or noq:-
ascitic A/Jex mice were inoculated by the I.P. route into |
other A/Jax mice injected 48 hours previously with 105

ascites cells I.P.

b) Effeet of 10 day and 20 day immune A/Jex spleen
cells and sera. A/Jax mice bearing a 48 hour growth of |
10° aseites cells I.Ps were inoculated with 500 x 106 10
day or 20 day immune spleen cells. Other mice bearing a .
similar dose of tumour were inoculated with 0.5 ml. of 10 day
immune serume The control groups ineluded beth untreated !
tumour bearing animals and animals given 500x10° normel A/Jax

spleen cells. In some experiments the 10 day immune spleeh
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!

cells were homogenised in excess medium 199 and aentrihsedi
at 1200 r.p.m. for 10 minmutes. They were reconstituted to|

a standard dose of 500 x 106 per mls These were then used |
!

to treat the mice bearing the tumour. i
The minimum dose of 10 day immune spleen cells (
necessary for inhibition of the Landschlitz ascites tumour; ‘
dilutions of homogenised 10 day immune spleen cells !
containing 500, 100 and 20 million nucleated spleen cells il':
medium 199 were prepared. These were inoculated into mice
bearing 10° or 107 tumour cells for 48 hours. In some
experiments the graded doses of spleen cells were inoculated

into mice which were then challenged with 107 aseites cells

I.P. 24 hours later.

The effect of 10 day immune DBAy spleen cells on the
ascites tumour; .4/Jax mice were inoculsted with a dose of
105 gseites cells I.P. 48 hours later they were injected
I.P. with 500, 100 or 20 millior 10 day immune DBy spleen

cells.

The effect of spleen cells from outbred mice on the ‘
growth of the tumour; 29 eutbred mice were inoculated uithi
105 aseites cells by the intraperitoneal routes 48 hours ‘
later 9 of these were inoculated with 500 x 10° spleen celli

obtained from other cutbred mice bearing a 10 day growth of |

:105 ascites cells I.P. Other animals were treated with

045 mlse of serum obtained from the spleen donors. The



|
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|
|

remaining 10 mice were untreated controls.

Effeot of dosage and time of giving serum on tumour

|
growth; 10 day A/Tax imnune serum was given in doses of !
|

| 045 or 0,1 mde The serum was injected 4& hours after the |

| intraperitonesal inoeculation of 107 aseites eells. Control |

: mice were inoculsted with 107 tumour cells enly or with 107
!ttmour cells followed by Oe5 mle of normal A/Jax serum
[

| 48 hours later.

i Analysis of gseitic fluld from mice showing enhanoamenti;
17 A/Jax mice were inoculated I.P. with a dose of 107 amités
cellse 48 hours later 9 of these were given 0.5 ml. 10 day%
immune 4/Jax serum I.P. 5 days after tumour inoculation alp.
the mice were killed end divided into control and serum I
treated groups. The peritonesl cavities were washed with |
1 ml. of heparimised medium 199 and the contents of each ;
group was pooled, The total vulume was measureds The
nmucleated cell count was estimated and differential counts
made on smears stained by Leishman's method. Ilaematoerit
tubes filled with ascitic fluid were centrifuged at 4000repen.

for 1 hour and the packed cell volume measured as a percentage.

B0lid tumour in the peritoneal ecavity was weighed to the

nearest mg, as were the spleens,



Blockade with ethyl paimitate; this was preparéd as a
30% suspension by adding 2,5 ml. of ethyl aleohol to 15 ml, |
of ethyl palmitate at 45°C. The mixture was slowly added

by pipette to 32.5 ml. of 1 per cent Tween 20 in 5 per cent |
| dextrose water and rapidly homogenised in a blender for 5 |
‘minutes. The suspensicn was dislysed overnight at 37%
agalnst excess 5 per cent dextrose water buffered with phosphate
|to pH 7e2e 0.15 mle of the suspension per 10 g. of mouse
body weight was injected intravenously into 14 mice. No

mortality occurred as o result of injeeting the ethyl |

4
'pelmitate end six hours later the mice were given 10 ascites
cells I.P. '

Blockade with cholesterol oleate; a 10 per cent ‘
ll suspension of cholesterol olests was made in Tween dextrose Il
water and 30 mg. of ester injected intravenously into 9 mj.oq!.
6 hours lester they were inoculated with 107 sseites cells |

| I.Ps followed 48 hours later by a further I.V. inj}ection

'of 30 mg. cholestercl oleate. No mortaliiy occurred as a

iresult of injecting cholesterol oleate.

The phagoeytic function of the reticulo-endothellal
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syetem was measured by the carbon clearance method as

deseribed in chepter I.

Phagocytie function was measured in the following
groups of A/Jax mice. |

1. 14 mice inoculated with 107 asecites cells only.

2, 16 mice inoculated with 107 aseites cells
followed by 0.5 ml. 10 day immune A/Jax serum 48
hours later.

3¢ 12 mice inoculated with 0.5 ml. of 10 day immune
serun alone,

4o 12 mice inooulated with 0.5 ml. of nomal 4/Jax
serum,

5. 13 nommal A/Jax mice.

A detailed necropsy was made on all animals dying from

tumour. Animals surviving for 60 days after tumour inocul
ation were killed with chlorofnm and a postmortem

examination nades

Besults.

The effect of spleen cells and sera from ascitic or

non-ascitic mice on the aseites tumour; Table I shows that

spleen cells derived from aseitic miece were much more ;
effective in inhibiting the growth of the tumour than were %

those from animals which did not develop aseites.



The serum from ascitic mice prolonged life -nd converted
the tumour to the solid forme It wad more active than
the serun from non-aseitic animals, All untreated
animals developed asgites around the 12th day and died on

an average in 28 days.

Table II shows that the spleens of mice immunised with
either viable (ascitic mice) or non-visble (non-aseitic
mice) tumour cells were significantly larger than normal

spleens,

The effeet of 10 day lmmune spleen cells on the
tumoury Table IIT shows that 500 x 106 10 day immune spleen
cells produced almost complets inhibition of the tumour
inoculum. All 18 animals survived 60 days and at sutopsy
16 mice were free from tumour. Normal spleen eells did
not inhibit the tumour and promoted the gmwth of solid
masses. Fige. 1 shows the weight curves for aseitic mice
compared with normal controls. The increase in weight of
animals bearing tumour parallels the progressive accumulation
of aseites., Mice bearing tumour and treated with immune
spleen cells show a normal welght curve except‘ for a

temporary initial loss in weight (Fig. 2).

The mininum tumour inhihiting dose »f A/Jax spleen
cells. Table III shows that 100 million cells produced
partial inhibition of a 48 hour growth of the tumour.
Although all the treated mice eventually showed solid
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tumour, none became ascitic and thelr average survival
time was considerably prolonged. The most significant
effest of 20 million immune spleen cells is the partial

or complete conversion of the tumour to the solid fomm.

The effect of normal spleen cells on the tumour;
Table TII shows that mice treated with normal spleen c¢ells
died about the same time as the untreated controls. Five
of six treated animals developed both ascites and solid
tumour. Postmortem exanination showed more abundant tumour

than in the untreated controls.

Comparison of the inhibitory asction of 10 day and 20 day
immune spleen ¢ 11a:; Teable IV shows that the 10 dey im
spleen cells are more effective in inhibiting the growth
of tumour than 20 day immune spleen cells. The average
weight of 10 day and 20 day spleens was 0,22 ge and 0.13
ge respectively. The average weight of normal spleens was

0,07 e

The effeot of 10 day immune spleen cells on 107 ascitep
cells; Table V shows thst the effect of immunc spleen cellp
on 107 ascites cells depends on the dose of the lymphoald
oells and the time of their administration. When the cells
were given 24 hours before the tumour there was some
inhibition with both the 500 and 100 million spleen cells.
When given after tumour inoculation, only the highest dose

of spleen cells hed any effecte It is important to note
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that in this experiment tumour enhancement was not cbserved.

Inhibition of the tumour with 10 day immune DBAp
spleen cells; Table VI shows that 10 day DBAy spleen cellg
markedly inhibited a 48 hour growth of the Landsehtz
tumour., This inhibition occurred even with a small dose
of 20 million spleen cells.

The eficet of 10 day immune serum on 105 aseites
cells; Table VII showe that sera from 10 day immune mice |
hed little offeet = part of the tumour was converted to the

solid form,.

The effect of homclogous spleen cells from outbred
mice on the growth of the tumour; Table VIII shows that
the spleen cells and sera from outbred mice bearing 105
ascites cells I-P. for 10 days, had no effect on the tumour
when passively transferred to mice bearing 10° aseites
cells. Nommal spleen ceclls from outbred mice had no
inhibitory effect on the growth of the tumour (see chapter

11I).

ent our

Enhancement with passively transferred serum; Table |
IX shows that mice hearing & 48 hour growth of 107 aseites

gelle and treated with 0.5 ml. of immune serum died
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signifiecantly earlier than tumour bearing controls. The

smaller dose of 0,1 ml, had no enhancing effect. INormal

gerum has no enhancing ef’eet,

Analysis of ascitic fluid from mice showing mha.ncmlert;
Table X shows that the fluid obtained from tumour bearing
mice treated with 10 day immune serum had higher packed
cell volume and was more cellular than fluid obtained from
mice given tumour alone, Differential counts showed

that the inerease in cells was due to tumour cells.

The efi'ect of reticulo=-endothelial blockade on the
growth of the tumour; Table XI shows that cholesterol
oleate and ¢*hyl palmitate did not enhance tumour growth.
Animals treated with ethyl paimitate showed widespread
spleniec neerosis at postmortem, and delay of splenic

regencration (fig. 3).

Reticulo-endothelial phagoeytic funetion in mice
showing enhancement; 1ig. 4 shows that mice inoculated
with 107uci_tes cells show an elevation of phagocytio
index K which is #6111 present at 8 days. Miee treated with
serum and showing enhancement also had elevated values for
K (fige 5)« The corrected phagocytic indices also
showed a corresponding inorease above normals Five days
after serum inoculation the values of aseitic controls
and enhanced mice were 5.2 and 4.4 respeetively whereas

normal controls averaged 3.3, Immune serum alone had mild
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blocking effeet on R.E.S. funetion (figs 6), and nommal
serum gave results in the lower limits of nommal (fig. 7)
jprobably because of altered haemodynamics. The spleens
of animals showing enhancement are mangbhan those of mica{
bearing unenhsnced tumour (fig. 8).
Riscusaion

The results show that the passive transfer of suitably
immunised isologous spleen cells inhibited the growth of
the tumour. The manner of immunisation was important sinde
the biological activity of lymphoid cells obtained from

- animals immunised with disintegrated tumour cells was very
muoch inferior to those obtained from animals immunised with
living vellss It seems that the digintegration of the
tumoupbells with ultra=sound destroys antigens essential
for proper immunisation of homologous hosts. Since the
spleens from non-aseitic miee were significantly larger
than nommal spleens, it is almost eertain that they were
responding to antigens other than those operating in the
induetion of transplantation immunity, On the other hand
ascitic mice were exposed to a higher concentration of

antigen than mice immunised with disintegrated tumour cells

It has been demonstrated (chapter I) that A/Jax mice
inoculated with the Landsohiitz ascites tumour showed

evidence of stimulation of the lymphoreticular tissues.

This activity was at its maximum 10 days after tumour

' inoculation but diminished in the late stages of tumour
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growth (at 20 days). Alatimulated spleen showed an
excess of immature pyronophilic monomueclear cells. The
present results have shown thet ten-day immune spleen oellJ’
had a higher inhibitory action om the tumour than spleens
from animals bearing the tumour for 20 days. About

90% of mice bearing 10° aseites cells and treated with

" 500 million ten day immune spleen cells were free of tumoun

at avtopsy sixty days later.

The inhibitory effect of the spleen cells on the

tunour is almost certainly immunologicale Other non-speg¢ilfie

modes of aetion of the lymphoid cells can be excluded.
That the effect was not due to competition between the
spleen cells and tumour cells for some important matrient
was shown by the lack of activity of normal spleen cells.
It eould, hovever, be argued that the immunised spleen cellp
were metabolically more active than nommal spleen cells.
On the other hand, spleen cells from mice immunised with
disintegrated tumour cells were of about the sane size as
those from aseitic mice, yet they did not imhibit the
tumour, This proves that the activity of the former was

due to the development of a specific type of immunity.

It is accepted that the immunity against transplantable
tumours is essentially a homograft type of immunity,
largely governed by iso-antigenic differences between the
graft and the host, The Landschuts tumour may be




86.

conveniently regarded as a homograft with a high degree of;
growth potential. PRecause of the rapid proliferatisn of 1
the cells, Lhe homograft immunity is overcome. This |
immunity, however, can be passively transferred to other |

|
mice bearing a small inoculum of tumour which is fatal in |
100% of untreated mices. The degree of inhibition depends :
not only on the quality of the spleen cells but on tﬁe |
ratio of splceon cells to tumour ¢ells. Thus, in the |
experimepnts ‘n which the dose of tumour cells was kept |
constant and the mumber of Sg}lt;en cells varied, the daéree;
of protection was dieqtly proportional to the number of |
spleen cells given. It 18 noteworthy that enhancement il
with pre-immunise! lymphoid cells did not cecur. It will)
be seen in chapter LI that under similar eircumstances

wvith heterologous spleen cells, enhancement was obtained.
Conversely, heterologous serum did not enhance tumour

growth whereas 10 day immune isologous serum produced

enhancement. These experinents emphasise the imptrtance

of a titration of the tumcur and the inhibiting agent.

The spleen cells have an agglutinating effeect on the
tumour and probably a eytotoxic action as wells So far
it has not been possible Lo demonstrate toxicity in vitro
with cells, serum or & mixture of the two. The inhihitozyl
activity of these isologous lymphoid cells is remarkably

| specifiec since they are accepted by the reeipient as self. |

The only foreign tissue encountered by the donated cells is
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the tumour, and this situation permits an immunological
reaction between the two. The JB.%2 spleen cells were more
effective in suppressing the tumour growth than the 4/Jax |
spleena, despite the longer peraistence of the latter in i
the host. Th;s means that the IBAy; lymphoid cells were ;
. better immunised and supports the finding that DBA2 mice
survive slightly longer than A/Jax host wheninoculated with
the nseites cells. The difference in response bhetween th&
two different strains is consistent with the view that the
antigenic differences of the Landschiits Susour are largely |
physiological and determined by genetic relationships betweén
host and tumour. Perhaps the main adventage of isologous
spleen e¢ells ig their spesificity and freedom from toxicity;
In the case of primary tumours, either spontaneous or 1nduoLd,
one weuld expeet the administration of suitably prepared |

isologous cells to modify the natural histeory of the growthL

i
provided that an antigenic difference was presente. i

Normal spleen cells failed to inhibit the tumcur and aT
necropsy enhancement had occurred, judging by solid messes :
of exuberant growth as well as ascites. This may be due I
to a tumour-stimulating property of lympho-reticular tiasuei

(Szent Gyorgi et al 1962) or to low grade immunological

reaction by the tramsfised eells against the tumour,

The spleen cells from outbred mice did not inhibit

itumour growth. This indicates that the level of immunity

| against the tumour is lower in outbred mice than in A/Jax
|
|
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and DBAy strains.

The activity of serum depended on the manner of
impunisation, the dose and the time of admimistration in
reletion to tunour inoculation. The inhibiting action |
of serum from mice given the fist schedule of imuniaation!
is unusual. It must be pointed out, however, that the |
immunity was partial and the tumour was converted to the
solid forme. Consequently the mice survived longer. Thi
is in favour of the theory that in homograft immunity there
is in fact ‘m qualitative difference between the activity

of lymphoid cells and serum.

The effecionr mechanism in the homograft reaction is

atill controversial. There are four possibilities; the

hamograft immunity may be mediated by classical mibodial,i
by cell bound factors analogzous to delayed lwpersensitivity;
reactions, by - both serum antibodies and oell bound ‘
activity or by an imounolegical mechanism peculiar to this |
reactioh. The last view has been expressed by Thomas

(1959). |
|

\ The role of circulating antibody in hemograft rejectlop
caused a great deal of controversy. rer (1958) has .
| shown that in the mousc iso-antibodies of the Hy system

| were regularly found before the onset of homograft

!
destruction. In vitro such antibodlies, in the presence of

‘ compleuent, were eytotoxic to normal cells from the spleen,
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lymph nodes and bone marrow. Cells from 5 different cases
of mouse leukaemia were found to be suseeptible to the |
action of such iso-antibodies although the cells of a _
sarcoma appeared to be completely resistant. JAmos (1962) |
pointed out that special techniques might be needed to I'
demonstrate cytotoxic activity of iso-itmune serum to
carcinoma and aarcoma cells besause of the use of foreign
complement, Mouse serum had an anticomplementary effeetl
on guinea pig serum. This fact entailed exposing the
tumour cells to undiluted mouse serum washing and then |
adding complements Using this technique Amos and Nakoﬁ.el_'d
(1961) demonstrated cytotoxic action of iso-antibody on |

earcinoma and sarcoma eells.

Besides cytotoxic antibodies demonstrated in vitro

iso-antibodies with different properties can also be
detecteds These mgy be different antibodies or one single;_
antibody with diflerent activities depending on the
conditions of the tests, Thu= in reponse to homografts |
erythrocyte agglutinating (Gorer and Milulska 1954);
leukocyte agglutinating (Amos 1953) and complement fixing
antibodies (O'Gorman 1960) were found, It is important
to remember that the action of lso-antibody in vitro is
stronger with dispersed cells than with cell clumps or
solid tissue. For example Gabourel and Fox (1959) showed .
that iso-antibodies were not toxiec to L ecells in clumps;

later Gabourel (1961) reported strong toxic changes on |
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isolated L cells growing in diffusion chambers.

Some workers were unable to demonstrate the coytotoxie
action of iso-antibedy in vitre. Miller (1956), for
exsmple, could not find toxic changes in epithelial cells
exposed to the astion of iso-antibody in vitro. O'Gorman

(1960) attributed this to an inadequate complement supply.

Most o the in vitro work was performed on the iso=-
antibodies of the Hy system of the mouse. JAmos 1962
pointed out that reasctions with mouse iso-antibodies in
vitro are often difficult to perform, "Because certain
activities had not been demonstrated, it was often thought
that they did not occur...... The emphasis in the past
has therefore been largely upon activities of the immune
cell itself and upon the delayed type of response which,
| in the tuberculin system, is not mediated by conventional
humoral antibodiea®, One of the limiting factors in the
mouse system i1s the fact that mouse serum in vitro, is
deficient in complement. Brown (1943) believed that it
lacked the 042 complement components That mouse serum
complement is active in vivo is shown by experiments with

diffusion chambers (Algire et al 1957).

Boyse, 01d and Stochart (1962) thought that iso-

| antibody cytoxieity to transplantable tumours could always
be demonstrated in vitro provided the correet proportions

of eells and sera were used. They demonstrated toxic
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chenges in two ascites sarcomata which previous exnerience
showed to be resistant to the action of Hy iso-antibody.
This was due te the use of cells suspensions more dilute

than those commonly used in cytotoxicity tests.

MOller and Moller (1962) have shown that the eytotoxid
effect of an ise-antibody on cells in vitro is proportional
to the anount of iso-antigenic receptors on the surface of

the celle They showed that tumour cells which wers

partially or completely resistent to the action of a singlq
igo-antibody eould be made sensitive to humoral iso- |
antibodies provided that they were treated with a mixture
of antisera produced in different donor genotypes against
the same target genoiype; each individual genotype reacts

against a different atitigeniec site on the cell,

With the in vivo activity of iso-antisera there is no
doubt that lymphomas are highly susceptible to the action
of humoral iso-antibody (Gorer and Amos 1956). Carcinemata
| and sarcomata are regarded by many workers to be, on the
whole, insensitive to the action of humoral antibedy. 1In
gome cases this failure could be due to inability to rsise
adequate coneentration of antibody in the graft. With a
high antibody concentration ensured, Amos and Wakefield
(1959) could lyse both a carcinoma and a sareoma, when
| growing in diffusion chaembers in the peritoneal cavity of

| the mouse.
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The importance of ensuring a high concentration of
iso~antibody around a graft will be realiged from the
work of Gorer and Kaliss (1959) who showed that with certain
iso-antibodies a low concentration may enhance tumour

growth.

Stetson and Demopoulos (1958) were impressed by the
fact that large numbers of plasma cells were demonstrated,
by Darey (1949, 1952), in the bed of skin homografts and
in the lymph nodes draining a homograft, by Scothorne
(1957)e They argued that if these eells were producing
antibody against the graft, then the concentration of
antibodies in the graft would be higher at the site of
production than in the serums Then for purely
quantitative reasons, these antibodies in the serum may be
found ineffective in transferring homograft immunity.
Stetson and Demopoules (1958) showed that when rabbits or
mice were hyperlmmunised ageinst a skin homograft, a
subsequent graft was rejected without the establishment
of vascular connections (white graft reaction). This
type of homograft immunity could be passively transferred
with hyperimmune serum injected at the same time as the
graft. Stetson and Jensen (1960), however, whowed that an
antiserum with a high degree of cytotoxicity in vitro had
no effect when injscted into mice bearing a skin graft for

2=/, days. They believed that this was due to the fact
that iso-antibody cannot reach an ecstablished graft in
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sufficient quantity. Amos (1955) had already demonstrated
that in mice bearing tumours, the rate of removal of
iso-antibody from the eirculation was the same as in
normal animals. Stetson and Jenson (1960) inereased

the eirculation to established skin grafts by topical

application of xylene. Vhen this was done in animals thal
had already reeeived intravenous injeections of éytotoxic

antiserum, graft breskdown occurred in the painted areas. |

As was mentioned in the general introduction to this
work the partieipation of lymphoid cells in homograft
immunity has been known for a long time (Wede 1908, Da

Fano 1912 and Murphy 1926)« Immunity to tumour homograft
(Mitehison 1955) and to normal skin grafte (84LLinGhaMetal
1954) eould readily be transferred with lymphoid cells.

The puzzling questions are the relatioﬁahip of lymphoid

cells to classical antibodies in h;omograft reactions, the
type of cell involved and the mode of its action. Most
authors agree that there is a symnwiergism between "immune" -'

cells and eireulsting antibody (Snell 1957); but few

believe that the two antagonise each other (Batchelor 1963)
Most fav&u:c;. the lymphocyte as the eell involved in the
mediation of homograft immunity, becausc of its well known
immunological eompetence (Lancet 1962).  Thoracic duct
lymphoeytes are mediators in graft versus host reactions and
destruetion of skin homografts. (Gowans et al 1963).

Weaver et al (1955) stressed the importance of the lymphocyte

|




~ lymphoeytes from immune rats could inhibit the Landschiltz

Qe

in tumour rejection.

Woodruff et al (1963) believed that thoracic duct

|
tumour, This tumour is highly susceptible to hetero-

antibody (see chapter I1I)e. The protecols of the
experiments of Woodruff et al indicate that some of the
effect may be duete eirculating antibody since the

. lymphocytes were not completely washeds A eritical
experiment, which should have been included, is to
demonstrate the effeet of the supernatant from the injected
lymphoeytes on the growth of the tumour. Delrome and
Aexander (1964) reported the inhibition of a chemically

induced fibrosarcoma of the rat by thoracic duct

lymphoeytes.

With some tumours the histiocyte appears important in
graft destruetion Amos(1960) Baker et al (1962).

The actual mechanisn of the action of the cells is
poorly understoods They may owe their aciivity to
antibodies of the type found in the serum, Many
investigators believe thzt lymphocytes elaborate a special
form of antibody (eell bound ahtibody), the nature of which

has not yet been demonstrated.

The homograft resction is a complex one and Gorer

' (1956) has demonstrated three histological variants in the

mouses. It is probable that these are different types of
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homograft immunity depending upon the graft-=host combination.
It seems reasonable to assume that in homograft rejeetion
both antibodies and immune cells play a parte. There is ncr:
support for the assumption that immune cells carry a
speeial type of cell-bound antibody, The function of cells

appears to be thelr ability to create a local concentration

of antibody arcund the graft, higher than that in the serun
In the present work, when miece were properly immunised,
a serum has been obtained whose activity approached that of

immune cells,

It is paradoxical that serum removed from mice at
the time of their meximum resistance should enhance the
growth of the Landschiits tumour. The enhancement described
in theseexperiments was characterised by transmission of
isologous scrum given after inoculation of tumour.
Furthermore, it could be accurately measured by haematocrit
estimations. The most striking feature of the enhanced
animals was the small size of the spleens The usual
splenomegaly which develops in response to tumour was almost

completely suppressed by serume

It will be seen from chapter III that enhancement of
the Landschiitz tumour followed the passive transfer of
heterologous lymphoid cellas., This form of enhancement
- was attributed to the profound depression of the
Iimumlogioal status of the host, as judged by diminished
"phagooy'tic function and partisl suppression of antibody




| the later stages of tumour growth. Despite extensive

" the abdominal lymph nodes play an important role in the

9%.

response to foraign red cells. Beecause of iso-antigenie
differences between the ascites tumour and the host, this
depression was sufficient to remove the immunological
reaction of the host to the tumour, and enhancement was

pessible.

The enhancement observed with the passive transfer of
iso-Anbiserum in A/Jax mice was quite different from that
obtalned with heterologous cellss The degree of depreui$n
of phagoeytie function by immune serum was limited to the
first 24 hours after gerun transfer. The treatment of mige
with lipids known to produce depression of phagoeytic
funetion (3tuart et =1 1960, chivas and Frazer 1959) was
not followed by tumour enhancement. It folldws therefore
that depression of phagoeylic function by itself is not
suffieient to e:mlain enhaneement. Splenie repair in
lipid-treated mice was markedly retarded and accorded well

with the finding of lymphoreticular and thymic atrophy in

splenio necrosis, lipid=trcsted animals had the same

survival time as the eontrols, and one must assume thot

reaction to this aseites tumour,

The enhancement of the Landsehiitz twnour by passively
transferred antiserum is perhaps related to immunological
enhancement desoribed by Kaliss and Molomut (1952)« These

authors showed that enhancement of tumour growth eould be

-



e

produced by the passive transfer of homologous immune
serume They used a tumour of strain A origin which

normally regressed in strain @57 BL/6Ks. When ©57 black

miece were treated with an antiserum prepared against strai!lz
A normel or tumour tissue, prior to tumour inoculation, |
there was a marked enhancement of tumour growth, noted by
the progressive growth of the tumour in the alien strain.
This form of enh cemeni was defined as immunological

enhancement. (see chapter IV).

The mechanism of action of the antiserum in the
produetion of enhancement is still debateable. Kaligs
(1958) put forward the theory that antiserum acted direetly
on the tumpur end altered 1t in such a manner that it could
survive despite the hostile enviromment of the host.
Feldman and Globerson (1960) postulated that antiserum
stimuleted antigen production by the tumour. The excess
antigen then neutralises the "cytotoxic immune responset

provided by the host and thus protects the tumour. On

[» 9

the other hand, Snell (1956) and Snell et al (1960) believe

that enhancement was due teo "walling off" of the graft's
antigens by antiserum so thalt the immune centres of the host
were not stimulated.s Brent and Medawar (1962) thought that
enhancement was due to a central inhibition of the immune
response of an unknown nature., Chantler and Batehelor

(1964) believed that enhancesent of tumour growth was due

| to suppression of cellular rcactivity by excess elrculeting
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antibody.

The present work indicates that immunological
enhancement of the Landschutz tumour is due to suppression
of the eentral immune mechanism of the hoste The most
likely explanation of this is the combination of antigen
with an exoess of antibody. Beecause it has not been
possible to detect these "entibpdies" bty complement
fixation, gel diffusicon or in vitro eytotoxieity tests,
they were present only in minute quantities. If this is
80, it is difficult to see how peripheral sequestration of
antigen esn explain the dimin’shed splenic reaction and a
more fundamental mechanism involving & central failure

of antibody synthesis (Uhr and Banmann 1961)may operste. |




Dose of No. of Treatment No. Average Apparent Survivel of
Tumour mice with onset of cures at Remainder
Ascites | Ascites Necropsy (days)
(days)
23 Nil 23 11.7 + 0.7 Nil 28 + 6.7
10 Spleen cells from non-ascitic 10 10.8 0 .3
mice
11 Spleen cells from ascitic 2 34 6 -
109 mice
5 0.5 ml. serun fro. non-ascitie 4 12 X 31.5
mice
5 0e5 ml, serum from ascitie mice 0 0 1= all
agorificed
at 60 days

# 4 mice had solid tumour in peritoneal cavity.




S e s ights
m -
ells b e I=P, rou
No. of mice Immuni zation Spleen wte (g)

and its s/m
19 nil 0.07 + 0.01
20 non viable tumour cells 0.13 *# 0.04
18 vigble tumour cells 0.17 # 0.03







IABLE IV

e vo effect of g L ¢e est
at different times during tumour
development, on the zscites tumour.
Dose of No. of Treatment No. with Aversge onset Wo. with No. free of Survival of
tumour mice ascites of ascites g0lld tumour tumour at remainder
(days) 60 days (days)
23 nil 23 1151 nil nil 28 * 645
8 500 x 10° 0 0 1 7 All saeri-
10 day ficed at 60
Immune days
spleen
105 cells
5 500 x 10° 0 0 3 2 All saeri-
20 day ficed at 60
Immunas days.
spleen
cells
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sraded doses of 10 day AJax immune

d Wi

Time Dose of Noe of No. with Average onget Noe wilh Apparent Survival of

spleen cells spleen nice ascites of ascites solid tumour cures remainder

administered cells (days) (days)
500x106 3 1 11 2 1 L2 x 53

24, hours

before ‘

tumour 100x10~ 4 3 9 2 3 32
500%106 7 5 12 6 1 23

48 hours

after

tumour 10¢:a08 9 g 8 9 nil 25
20x10% 5 5 11 4 nil 26

untreated 17 17 8.5+ 1 nil nil 22 % 345

controls

"
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Dose of [EA; | No. of 4/Jax No. with Average onset No. with Average survival
spleen cells| mige given 105 | ascites of ascites solid tumour | oures of remainder
ancites cells (days) {days)
I=P. :
500 x 108 9 1 " 1 8 A1) sacrificed
at 60 days
100 x 106 n il - 3 8 A1l seorificed
at 60 days
20 x 10° 10 2 18 3 5 30
nil 23 3 115+ 1 nil  nfd 28+ 6.5

'+ = sb.




F‘J]; “g Ed!{g g ™ y 1Y
YR it uIoL
Dose of Noe of mice Treateent loe dth Time of Noe with ‘pparent Survivzl of
Tumour asgltes onset of solid tumour cures remairder
: ascites (days)
{(daye)
23 nil 23 115+ 1 nil nil 28 * €5
A 0.5 ml. of 4 11 4 nil 23 (rance
10 lay 22 - 27
VMIsx
10° serum
10 Ne5 mle of 9 3.5+ 2 8 nil 21 % LS5
10 day
E_@z
scrun
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Dose of No. of nmice “reatment No. with Onset of Survival
Tumour ascites ascites (days)
(dzys)
9 500 x 1P 9 g+ 0 20 +6
apleen cells
10° 10 m1 10 10+ 0 2l.5 % 3
10 0e5 mla 10 1+0 21 +3

Berun




e in vivo ef

t iJdax gerum ziven
3 hr, after 10’ ascites cells

g

Treatment No. of mice | Dose of | No. of mice Average onset Average Survival (dagys)
serum with ascites of ascites _
(mls.) (day=)

10 ascites 4 0.5 4 6 12

cells and

immune

serum A 0.1 A 7 19

107 ascites

cells and 5 0.5 5 7 20

normal

serum

107 only _ 17 nil 17 8e5 ¢ 1 22 ¢ 3.5

wi




‘lua.d._anﬁly:,cﬂ 5 davs aftertumnu_r inoculation.

No. of mice Dose of Treatment Volume P.Ce e Tumour cells Wt. of s=0lid

tumour of ﬁﬁgites % per mouse tumour (mg.)
Expe le 5 107 scorum A - 3¢ x 106 210
5 107 nil 6.7 = 250 x 108 nil
EXpe 2 A 107 serum 9.8 0 370 x 108 -
3 107 nil 647 12 280 x 106 -
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The effect of cholecterol oleate angd

ethyl palmitate on the host
resnonoe te th. tumour,

Dose of tumour Ncs of Tre:ment loe with Tir.e of onset Survival
mice ascltes ¢’ asclites (days)
\ (days)
9 cholesterol 9 8§ +0 20+1
oleate
107 14 ethyl 1 8 +0 2%+ 4
nalmitate in
17 nil 17 85+ 1 22+ 3.5
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Fig. 1t WVeight curves of normal and tumour hea_rirla
animziss The orosses indiocated the
linits of standard deviation of 20
normal controls and the cireles the
average weight-of 10 mice of a_similar
age and sex inoculated with 10° ascites
cells I.P.
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Pig. 23 Welght curve of 8 mice (solid circles)
inooulsted with 10° ascites cells I.P.
and treated 48 hours later with 500
million 10 day immune isologous apleen
cells., Weights of 20 normal eontrols
taken from Fige 1 shown by crosses.
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Fig. 38 Widespread neerosis in the spleen of a
mouse treated with ethyl palmitate L.V
and tunour I.Pe, no signs of regenerstion.
H & x 55.
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Pige 4t Phagooytic co-effigient K in A/Jax mice
inoculated with 10‘ ascites cells I.P, The
dotted lines show limits of standard deviation
of 13 normal controls. Each circle represent

a mouse.
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Fig. 581 Phagooytic mffiqiant K in enhsnced #/Jax mice
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inoculated with 10' ascites cells I.P. and

immune serum. The dotted lines show limits of

standard deviation of 13 normal controls.
circle represents a mouse.
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Pig. 61 Phagoeytic co-efficient K and corrected
' phegocytic co-efficient a in mice treated with
isologous immune serum. The dotted lines show
the limits of standard deviation for 13 nommal

controls, [Each eross represents the average of
‘ animal s.
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Fige Tt Phegooytic co-efficient K and corrected phajgo-
eytic co-efficient o in mice tweated with normal
isoclogous serum. The dotted lines show the
limits of standard deviation for 13 normal
controls. [Each cross represents the average oﬂ
4 animals,
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Effect of passive transfer of 0.5 ml. 10
day immune A/Jax serum on spleen weight
of isologous tumour bearing mice.
X = x tumour bearing controls (2 mice)
Owe=0 enhanced animals (20 mice)

The parallel dotted lines show the limits
of standard devistion for 19 normal mice.
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”_I_nhibiti::n and Enhancement of the
- Landscehutz tumour by heterplogous cellular systenm

dniroduction

In the previous chapter inhibition end enhansement of
the Landschiitz tumour was compared in homologous and
isologous systems, It was pointed out that the use of thJ
isologous system offered a high degree of spescificity.

In this chapter immunization against the Landschiitz tumour
has been carried out in a completely foreign species.

Cells and sera from immunized rabbits were passively
transferred, under various experimental conditions, into
mice inoculated with tumour., Inhibition or enhancement
of tumour growth was demonstrated with the heterologous
cells depending on the experimental manipulation. The
conditions under which the enhancement occurred are
discussed and contrasted with immunological enhancement
obtained by the passive transfer of iso-antibody (chapter

11).

It is well recognised that the transplantation of cells
in a foreign host excite a strong immune reponse. The
sera of animals inoculated with heterologous tissue econtain
antibodies which can easily be demonstrated by both in
vitro and in vivo methods. Theyusually have a broad

spestrum of spescificity.

The oytotoxic activity of heterologous antibodies
in vitro has been known for a long timee. Lambert and -

Hanes (1911 ) demonstrated that a mouse sarcoma could grow |
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in normal rat serum but failed to grow in serum obtained

from rats whiech had previously been inoculated with tumour.
Lambert (1914 ) showed that such antisera were non-specific,
When guinea pigs were immunized with rat embryonie skin,
then thér sera were toxle to rat skin and rat tumour tissue.
Lumsden (1924 , 1925 , 1926 ) performed a series of in |
vitro experiments using several tumours, partieularly

Jensens rat sarcoma and carcinoms M 63. He showed that
heterologous antisera were cytotoxie to tumour eells and
the effect was speeifiecally anti-neoplastie rather than
anti-donor tissue. His work was not confirmed by Pybus

and Whitehead (1929 )« Niven (1929 ) prepared an
extremely potent antiserum by repeated inoculations of {
rabbits with nommal mouse embryo. She found that her ;
antigerum was oytotoxie to a variety of normal mouse tissue
and mouse tumours in the presence of complement, The
entiserum in addition to its ecytotoxie activity had slight
degree of haemolytic, precipitating and complement fixing

action.

Pomerat and Anigstein (1945 a and b) and Pomerat
(1945) prepared sera in foreign species agsinst lympho-

reticular tissues and found that the antisera rescted with

a wide varicty of nomal donor tissue as well ms tumours.
Stuart (1962a) showed that an antiserum prepared in the
rabbit against guinea pig leucocytes contained haemolysin, |

specifie |
Forssman and a variety of orgen/antibodies. The antiserum
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produced inhibition of motility and phagoeytosis in vitro.
Thus the early observations on the cytotoxic action of
heterologous antibodies were extended by later workers whg
also confimed their wider spcetrum of action. Also with
advences in technology, it was possible to study the ultrT
structure of cells damaged by heterologous antibody

(Goldberg and Green 1959) and the biochemical lesions in

such cells (Flax 1956).

With the invdvo action of heterologous immune sera
the reports in the literature are less clear cut and are
sometimes gonfliecting, One of the early in vive
experiments was neutralisation tests ﬁheroby the tumour
was incubated with antiserum in vitro and later re-
inoculated into a suseeptible enimale Nather. (1923),
treated rabbits three times, intraperitoneally, with a
saline suspension of a mouse careinoma. The sera of
such rebbits did not lower the growth power of that tumour
when mixed with it priér to inoculation. More recently
Green (1946), using the neutralisstion test showed that
the serum of rabbits immunized by heterotransplants of
mouse breast tumour was toxic to that tumour. By using
properly constructed diffusion chambers in the peritoneal
cavity of animals Algire et al (1957) demonstrated the
importance of serum antibody in heterograft destruction.
Nungester and Fisher (1954) reported the in vivo inhibition
of a lymphosarcoma of the mouse treated with heterologous
antiserums Horn (1956) did not succeed in
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inhibiting the growth of Ehrlich mouse carcinoma by the

passive transfer of antiserum, prepared in the rabbit.

The relationship of spleen to tumour growth had
interested several sarly workers probably in analogy to
the significance of that organ in bacterial immunity and
the fact that the spleen was a rare sitc for metastases,
Thus Frankl (1913 ) observed that the mixing of spleen
cells with tumour cells prior to inoculstion, inhibited
the growth of tumour. Mottram and Ruse (1917 ) reported
similar findings. More recently other lymphoid eells
were used. Ellis and Kidd (1952 ‘) incubated Brown-Pearce
carcipoma cells with lymphoid cells from rebbits that had
overcome Brown-Pearce carcinoma and later resisted
implsntation with the tumour. They found that after this
treatment the cells failed to grow when implanted in the
muscles of susceptible hosts. Of more relevance to the

experiments in this chaptér 1s the demonstration of Stuart
(19620) that heterologous spleen cells were toxioc to Hela
cells grown in cultures He also demonstrated that the
Lendschutz tumour was partially inhibited by the passive
transfer of rat spleen cells. Latterly (El Hassan and
Stuert 1963 ) rabbit spleen cells were used because they
seemed to exert a greater antitumour effect.

|
In this chapter the inhibition and enhancement of the |

Landschiitz tumour by rabbit lymphoid cells will be




describeds The disadventage of this system is its
inherent incapacity to elucidate basic problems related
to host-tumour antigenic relationships Its advantages are
the precision and reliability of its antitumour effect
which may give some insight into the mephaniem of cell
destruction by immunological mecnanisms, and the
elugcidation of graft host relationship.

Yaterial and Methods

Rabbitsy rabbits of either sex, and weighing between |

1 and 2 kilograms, were useds |
Mice; a total of 2500 outbred male mice weighing
between 17 and 22 gm. obtained from an M.R.C. elosed

colony were used in these experimenta,

Propagation of tumour; Tumour was propagated in
stock mice as was dessribed in chapter I.

Inoculation of tumour in the required dose in
experimental mice was performed in exactly the same
manner as was described in chapter I. The mice were
inspeoted dally, and weighed every 2 days, to the nearest
gran« The onset of ascites was shown elther by a gain

in welght of 5 grams over a period of 2 days, or by obvious
abdominal distension. '
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Controlsy the total number of controls was 469 mice.

In each experiment, the control group included at least 10
animals given tumour cells only. Beoause of the aimilari?.y
of response in these groups the data havebeen pooled, w.tth
the exception of Table IV where the control group developoi’
tumour rather laler than usual. | |

|

DURE; rabbits were injected with

elther ascites cclls or a suspension of B.C.G. Three

immunization schedules were used with the ascite: cells.
Fresh ascites {luid was collected in heparinised medium
199 and washed in 3 changes of sterile physiological aa].tnL
with centrifugaticn wt 4%C, at a speed of 1,200 R.P.M. !
The final centrifugation was made at this speed for 8 f
mimutes, and the tumour deposit made to allo% v/v

suspension, using medium 199 as the diluent.

The first immunisation schedule was used for the
majority of experiments, viz. day O, 0.5 ml, 10% ascites
cells i/v followed by 2 intraperitoneal injections of 1 ml,

on the 3rd and 7th days. The spleens and thymuses were
used 7 days after the last injection, Subsequantly, in

this chapter, cells, or sera obtaliied from these rabbits
are referred to as "immane". |

The second Lmmunization schedule was used to determine
|

the optimal time for harvesting cells or serums. The

rabbits were given a single intrgvenous injection of 0.5 ml.
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of 10% ascites cells, and their serum and spleens were used
3, 7, 15 or 30 days after that injection.

The third immunization schedule was for the preparatipn
of hyperimmune serum for serologye. The first injection
was 045 ml. 10% ascites cells i/v, followed by 0.25 nl. of
a similer suspension in Freund's complet~ adjuvant intra=
muscularly. Booster doses, without adjuvant, were given
at weeckly integvals i/m, for 8 weeks. There were six

rabbits in this group.

Immunization of rabbits with B.C.Gy rabbita immunized
with B.C.G. were given a single i/v injection of freezee
diied B.C.G., in a dose equivalent to 7.5 mg. wet welght
of bacteria. The spleen cells from these animals were
used as a control for non-specific effecte consequent to

immunization.

Preparation of lymphold cells and sera; the spleens
and thymuses from normzl or immunized animals were removed
with‘;septic preccutions. Cell suspensions from these
organs were prepared by the method used for mouse spleen

cells and deseribed in chapter II.

Disintegration of spleen cells; freshly homogenised

spleen cells were digintegrated by ultraesound for l-2

minutess Tha cells were kept at 4°C, during and after

disintegration,



| immunized with tumour according to schedule I« The

| was centrifuged in large tubes at 1000 R.PM. for 5
. minutes., The supernatant was removed and respun at
| 3000 ReP.Ms for 10 minutess It was found that 1l.25 ml.

135.

Preparation of washed immune spleen cells and
supernatant from immune spleen cellsy rabbits were

spleens were homogenised in medium 199 and the suspension
adjusted to 500 million eells in 2 ml . The suspension

of supernatant were equivilant to supernatant from 500
million immune cellss The cells deposited after the first
centrifugation were suspended in excess medium 199 spun at
1000 R.P.M. for 10 minutes and the supernatant discarded.
The cells were finally resuspended in 20% normal rabbit
serum in medium 199. The final concentration of the
suspension was 500 x 106 eells per 13 ml.

Absorbing immune serum with normal rabbit spleen
cells; A suspension of normal spleen cells was made in
the usual manner. This was centrifuged for 5 minutes at
1000 R.P.M. and supernatant discardeds The cells were
resuspended in 40 ml. of hyperimmune rabbit serum and the
mixture was incubated at 37°C. After one hour incubstion
the suspension was centrifuged for 5 minutes at 1000 R.P.M.)

the supernatant discsrded and the cells resuspended in 2%
nomal rabbit serum. This mixture was spun agsin at the |
same speed to remove unabsorbed immune serum. After |

removing the supernatant the cells were finally raauapended:

|
|
1
|
|
1
|
|
1
!



in 20% normal rabbit serum.

Serum; rabbits immunized with ascites cells

according to the first schedule were bled from the external

ear vein, the evening before or on the morning of removing
the spleens. Serum from a group of rabbits was pooled
and either used on the same day or stored at «20°C until
required. Hyperimmune serum was obtained from rabbits
immunized acoording to schedule 2.

(1) Inhibition with cells; groups of mice were
inoculated with 10°, 105, 107 or 10° ascites cells by the
I-Ps Toutes They were injected 48 hours later with 500 x
105 spleen cells from either nomal or immune rabbits. 4
comparison of intaect and disintegrated immune spleen cells
was made by inoculsating tumour bearing mice with
disintegrated immune spleen cells.

The effect of washed immune spleen cells and the

supernatant from immune spleen cells was determined. Mice

. bearing a 48 hour growth of 105 ascites cells I-P. were

| inoculated with 500 x 108 washed immune spleen cells or

the supernatant from that number of spleen cells.

To find the minimum inhibiting dose of immune spleen

|
E
|
|
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cells mice bearing a 48 hour growth of 10° ascites cells
I-Ps wore inoculated with 100 million or 25 million immune
spleen cells.

Do normal rabbit spleen cells absorb humoral antibody
and inhibit tumour growth? To answer this question mice
bearing 105 ascites cells I-P: were inoculated with
500 x 10° spleen cells that had been incubated with
hyperimmune serum as described above.

In some experiments mice bearing tumour were inoculsted
with thymocytes from normal or immune rabbits.

The effeot of normal mouse spleen cells was compared
with heterologous lymphoid cellse Mice bearing 10°
ascites cells were treated 48 hours later wi.th 500 x 106
normal intact or disintegrated mouse spleen cells.

(2) Inhibition with serum; Immune rabbit serum
prepared according to the firet immuni sation schedule was
injected I-P. in doses of 1, 0.5, or 0.1 ml. into mice
inoculated 48 hours previously with 105 aseites cells.
Control mice bearing tumour were inoculated with 1 ml. of
normal serume The effect of 1.0 ml. of immune serum was
studied in mice given either 10® or 107 ascites cells
I-P. 48 hours before.




Spleen cells and serum from rabbits given a single
intravenous injection of tumour (immunisation schedule 2)
were harvested at intervels of 3, 7, 15 and 30 days. The
cells were injeoted in a dose of 500 x 106 into mice given
10° ascites cells 48 hours previously. A single injection
of serum was given in doses of 1.0 mle, 0e5 mls, or O.l ml.
to mice similaerly incoulated with tumour.

Dgmonstration of tumour
enhangement.

In these experiments both heterologous and homologous

cells were used. Groups of mice were inoculsted with
500 x 105 normal rabbit spleen oells 5, 2, and 1 dey beforJ
an intraperitoneal injection of 107 asoites cells, Two
other groups of mice were given the same dose of splcen
cells one and two days after injeotion of tumour. The
controls were injected with ascites cells only and all mice

wvere given the same tumour from a single donor.

Immune heterologous spleen eells were given in a
| similar dose 24 hours before the intraperitoneal inoculation
| of 107 aseites cells, In a confirmatory experiment mice

' were given heterologous or homologous spleen cells 24 hours
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before the inoculation of 107 ascites cells. 4 days
later the peritoneal fluid from test and control groups

was added to 10 ml. of heparinised medium 199, The pack
cell volume was measured in haematoorit tubes and differ
tial cell counts made on Giemsa stained smears.

Measurement of growth rate of tumour from "enhanced"
animgls when injeetsd into normal mice; one group of mice
was injeoted with 107 ascites cells from mice showing
enhancement and another with the same number of cells from
control tumour bearing mice for that experiment. On the
gixth day the mice were saerificed and the fluid analysed
as deseribed.

Serology
Measurement of antibody in sera of rabbits

injected with ascites cells.

Amoites cell agglutination; 0,2 ml, volumes of
ascites cells in a concentration of 30,000 to 40,000 cells
per mm3, were added to doubling dilutions of an equal
volume of immune rabbit serum. Dilutiona of normal rabbit
serum in phsylological saline served as controls. The
tubes were incubated at 37°C for 30 minutes and the highest
sqrum dilution showing strong agglutination was the end
point.

Erythrocyte agglutinstion; sera were inactivated at
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56°C for 30 mimutes. Normal mouse red cells were washed
three times in physiological saline and made tal% v/v
suspension, This suspension was added to nomal and
immune serum prepared in doubling dilutions in perspex
agglutination trays¢ These were ineubated ot 37% for
45 minutes and then left on the bench for a further 45
minutess They were read under the low power of the
microscope. Campact groups of 8«12 eella were taken to
indicate agglutination.

Washed sheep red cells were similarly prepared, the
controls in this instante were normal reabbit serum and
immune rabbit serum insctivated and absorbed with en
equal volume of packed sheep red cells for 1 hour at 37°C.

Preparation of antigens; for other serologlcal tests
the tissues used were asoites tumour cells, mouse liver, |
spleen and normal serume. The tissues were cut into thin
slices, washed with ice cold szline, mineced and washed
againe - A 20 per cent tlssue suspension in 0.9 i:er cent
saline was homogenised for 35 mimutes at 49C and then
submitted to ultrasonie disintegration for 2-3 ﬁimtba's.
The suspension was spun at 2000 B.P.M. for 30 mimutes and

the supernatant used as antigen.

Complement fixation; A standard technique using
2% MoH.Ds 50 of complement was useds Complement was

always titrated in the presence of antigens The end
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point was taken at 50 per cent haemolysis.

Gel diffusion. A double diffusion technique after
Oskley and Fulthorpe (1953) was usede The bottem
layer consisted of antiserum and agar, the middle of 0,8

cne column of agar alone and the top antigen and agar.

The in vitro eytotoxdieity of immune serumy 0.2 ml.

volunes of ascites eells in a concentration of 20,000 ,
cells per c.mm, were added to dnubling dilutions of an
equal velume of immune rabbit serum. 0.l ml. of fresh
guinea pig serum was added to each tubes The tubes were
incubated at 37°C for 30 minutes. Dilutions of nomsl
rabbit serum in physiological saline with complement and
tumour cells in saline with and withrut complement served
as controls. After incubation cytotoxicity was read
under phase contrast micrescopy. Tumcur gells showing
toxic changes were swollen ani had "blisters" forming

1 the surfaces, The muclear membrane was sharoly
definede The end point was taken at the dilution where

50% of the cellc showed toxiec changes.

Tanned cell haemagglutination; A standard technique

(Boyden, 1951) was used. In every titration the controls

inecluded tanned cells + test serum and antigen coated cell
+ saline. The optimal coneentration of antigen for coati
the cells was determined in every case. Sheep red cclls

were used in the test and gera were routinely absorbed.



Groups of mise were given either 500 x 106 immunised
or normal spleen cells I-P. followad 24 hours later by
0«1 ml. of a 10 per cent suspension of washed sheep red
cells (Burroughs Wellemme formolised eells), intravenously,

Blood samples were tsken from the retro-orbital venous
plexus and sheep red cell agglutinating antibody titres

measured.

1
Doubling dilutions of serum starting from 1 in 8 wara%
made in O.1 ml. volumes and an equal amount of 1 per cent |
red cell suspension added in perspex dilution trays; the
mixtures were incubated at 37°C for 45 minutes and at room
temperature for a further 45 minutes. The agglutination
was read by naked eye and mieroscopically.

Following the I-P. sdministration of 500 x 106
immune spleen cells the phagoeytic imdex K and the corrected
phagooytic index o were determined, at intervals of 1, 3 |
and 5 days. The carbon clearance method was used as '
deseribed in chapter 1. |



This was given I-P. to groups of ten mice in a single
dose of either 2, 4, or 8 mg/Kilo of body weights The
animals had been injected I-Ps 48 hours previously with
el ther 105, 106 or 107 2scites cellss

Autopsy examination
- All animals were subjected to aptopsy examination
and tissues wepe fixed in 10% neutral formol saline for
histological examination. Treated animals surviving for

90 days were chloroformed and detailed postmortem
examination was earried out.

Results

In the series of 202 untreated control mice (fable I)
it is seen that the majority of mice developed assites by
the tenth day after tumour inoculation and died with
remarkable consistncy around the twentieth day. 1In the
higher dose of tumour inoculum these figures were slightly
shortenede On the other hand animals treated with
immunised spleen cells developed ascites much later, if at
all, and their survival time wus considerably prolonged.
This applied only to the tumour dose of 105 or 10° aseites
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cells and no beneficial effeet was noted with the higher
doses of 107 and 108, In the latter instances the mice
appeared worse than did the controls and this suggested [
acceleration of tumour growth although the statistics of
the survival times do not support this impression.
Spleen cells from noneimmunised rabbits had little or no
effeat when glven after the tumour.

The welghts of mice inoculsted with 10° ascites cells
intraperitoneally showed a sudden increase about the temth
day due to acoumulation of aseitic fluid (Fige 1)s The
welght ourve of mice given 10° ascites gells and treated
with immunised spleen cells showed an initial drop in
welght but afterwards remained within the limits of

standard deviation for weights of normel mice. Weight
curves of mice bearing 10° ascites cells and treated with |
normal rabbit spleen cells also showed an initial weight
loss to a similar degree but developed ascites at the same
time ss untreated control animals inoculated with 105
ascltes cells (Fige 2).

Table II shows that when the immune spleen cells were
disintegrated by ultrasound their capaecity to delay the
onset of ascites or extend survivel times was markedly

reduceds In the low tumour dose range of 10° ascites

|
cells there was a slight inecrease in surviv al time, part.lyl
contributed to by one animal which survived for 55 days |
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with solid tumour.

The effect of washed immune rabbit spleen cells and
supernatant from immune spleen cells on tumour growth;
out of 10 mice bearing a 48 hour growth of 10° ascltes
oells and treated with 500 x 10 washed immne spleen cells,
6 of the mice survived for 90 deya _md the reaainder
survived for an average of 50 days« The supernatant from
"800 x 10° immune rabbit spleen cells hed no effeot on the
growth of the ascites tumour inooulated in a dose of 10°
ascltes cells I-P. 48 hours previously.

The minimum inhibitory dose of spleen cellsy Table
IIT shows that 100 x 10° and 25 x 105 immune rabbit spleen
cells had no effect on the growth of the tumours |
Consequently the effective dose of 500 x 10° was used in
all experiments while the dose of tumour was varied as
desoribed above.

A1 9 mice bearing 48 hour growth of 10° ascites aemL
and trested with rabbit spleen cells that hed been incubated
with immune serum, died with tumour at the same time as

the untreated tumour bearing controls.

The effect of thymoeytes on the tumours; thymocytes
from normal or immune rabbits had no effect on the growth

of the tumour (Table IV).
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The effeot of normal mouse spleen cells on the
growth of the tumour; Table V shows that normal mouse
spleen cellas had no effeect on the growth of the tumour.

The effest of B.C.G. immnised rabbit spleen cells
on the growth of the tumour; All 11 mice bearing a 48
hour growth of 10° ascites cells I-P. and trec:ed with 500
x 108 B.C,G. immunised rabbit spleen cells, developed
ascites and dled at the same time as untreated controls.

The effeet of immune rabbit serum (schedule 1) on
the ascites tumour; Immune rabbit serum was remarkably
free from toxieity to the nices Large amounts were more
effective than small in inhibiting the tumour (Table VI).
No enhancement of tumour growth was noticed with the
smaller dose of serums With 1 ml. of immune serum some
mice were free of tumour at 90 dayse It is noteworthy
that some mice treated with high serum doses survived
longer thai tie controls but eventually died of solid
tumcur. As the amount of antiserum was decreased the
percentage of animals dying with tumour ascites increased.
Within these dose limits there was a correlation between
increase in dose of serum and conversion of the tumour

to the solid form.

In another experiment 1 ml. of normal rabbit serum
had no effeet on 10° ascites cells inooulated 48 hours
previously.
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Table VII shows that 1 ml, of immune serum had no
effeat on a tumour dose of 107 ascites eells inooulated
in mice 48 hours previously., With the smaller dose of
10° aseites cells 8 out of 9 mice developed solid tumours
These mice survived for more than twice as long as the
controls possibly beguuse of conversion of the tumour to
the solid form,

Optimal time for collection of immune serum and
gpleen cells from rabbits inminized witvh a single Mrwm?l
injection of aseites cellsy; The day 3 serum was inert in
all doses (Table VIII)e Both the 7 and 15 day sera
showed marked activity even in the 0.l mle. doses« The 30
day serum showed a diminished potenoy although the largest
dose of 1.0 ml, prevented ascites in 6 out of 7 mice. It
is notwworthy that 4 of these non-aseitic mice developed

solid tumour, Solid tumours were also obtained with 7 day
immune serum, where their frequency increased as the dose Lf

serum deoreased.

Spleen cells harvested at intervals after a single
intravenous injection showed different effeots (Table IX)
on the asecites tumours Cells taken at 3 or 30 days had no
eytocidal effect whereuq those obtained on the seventh day
showed the greatest degree of inhibition noted in these

experiments. 9 out of 9 mice were free from tumour at
neeropsy 90 days after inoculation of ascites cells.



Table X shows that nomal rabbit spleen cells 1njeeto+l
irto mice by the j.nt.raperitbneal route produced
enchancement of tumour when the latter was inoculated 1 or
2 days after treatment with the spleen cells¢ The treated
groups dwdoped aseites more rapidly and died much sooner

than the controls. When the animals bearing a high dose of

tumour were subceguently treated with spleen g¢#lls the
degree of enhancement was not so marked., Although the

statistios do not reveal a significant differense in survival

time between control and test groups, the latter appeared
to dcveiap ascites more rapidly than usual.

In another experiment a similar degree of tumour
enhangement was obtained in mice treated with 500 x 109
immune spleen cells 24 hours before 107 aseites cells.

Analysis of the fluid obkained from mice treated
with rabbit spleen cells 24 hours before an intra-
peritoneal injection of 107 asoites cells, showed a bigger
volume of aseitie fluid and more tumour cells than the
econtrols (Table XI)e 4 similar increase in tumour cells
was also observed in mice treated with mouse spleen cells
but not with normal rabbit serume Differential counts
on the ascitie fluid from all groups showed thatthe
increase in cell mmbers was due entirely tc the presence

of tumour cells. It is noteworthy that animals given

-
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spleen cells alone yielded only 14 x 10® cells. These
were mainly peritoneal macrophageses

Table XII shows that tumour cells removed from
enhanced animals and inoculated into normal mice grew
at the same rate as did the controls. Both the volume
of the ascites fluid and number of tumour eells in test
and eontrol groups were remarkably similar when removed
and counted 6 days after injection of asecites cells.

.l':l.g- 3 shows that the phagoeytic indices in animals E
treated with spleen cells were reduced for three days.
Recovery commenced by the 5th day when some animals
showed an increased index and others were still depressed.

Treatment with lymphoid cells delayed the aynthouu
of antibody to foreign red cells (Fige 4)s This was
most evident after the injection of spleen cells from
immune rabbits. Normal spleen eells also diminished the
antibody titres but to a less degree.




Serology

The serology showed that theudayimm serum
(schedule 1) was ralati.vely inert in the in vitro tests,
low titres were recorded with complement fixation (Table
XIII) and the tanned cells (Table XIV) gave negative
results, The immune serum aggiutinatod mouse red cells
a titre of 1/16 and sheep cells to 1/2, After absorption
Iulth sheep red cells these titres were reduced to 1/8
and zero respectivelys The oytotoxieity test titres were
the same as the complement fixation titres, |

Thiotepa; (Table xv)' shows that thiotepa had no
inhibitory action on the ascites tumour even when
administered in the high dose of 8 mg/Kilo.

Risgussion

It is olear that immune rabbit spleen cells could
inhibit the growth of the Landnp_ﬁtz assites tumour vhen
the latter was inoculated in doses of 10° or 10° cells
48 hours before. The spleen cells must be intaet to
produce this effest. This inhibitory action of immunised
cells may be interpreted in several ways. It is
oonceivable that the spleen cells, introduced in great
excess to the peritoneal eavity, produced their effect hy

t9




competing with the aseites cells for mitrients. This does
not seem to be the case since no effect was observed
with either nomal cells or those derived from spleens
stimulated by the injeection of B.C.G. Enzymes and
products from necrotic spleen cells gannct *o of
significance in this system because disintegrated normal
Jymphoid cells had no effest on the tumour.

Since the supernatant from immune cells was in-
effective in suppressing the tumour, and washed immune
spleen cells behaved like unwashed cells it follows that
carry over of eireulating antibody does not account for
inhibition of the tumour. This view is further supported
by the experiments with nomal cells sosked in immune serum
which showed that these ¢ells had no measurable inhibitory
activitys While disintegration of the immune cells
nmarkedly reduced their inhibitory action it did not
abolish it completely; the average survival of mice
treated with dimintegrated immune cells being slightly
prolonged,  This was probsbly due to antibody released |

during the disintegration of the spleen cells. The
makked diference of activity between disintegrated and
intact cells stresses the 1mport.an§a of the latter in
tumour rejection unddr these experimental conditions.

However, one gannot eliminate the possibility of enzymatic
degradation of antibody caused by dimintegration of the

cellss The lack of activity of the rabbit thymooyte is
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not surprising since most workers are agreed that little
or no antibody is formed in the thymus.

One cannot tell which type of cell in the spleen is
responsible for inhibition of the aseltes tumour although
the lymphocyte is most likely in view of its well known
immunological competence. (Lencet 1962). #s long ago
as 1912 Da Fano noted the importance of the lymphoeyte in
therejeetion of =clid transplantable tumcurs. More
recently Ellis and Kidd (1952 ) and Weaver (1957) have
stressed the important role of the lymphocyte. Koww
the lymphocyte does not play the dominant role in the |
destruction of all tumourss In the rejection of the
aseites sarcomata and lymphomas histiooytes appear most
important. (Amos, 1961; Journey and Amos 1962; Gorer
1956). The Rtter made s histological study of the
aechanimms of rejestion of tumour homografis and found
that the hosts cellular response varied with different
types of tumours., In some the host reaection was
predominantly of lymphocytes and plasma cells. In other
tumoﬁ:u, and especisally th4 ascites sarcoma inoculated
suboutanecusly, histiocytes were intimately assoeclated
with the tumour cells during their rejection, However with
leukaemic cell homografts the host resction was mainly
exudative and the tumour cells were destroyed before host

cells were seen at the site of injection.

The minimum nmumber of immune heterologous spleen cells
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required to inhihit 10° ascites cells was not accurately
de‘tminedv. 100 x 10° immune spleen cells were not
effectives Thls was in marked contrast to the effect

of isologous and homologous spieen cells where smaller
doses of immunised cells were effective. (Chapter II).
The effect of DBA, spleen cells was particularly strikings
20 million cells produced marked inhibition in homologous
hostss The differences in the killing eapacity of
heterologous and homologous lymphoid cells mgy be due to
differences in survival in the recipients. 4 oont.ributdr.‘
factor could be the production of some degree of graft
versus host reaction in mice receiving heteroiogms cells,
Tn these experiments there were no obvious signs of toxicif
in mice transfused with heterologous cells. Graft versus
host disease would be a grave danger in homologous or
heterologous systems if the cells are allowed to persist
in the host, This complicated the experiments of Wigzell
(1961) who transplanted parental cells into Fy hybrid
animals bearing tumour. Woodruff and Symes (l%é)
engountered graft versus host @isease when -t.hay treated
mouse mammary carcinoma with homologous lymphoid cells.
The immune rabbit serum waas slso quite effective in
~inhibiting the Landschutz ascites tumour and there was a
curious diserepancy between the high in vivo aat.ivit} and
the extremely low in vitro titres obtained by sensitive

immunnlogical methods. Heterologous antisera are devold

by




of spegificity and the sera of rabbits immunised against
the Landsehutz tumour reacted in vitro with several of the

mouse normal organs.

There are several reports in the literature on the
use of heterologous serum in studies with transplantable
tumours, These studies were performed both in vitre and
in vive and reports on the latter were sometimes
contradictorys Niven (1929 ) desoribed oytotoxio changes
in cultures of normal and neoplastic mouse tissues produced
by hyperimmune serum prepared in the rabbits. Toxie
changes in the eells were shown by arrest of nitotié

activity, swelling of the nuclei, Brownian movement of
eytoplasmic gramles and 'blebbing'of the cytoplamm.
Lumsden (1925 ) showed that serum from rabbits and rats
immunised with mouse tumour tissue was toxic for explants
of the tumour but not for explants of other nomal tissues.
Pybus and Whitehead (1920 ) found that the sera of rabbits
immunised with mouse tumour was also toxie to mouse heart
and kidney cells. Harris (1943 ) immunised rats against
a pure strain mouse sarcoma. These sera were toxie to
the tumour cells in culture as well as other normal mouse
tissues. Cytotoxicity with normal tissues was demonstrable
wvhether these were of the same strain of mice that donated
the tumour for immunigation or of a forelgn strain. More
recently Mountain (1955 ) described the effects of rabbit

anti-Hela cell serum on these cells in tissue culture in
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the presence of complement., Goldstein (1957) immunised
rabbits ageinst 4 different human cell strains of normal
and malignant origin. He showed thet the antisera had
species but not tissue specificity. Goldberg and Green
(1959) showed that the exposure of Krebs aseites tumour
cells to immune rabbit serum’ and complement

produced biochemical changes in the cells. They also
studied the ultrastructure of cells incubated with
antiserum. Heated antiserum casused changes in the col;l.
membrane which became foamy and foldeds The multiple
finger-like processes observed were belleved to represent
two sitea of attachment of antibody. .In the presence
of fomplement the antibody produced severe damage to the
interior of the cells, Chemical studies on eells injuréd
by heterologous antibddy and complement showed striking
changes. The cells became more nermeable and Potassium
lesked out and Sodium passed in more rapidly (Green et al
1959)s  Ellem (1958) using the Enrlich caroinoma cells
showed that immunologically injured cells lost phosphate.
Amino acids were also lc3at from the cells (Green et al
1959)s Kalfayan and Kidd (1953) and Colter et al (1957)
reported loss of RNA from cells damaged by immune serum
and complement.

Metabolic changes in antibody-complement treated cells
were also detesteds Thus, Flax (1956) showed that the

utilization of glucose in such cells was interruplted while
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the metabolism of succinate was unimpaireds This could
be due to loas of soluble gluool;rﬂc enzymes from the
oytoplasm and retention of the particulate succinie
dehydrogznose system of the mitoshondria (Green and
Goldberg 1960). Colter et al (1957) found that Ehrlich
asoites carcinoma and 6C 3HED asocites tumour, incubated
vith antibedy and complement, ocould not utilise clé
labelled glyecine.

Thuz in vitro methods indicate that heterologous
antibody and complement act primarily on the cell membrane
producing inoreased permesbilitys This allows the passsge
of water and elestrolytes into the eell with consequent
swelling and escape of macromolecules from the cells.

Verying degreces of success in iphibiting tumours were
reported with the use of heterclogous sera in vivo.
Nettleship (1945) reported regression produced in the
Murpky lymphosarcoma treated in vivo with antiserum.
Nungester and Fisher (1954) reported the inactivation
of a mouse lymphosarcoma by the passive transfer of
heterologous entibody prepared in the rabbit. Mice were
inoculated with serum at the same time as the tumour
followed by 3 doaéa of serum at 48, 96, and l44hours.
When the serum administration was delayed for 96 hours
after tumour inooculstion no proteotive effect was

observed. Flax (1956) showed that the injection of gamma|
|
globulin from rabbits immunised agalnst Ehrlich sscites |
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tunour could prolong the life of mice to about twice that
of the controls. Horn (1956) in a detalled analysis of
the Bn*l}.oh ascites cell, prepared an antiserum to the
intact ascites eell or its fractions. Repeated 1njeoti.0n*
of these sera in mice given tumour did not greatly alter
the mean survival times Ievi (1963) made an antiserum
against AKR/Jax mouse leukaemia in rabbits rendered
tolerant to nomal AKR/Jax tissues. This serum only
slightly prolonged the life of mice bearing the lympho=

sarcoma.

The marked in vive astivity of immune rabbit serum
against the Landschiits ascites tumour made it possible to
investigate the relative role of immune cells and serum in
tumour inhibition. After a single intravenous dose of
fresh intasct ascites cells into rabbits the astivity of the
cells and serum parallelled each other within the dose
| usede This was maximal 7 days after the immnising injection.
| Thereafter the astivity of the cells gradually diminished
while the serum was still effective to some extent 30 days
later. It is reasonable to assume that the antibody

generated by the spleen cells was released into the blood

and that eirculating and cell bound antibody are |
qualitatively the same., This view is consistent with the |
morphological findings in immunised spleens which chow |
cells with pyronophilie oytoplasm and also small spherioles of

. Pyronsphilic material, presumsbly derived from the latter,
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and lying free in the lumen of vessels. The fallure of
this experimental model to distinguish between eirculating
and cell bound antibody may be a. cheracteristic of the
heterologous systeis On the other hand the method of
immunisation and nature of the antigen may be oritical.
The importangce of the manner of immunisation has been
already discussed in the isologous systems (Chapter I1I).

The necropsy findings show that prolongation of
survival time as an index of tumour inhibition must be
regarded with eaution. In some cases the trestment with
cells or serum converted the tumour from the ascitic to
the solid form and altered completely the natural history
of the diseases Untreated mioe died from the progressive
accumulation of fluld and tumour cells within the peritonesgl
cavity; this led to respiratory difficulties, compression
of the intestine and (eminal malmtrition. With the
solid type of growth death was usually caused by the local
penetration of a hollow viscus or large bowel obstruction
from a tumour growing in the root of the mesentery.

Tumour enhancement was first suspected when mice were
inoculated with a large dose of tumour (107 cells)
followed by 500 x 10° apleen cells 48 hours later.
Though their survival was not significantly altered they

appeared to develop ascites earlier than the untreated
controls, and clinically appeared worse. When the spleen :
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cells were glven before the tumour there was a drastie
reduction in the survival times of the mices This was
confirmed in other experiments by finding a higher tumour
volume in mice showing enhancement than in untreated
tumour bearing conticis. 4 similer degree of enhanoement
was noted in mice treated with normal mouse spleen cells.
The behaviour of immunised rabbit spleen cells given before
107 ascites oclls differed markedly from that of isologous
immune spleen cells transferred under similar oonditions.
Whereas the former produced enhancement, isologous spleen
cells conferred some degree of immunity (chapter II).

Enhenocement with heterologous cells is differcnt from
immunologieal enhancement produced by the passive transfer
of speecific antiserum (Kaliss and Molomut 1952 ).
Immunological enhancement of the Landschiits tumour has
already been mentioned in chapter II and its posaible
meschanism was discussed.. Because the enhancement observed
with rabbit spleen cells was demonstrated equally well with
elther immune or non-immune cells it could not be due to
carry over of immune serum. Since the transfusion of
heterologous cells depressed profoundly the immunological
status of the host as judged by the diminished phagooytic
co-efficient K and partial suppression of antibody response
to forelgn red cells, one may conclude that this is
sufficlient to temporarily innibit the host response to any
igso-antigenie differences between it and the aseites tumour
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This removal of immunological constraint, even for a short
time, was sufficient to enhance the growth of the tumour
cellss That enhancement could not be maintained on
subsequent homografting of the tumour is in favour of the
theory that the treatment acted on the host rather than
on the graft.

The enhancement reported in the literature after
treatment of the hosts with vital dyes and certain colloids
may be similar to enhancmment with heterologous cells.
These agents are known to block the retioulo-endothelial
system, Indford (1932) showed that the treatment of mice
with trypan blue, vial red or an inorganic colloid prior tpo

tumour transplantation led to abrogation of resistance of

the mice to the tumomr, Foulds (1932) noted that rabbits
treated with trypan blue were more susceptible to the Brovh—
Pearce tumour. Andervont (1932, 1936) working with
mouse sarcoma 180 noted that injections of trypan blue
before tumour inoculation in mice immunised against this
tumour, led to a lowering of their resistance. He also
showed that tumours of strain A or 03H origin which

normally regressed in strain D mice, grew progressively if|
the latter were treated with trypan blue prior to tumour |
inoculation, Saphir and Appel (1943) showed that i

pxionged administration ef trypan blue in rabbits immuniae{:l
against the BrownwPearce carcinoma destroyed their immmitﬁ'.

The trypan blue was started 3 days before tumour inoou'htioi:
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and continued daily for 15 days.

Kaliss and Borges (1952) compared the effeet of prior
injections of lyophiliged tumour tissue and trypsn blue on
the resistance of the host to tumour transplents. They
utilised = strain speeific mouse tumour that normally
regresczed in alien mouge strains. They found that trypan
blue alone had no effect, while lyophigzed tumour tisscue
abrogated the resistance. They noted however a synirgestie
action between lyophilized tissue and trypan blue in

preparing animeals for enhancement.

The blockade of the phagocytic function by inert
colloid is of short duration anl is often followed by a phage
of hypertrophy (8tiffel 1959 )« 1In all the wvork cited on |
enhancement no measurement of phsgoceytic function wes made
and R.E.S. blockade was only assumed.




ladle I

The effeet oL 5. ;j,_w Do s o oL dndmet rooady woloca ¢ells on graded doses of aseites gells given to mice by the I-P, route.
Time of onset Survival of the
Dose of No.of Mice Treatment No. with Ascites of ascites Apparent remainder
Tumnour : (days) cures (days)
10° 97 M L 97 n 2 NL1 254
Untreated 10° 43 N1 43 10 +3 M1 20 23.5
control 7 :
mice 10 43 Ni1 43 75 2 2.3 Ml 19 242
10% 19 N4l 19 5.8 + 2,2 N1 15 + 5.7
" N
n_ |
10° . 36 Immune cells | 6 3645 23 52
range 13~65
13 Non-immune cells 13 } 10.8 2 2.8 - M1 26,5 2 3.5
Mice 6 18 -Immune cells 12 9 23 -6 25 + 8,5
treated 10 ;
with cells 16 Non=immune cells 16 9.1 2+ 2,6 Nil 2.5 % 5.2
" 24 Immune cells 24 6.0 * 1.0 Nil 18 =+ 4 N
10 - -
10 Non=immune cells 10 503 & 1.0 Nil 16.7 2 5.4
" 9 Immune cells ° 4s3 2 1.0 Nil 13.8 2 5.4
10
9 Non=immune cells 9 1 544 207 Nil 17.6 + 3.6
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THELEL
o effegt of disinteprated lrmuno opr non-ionune pabhbi pleen ¢ells on praded doses of ssgltes our given toa mice by the I=P. ronte.
: Tize of onset Average survival Survival
Dose of No. of Mice Treat=ment So. with Ascites of ascites Apparett of re-ainder of controlgy
Tumour ' ' (days) . oures (days) (days) -
1% Immne cells 13 I3 % m 29,6 2
10° 21.5
11 fion=-imune cells 1 12,9 £ 4.1 il 21 & 4
S Immune ¢ells 9 10 214 M1 21 2 3.6
106 2an
9 Son=inune cells 9 9 +1.9 H1 19 +6.3
10 Inmune cells 10 7.3%1a N1l 122 ¢ 5
107 19
10 Jon-1mmine cells 10 TS5+ 1 il 18 +5
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IABLE TIT

25 cr 100 mi

ion irmunc rabbit s

een ¢

on ascites tumjur cells ingeulated into mice by I-P. 1.ute

Dose cf Fo. of Dose of il e with /Ver:-ge
tumour mice spleen ascites rcnsel Survival
cells (days) (days)
i 100 1¢c 17 leS ¢ 2 5+ 5
10° 18 25 x 106 18 10 0.5 | 25+ 3
3 nil 9 9+ 0.5 21+ 6




Iable IV

The cf och of S x 3,06 thimoeriet fron rqn—imm gxr

dzrune rabihds gn 1o oocites eells ziveg to rics v the J=Pe rpomte,
Dose of No. of Mige Treatment No. with Average onset Average
tuncur Ascltes survival

10° 10 a1 10 15.0 ¢ 23 27.1 ¢,
35

105 10 Kon=icmune 10 1601 & 4.1 264
Thymocytes 348

10° 9 M1 9 10,3 ¢ 1.3 21.0 ¢
6.1~

105 8 Inrune 8 11.3 + 0.8 21.0 *
Thymocytes 3.3




Lable V

Effect of Normel mcuse spleen cells
on ascites tumour.

Dose of Ho. of Treatment No. with Average Average Average onset Average
Tumour Mice Ascites onset of Survival of ascites Survival
Ascites =3 of controls of Controls
105 16 500 x 108 16 12 ¢ 1.9 2%e3 ¥ hel
Intect
Mouse spleen
cellsa
11+ 2 215 ¢ 4
10° 13 500 x 106 13 10,2+ 2.5 | 203 ¢ 2.6
Disintegrated
mouse spleen
cells




he

able

effcet oo sroiel nse3 of imrune wahlt ponm on 105 sscites

golls dven to mice i

Treatment Ro, of ilce Ho, with Ascites Average onset of Ascites do. with Solid Appareat cures Survival of Remainder
(days) Tumouz (days)
Untreated
conirol aci-als o7 97 11 + 2 ml N1l 21,5
froa Tablel
1.0 ml, serum 16 X 13 9 6 165
0.5 ml. serum 10 3 233 7 2 51
0,3 ml, scrum 9 5 15 é M1 40
1
0.1 »l. serum 10 8 13.2 2 Rl 2642




nui of Twmour No. of No. with Average Ho., with Apparent Averzga | Survival in

mice Ascltes onset of Solid cures Survival days of

Ascites Tunour of remainder untreated

(days) controls from

Table T

10° 16 1 13 9 6 b5 25 4

1P 9 1 15 8 1 52 20 ¢ 3.5

107 9 9 1, nl nil 24 19 & 42

4 — .




Relation of time of collection of immune serum to its in vive effesct on 10° a

Table VIIT

scites eells

ven to miece I-=P, Serum

collected at Intervals of 3, 7, 15 and 30 days sfter a single I.V. injection into rabbits of mouse ascites cells.

1l ml,; serum

0.5 nle serum

0.1 ml, serum

Dayof Hoé | Nos Aver- doe Appare Sur- Mo, | Ho, Aver= | o Appar< Sur- {Jo,. | No. ver— | No, Appar-} Sur- | Survival
collect- jof {with age on- | with ent viva! of 4ith age on~ with | ent vivaljof }|with on-{ with ent vival | in days of
ion of [iice] Ascites] set of |Solid | cures jof iice | Ascited set of | Solid | cures } of Mice Asciteqset of }Solid | cures | of 97 untreated
Serum Ascites | Tumour re- Ascited Tumour Tew : scites| Tumour re- controls
Days main- Days malipn- Days o main- | (from Table I)
der der : der
3 9 9 1645 Ni1 | M1 328 9 8 18 W1l 1. |25.6 |9, 9 10.8 | Ki1 M1 |21
of
: tum-
' el 8 0y 2 : 439 19, 3 20 3 4 47
7 8| wM1| M1 1 T 4 5 ) |
rifi-
ced a :
90
days - 21.5
15 g| 1 54 1. ]6 571 0] 1 2 7 {60 |8 | 5 |23 jma |3 41
: g_elrmin- o : |
30 7 1 16 4 2 341 9 6 16 2 1 {38 10 8 '13.211 1 39.5




Tgble IX

Tize in 4ays Mo, of ldece Jo, 1ith Accites wve oewc onget iverage Cures
of nocites Survival
+
3 9 9 2 - ( 1& Nil
.ane O=25 Renge
12-37
7 9 Nil - Se rifi- 9
ced at
90 days
15 g 3 40 days €2 VA
wrnee 10 =58
30 74 € 13 days 21.7 3

ange 12-32




Table X

Enhancement of aseites ur b e Mice were ated
00 x 10° normsal rabbit s en cells at various time intervals before or
after the intraperitoneal injection of 10/ ascites cells.

Time before 107 No. of mice Average onset Average survival
of ascites (days)
(days)
5 days 10 bedp & 2.5 13.3 2 5.1
2 days 9 L+ O 1.1 ¢ 2.4
1 day 18 5+1 10.5 * 3.6

Untreated control given 107
ascites cells only 43 Te5 & 243 19 ¢ 4.2

Time after 107

1 day 9 belp *+ 0.8 19.5 +_ 6.4

2 daya 10 53 * 1.0 1607 : 5e4




Table XI

inalysis of the iscites Fluid obtained from mice treated with heterologgus
or homologous tissue 2/ hours befeore intraperitoneal inoculation of 10

ascites cells,

The fluid was taken 4 Jays after injection of tumour,

No. of mice

Treatment given 24
hours before 107

Volune of

Lscites

Packed cell volume

hverage No. of lAscites

Leightof solid

rabbit serum

fluid in mls, cells per mouse, tumour (mgs-)

tumour cells :

10 Nil (control) 11 20, 101 x 106 Nil

6 -, o 6

7 500 x 10° normal 20,5 197 339 x 10 600
rabbit spleen -

7 500 x 16° Mouse 18.0 22/ 283 x 10° Ni1
spleen cells

10 1ml, noral ‘ 13,0 25" | 148 % 106 Nil




"wiun tunour from mice showing tumour enhancement.
Flul

d was analysed

days after intraperitoneal

injection of 107 Ascites cells.

No. of Mice Treatment Yolume of Packed cell Cells per
Ascites Fluid volume mouse
107 tumour
cells from
3 oo 22 mls. 16% 257 x 1P
mice
107 tumour
6 cells frg 23 mis. 16% 283 x 10°

mice




Table XIII

Titres obtained with mouse tissues ani rabbit antiserum by
gomnlement, fixatior.

Antigen 1/, day serum hyperimmune serunm

disintegrated ascites

cells 8 64 = 128
supernatant from digintegrated

cells 2 128 - 256
kldney ALR: 256 = 512
liver 2 128
spleen 2-4 256 = 512

mouse serum trace trace




Antigen 1/, day serum hyperimmune serum
ascites cell supernatant 2 10,000 +
kKidney nil nil
liver nil 320
spleen nil 640
mouse serum nil 1280




Tsble XV

The effect of Thiotepa on the
growth of the aseites tumour.

(Data for controls same as table I)

Dose of Dose of No. of Mice No. with Average onset | Average
Thiotepa Tumour Ascites of Ascites Survivel
{days) (days)

105 10 10 12.4 ¢ 1.3 273 ¢ 1.2

2 mg/Kilo 108 10 10 10,2+ 1.1 | 23.7 ¢ 345
107 10 10 10.2 ¢ 4e7 | 2043 & 49
10° 9 9 124¢1.1 | 25 +39

4 mg/Kilo 108 10 10 1.4+ 1.3 | 23.8¢ 3.3
107 10 10 9+0 17.9 ¢ 2.8
10° 9 9 12,6 ¢ 3.4 2394+ 5

8 mg/Kilo 10° 9 9 8 + 21 | 172+ 47
107 10 10 7 + 21 19 ¢ 49
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GMS.

o 2 4 6 8 10 12 14 6
TIME IN DAYS

Fige 13 Weight curves of mice treated with imnmune
cells.

%—¥%—¥—x Limits of standard deviations of weights
of 29 normal mice.

Mice given 10° ascites cells treated

@@ 48 hours later with 500 x 10° immune
intact rabbit spleen cells,

M A L 5 i .
O—8—0—®1Mice given 10” ascites cells only (38 nic
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WT.
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o 2 4 6 8 10 12 14 16
TIME IN DAYS

Fig. 21 Weight curves of mice treated with nomal
rabbit cells.

Limits of standard deviation of weights of
X—*—X—X 29 nomal mice.

Veight curves of mice given 10° aseites
o—o—0—o cells intraperitoneally and {reated
48 hours later with 500 x 10° normal

intact spleen cells.
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Figs 3t Response of mice treated with normal rabbit spleen
cells to intravenous injeotion of colloid carbons
Each point represents the mean of K for a group
of seven mices The dotted lines are the limits
of standard devistion for 20 control mices
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Fig. 4t The response of mice treated with rabbit
spleen cells to a subsequent intra=-
venous injection of sheep red cells.

¥—%—X—X Oontrols given sheep red cells only
(15 mice).

Mice given normal rabbit spleen cells
¥ - X- -%=X 24 hours before sheep red cells
(7 mi.cll).

" " e __Mice inoculeted with immune rabbit spleen
Q=g eells 2/ hours before sheep red cells
(8 mice).

20
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Enhancement of tumour growth.

al ba °

Over the past sixby years it has been increasingly
apparent that under certain gxperimental conditions the
growth of a tumour homograft;gheilitatad by appropriate
corditioning of the host. This phenomenon has been
deseribed under various names in the literature viz.,
acceleration of tumour growth, enhancement and the XYZ
effects In the ease of the gtrain gpecific tumours
enhancement occurs when such a tumour breaks through the
homograft barrier and grows progressively in an alien
strain in whi&h it normally regresses, With the less
strain speeific tumours, enhancement is detected when
inereased numbers of "takes" of tumour homotransplants
result, or when the tumour grows more rapidly with or
without increased mortality to the host. There are
different means of produecing enhancement, and though the
conditions leading to it may be different the end result
‘ is the same. Breadly speaking there are specific and
non-specific causes of enhancement. In the former
category falls immunological enhansenent (Kaliss 1958),
| which is due to contact between the grafted tumour and

specific antiserum against the tissues of the strain of
origin of that tumour. Immunological enhancement of the
Landschiitz tumour by the passive transfer of antiserum has

already been deseribed in chapter II.




| was induced in the host. Flexner and Jobling (1907) were

Yize

There are several causes of non-gpecific enhancement

of tumour., It was observed in chapter III that the pasasive

transfer of heterologous spleen cells could, under certain
experimental conditions, enhance tumour growth in mice.
That was a form of non-specific enhancement despendent on
the depression of the immune reponse of the host. Other

forme of enmhancement and related phenomena will be

discussed later.

Lerly work on tumour ephancement,

In the curly part of this century there were several
attempts to immunise animals against transpliantable
tumours. The impetus for this work was the discovery that
the regreasion of a tumouwr homograft could render the
animal immune to a second graft of the same tumoures
Several workers tried to immunise animals against tunour by
using dead tumour cells or extraot of tumour tissus. They
found that under these eircumstances the growth of some

tumours was facilitated and a state of hypersuseceptibility

the first to notice tumour enhancement while working on a

transplantable sarcoma of the rate They found that the

|
injection of a hested sarcoma emulsion into rats 10 to 30 i
1
days prior to their inoculation with live sarcoma cells H

led to an inerease in the mumber of tumours developing in |
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effect was most marke] if the rats were repeatedly injected

such treated animeals as compared with the controls. The

with the heated tumour emulsions

Gaylord (1908), however, using the Buffalo spindle
cell sarcoma of the rat in a manner similar to Flexner and
Jobling was unable to demonstrate any enhaneing effect on
that tumour when hostswere pretreated with heated tumour
.material. This was perhaps the flrst indication, which
was confirmed by later workers, that the phenomenon of
erhancement could be demonstrated in certain tumour host
combinations and not in others. Gaylord (1908), however,
succeeded in produeing enhancement of a transplantable
mouse tumour by pretreating mice with tumour or normal

mouse tissue.

Haaland (1910) showed that mice treated with
disintegrated tumour tissue and challenged 15 to 20 days
later with the same but viable tumour, developed larger
tumours than the untrcated controlss Enhancement of
tunour growth could also be produced by prior treatment

with disintegrated embryo tissues. When mice were treated

with live embryonic tissuc prior to tumour challenge, the l
animals were immunised sgainst the tumour. The experj.menzi:
were repeated uging normal spleen, liver or whole blood |
' and again it was evident that pretreatment with

| disintegrated tissue produced emhancement, but intact

|
tissue immunised against homologous tumours
1
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Ieiteh (1910) produced enhancement of mouse carcinoma

63 by pretreating the host with a saline extract of the
tumour. The mice recelved three inoculations cof the |
extract at 10 day intervals. 24 hours after the last :
injection, they were challenged with living tumour. [
A week later 78% of the mice pretreated with the tumour }
extract developed tumours, but only 33% of the controls d:.zl
so. Chambers and Seott (1924) accelerated the growth |
of the Jensens rat sarcoma by pretreating rats with the

solid residue of tumour emulsion that was allowed to auto-
1yse at 42%., Bisceglie (1926) injected mice on each of
4 alternate days with 0.25 ml. of cell free Berlcefeld-Kaﬂ*
filtrate of a transplantable mouse tumour, and challenged
theml0 days afterwards with living tumour. He found

that the extraet markedly enhanced tumour growthe.

In the thirties, Cuscy, who was the first to coin the
tem XYZ effeet to the phenomenon of enhaneement, reported

in several papers his work on the problem of tumour

enhancements In 1932 Casey produced enhancement of the
Brown-Pearce carcinoms of the rabblt by pretreating the
animals with a saline emulsion of a tumour that had been
placed in the ice box for 3 weeks. The experiments
were repeated 7 times though the tumour emulsion was then
prepared from tumour stored under paraffin in the ice
box. Two months after a challenge with living tumour all ,

animals pretreated with non-living tumour emulsion had
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tunours. Only 68% of the unconditioned controls

developed tumours, In the former group the tumours were

larger, mortality was greater and metastases more common

than in the controls. :
Casey (1933, 1934a) showed that the enhancing or XYZ ‘
effect was specifice. Thus he showed that an extract of
the Brown-Pearce carcinoma did not enhance the growth of \
the Bashford tumour of the mouse. :
The hypersensitivity induced in rabbits by homologous
tumour enhaneing msterial persisted as long as seven mon
after the cessation of the enhancing treatment (Casey 1934b).

The Brown-Peargce garcinoma, investigated by Casey,
usuglly regressed when it was inoculated intracutaneously
and vas only propagated by testicular inoculations. When
rabbits were treated with homologous tumour emulsion,
intrscutaneous tumour inoculations grew progressively and

even metastasised (Casey 1934¢).

It would be misleading to assume that pretreatment of

| host with noneliving tumour tissue always produced
enhancement of a subsequently inoculated living tumours
There are several recordedéxamples of immunity to a
transplantable tumour induced by pretreatment with tissue
extract. This in faet is not surprising, sinee several
different factors in the design of an experiment determine

. the occurrence of either inhibition or enhancement. This
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fact will be elaboratel later in this discussions Suffice
it to mention at this point that the antigenie relaticnship
of the tumour and the host, the dose of tissue extract used
for conditioning of the host and the interval between such
treatment and challenge with living tumour inoculum are all
important. It is therefore not surpriging to find that
some authors reported increased immunity in animals
pretreated with tumour extrsct. Bridre (Il907) inereased
immunity to a tumour homograft by pretreating the hostswith
tumour extrscts The tumour he used was a mouse neoplasm
that regressed in about 50% of mice inoculated. When
mice were given three injections of tumour extrast and
challenged with living tumour 32 or 34 days after the first
injeotion, the incidence of tumour regression was 100%.

Kopinow (1920) reported that tumour immunity was induced

in mice pretreated with boiled tissue of that tumour,
Inhibition of the Fhrlich mouse carcinoma was produced by
the pretreatment of mice with an extract from the tumour
(Domsgk and Hackman 1935).  Suglura and “enedict (1931)
immunised rats against Sugiura rat carcinoms by & hested

tumour emulsion inoculsted hefore wiable tumour cells.

Regent work on tumour ephancement:
Zhe devdopuent of the congepd

immunalag 2 Y

It is clear from the above resume that the early work
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on tumour enhancement was perforued on random=bred animals,
Further developments i1 the field of enhancement were made
possible only by the use of inbicd animal strains, the
development of the genetics of transplantation immunity
(Iittle 1914, Gorer 1937, 193¢, and Snell 1948) and the
improvement of the in vitro serological teechniques for

the detection of iso-antibody (Gorer and Mikulska 1954).

Lewis and Lichtenstein (1936) were the first to
produce enhancement of a strain specifie tumour. The
tumour, which was a carcinoma induced by 1 s 2 ¢ 5 5 6
dibenganthracene in strein A mice, was inoculeted every
5 days into 24 Sagg albino mice in which it normally
regresscde. 19 of these mice developed one or more tumoursi,
some of which were transplantable into normal Bagg alhino
mice. It is noteworthy that Lewis and Lichtenstein used

living tumour to prepare the rice for enhancement.

Snell et al (1946) showed that stimulation or
inhibition of transplanted tumours in animals pretrested with
non=living twnour naterial, was dependent to a large extent
on the tumour and stocks used. They demonstrated that when
strain C57 BR, 057 BL or BALB/c mice were repeatedly
' injected with lyophilized strain A cardinoma 1509/s, they
becane more susceptible to a subsequent challenge of the
| same tumour., But & similar series of inoculations of C57
| BL myeloid leukaemia C1498 failed to condition the inbred

j streins for enhancement.
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Kaliss and Newton (1949) showed that the enhancement

due to prior inoculation of lyophilized tumour tissue was

dependent on the dose of the lyophilized tissue, at least
in some tumour host comhinstions. They used a mouse .'
manmary tumour of 057 black origin which grew progressi.vd!,l
in about 50% of normel CgH Jax mice. Treatment of

G Jax mice with lyophilized C57 black tumour prior to
inoculetion with live tumour produced different results,
depending on the dosage o; the lyophilized tissue. Small
doses produced inhibition, whereas large doses enhanced the

tumour growth.

Kaliss and Suell (1951) found that the-pricr injeotionl'
of an alien mouse strain with lyophilized normal tissues,
derived from the strain of origin of a tumour, could pmdua'!e
enhancement of that tumour when subsequently inoculated.
They therefore concluded that the growth enhancing agent ol

agents werc present in normal as well as in tumour tissues.

Kaliss and Awnet (1950) compsred the enhaneing effect
of fresh tumour homogenate and the ultrafiltrate of the
homogenate and concluded that the latter was devoid of

ehhancing activity.

The observations on the tumour-enhancing effect of
tissue extract raised the questicn as to whether these

extracts contained some growth-stimulating factor or whetheF'

they produced their effeect through an altered tumour-host
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relationship., In an attempt to answer these questions,
Kaliss postulated that the enhancement encountered in his
experimental procedure was due to an immune mechanism.
He based his argument on the fact that amall doses of
lyophilized tissue produced immunity while larger doces led
to abrogation of immunity. This suggested thak an immune
phenomenon, rsther than cancer-stimuleting substances, was
involved. Support for this conelusion was furnished by
the demonstration of Kaliss and Molomut (1952) that
enhancement of a tumour homograft eould be mediated through
the passive transfer of antiserum. The enhancing sera
were prepared in rabbits or alien strain of mice against a|
tumour of stpain 4 mice, Prior injection of these antiserg
in C57 Blaock/6Ks led to progressive growth of subsequent
incculation of two speecific strain A tumours. These

tumours regressed in untreated C57 Black/fKs mice.

|

The enhancing =ffect of the antise:um was associated |
with the globulin fraction and was most concentrated in the;
¥ globulin (Kaliss and Kandu‘seh 1956)s That the
activity of the antisoera was not due to recovered homologous
tissue extract used in the immunisation procedure was proveii
by the faet that the physical and chemical properties of th%
antigerun and tissue extracts were different. The |
activity of the antiserum was not impaired by trestment witiq
sodium periodate, or heating to 56°C, but was destroyed by

heating at 100°C. Tissue extract produeing enhancement |
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were destroyed by thesc procedures.

An interesting obg rvation made by Kallss (1955a) was
thet the injeetions of ¢ortisone along with tissue extract|
abolished the ability of the lstter to induce enhancement.
This was attributed to the suppressicn of antibody

production which was thought to be neeessary for enhancement.

Snell etal (1943) made a detalled study of the
tumous "immpunity" induced in mice with lyophilized tissues,
They investigated the degree of immunity as influenced
by 4 different varisbles viz. tumour type, host strain,
source and dosage of the lyophilized tissue. They used 7
different inbred mouse strains and 9 different tumours to
provide lyophilized tissue for injection of fresh tumour
tissue for inoculation. Thus 45 different dombinstions
were testeds Mice were given a series of injections of
iyophilized tumour tissue or, in a few cases, of lyophilized
normal tissue, and inoculsted with living tumour 10 days
after the last injeetions 1In the unconditioned controls
the tumours showed moderate growth followed by regression.
In the mice pretreated with lyophilized tissue, the results
depended on the particular host~tigssue combination used.
In some combinations growth of the tumours was almost
completely inhibited; inchers, it was stimulated to the
point where 70 to 100 per cent of the mice died. One
tumour gave strong inhibitlon or stimulstion according to

the strain in which it was tested. In a few cross tests




-181,

between different tumours there were indications of some
specificitys A4s a result of this extensive work, the
authors concluded that the host-tumcur combination was
the significant factor in determining whether inhibition |
or stimuletion was produced. They, however, could not
exclude the imﬁortance of other factors not revealed by

their system.

It is clear thet in mest of the work on enhancement
non=-living tissue was used %o prepare the host for
enhancement. Kallss, however, in 1955, (Kaliss 1955b)
ghowed that enhancement of a tumour could be produced
experimentally by repeated inJections of living tumour in
inecmpatible hosts. Iiving sarcoma I, which is indigenous
to strain A mice, was incculated in C57 BL/6Ks mice in
which it regressed. Two months later the mice were |
challenged with the same tumour and in a significant
number the tumour survived. VWhen the interval betuwen
the two successive tumour inoculations was reduced to one

or two weeks, the second graft regressed.

In Gorer's experience with 8 transplantable tumours,
enhancement of a tumour by repeated Lnoculation of wviable

tumour cells was not possible (Gorer 1956).

Snell (1955) studied the speeificity of the enhancing
effect in inbred strain of mice. He used mice of known

geno~type with respect to the Hy locuss Using different
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combinations of enhancing lyophilized material, hosts and
tumours, he showed thai enhencement could occur if the tumour
and enhaneing tissue shared a common histocompatibility
factor which was lacking in the hoste He conecluded
thereforey, that the enhancing substance must be a product

of the Hy locus and that it was probably iso-antigen.

There is a direset correlation between the enhancing
effeet of an iso-antlserum and its ability to agglutinate
the red cells of the tumour-dongre The enhancing effect
eould be completely abolished by absorption with homologous
tumour and reduced by absorption with donor red cells,
Kaliss (1958). Thisindieated a probable identity between
the enhancing entibody and Hp antibodies. Keliss (1958),
however, pointed out that this relationship was not proven
beyond all doubts In fact the BP8 tumour of C3 Hy mouse
origin and of HoK antigenic complex could be enhanced by

iso-antiserun prepared in strain A mice. The latter strain
has all the Hp antigens present in GgH mices Kaliss thougisxt,
therefore, that the antigens responsible for the enhancement
in this particular situztion could be due to undetermined

H, antigens or perhaps to incompatibility at loci other than

the Hy loeus.

The factors leading to immunological enhsncement are
complex and as yet not completely understood. For example,
different tumours of the same strain of mouse may respond

differently to the enhsncing treatment (Kaliss 1958)« The
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sape tumour also may show dif"erent degrees of enhancement
in different hosts. Also, in a single strain females
sometimes show a higher degree of resistance to enhaneing

procedures than males,

The antigenic difference between two mouse strains is
noty by itself, enough to ensure the possibility of
enhaneing a tumour from one strain into the other. Thus
Kaliss and Lryant (1953) hove shown that sarcoma I of strai
A origin grew in nomal Cj /Ks mice for a short time but
eventually regressed. Vhen C3 H/Ks mice received 5
inoculaticns of sarcona I at intervals, the mice maintsined
a heightened resistance. However, despite this inereased
resistence, the ice were producing an antibody which could
on passive transfer to normsl Cg H/Ks mice, chhance a

subsequently inoculated sarcoma I.

In summary, the phenomenon of tumour enhancement was
observed in the esrly part of this century. Recent

investigators confirmed and extended early observations.

All this work culminated in the recognition of immunologicall

enhancement, largely due to the work of Kaliss and his
collaborators. Kaliss (1958) defined immunological

enhencement as "the successful establishment of a tumour

homograft and its progressive growth (usually to death of
the host) as a consequence of the tumour's contact with
specific antiserum in the host". The antiserun may be

activel y produced by injecting the host with tissues from
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the strain of origin of the tumour, or by passive

Immunisation with hetero- origce=antisera.

Immunological enhancement is specles-specific and to
some extent strain-specifiec, It ig produced most readily
if the enhancing tissue and the tumour donor share antigenJ
controlled by the H, histocompatibility locus, and which are

abgsent in the recipient.

Thus, in immunoclegical enhancement specific humoral
antibodies plsy a fundamental role. Their mode of action,
however, is a mystery. Several hypotheses have been put

forward and these will now be discussed.

Meghanisn of immunological enhancement
Inmunoselection hypothesis

Heusechka et al (1956) put forward the theory of
immunoseleetion in order ic explain why some tumours may
acquire the property of progressive growth in a genetically
incompatible indvidual.s They showed that most tumours
contained cells with different chromesomal number.
Heteroploid cells were theught to be least antigenie (see
general introduction to this thesis) and in a foreign host
environment were selected, Kaliss (1957, 1958) put
forward three arguments against the immunoseleetion hypo-

thesis.
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(1) Tumours from enhanced mice do not usually show

(2)

(3)

a8s.

progressivé growth in untreated mice.
Whereas this is mainly true there are :

intances where progressive growth of an enhaqu

tumour ooourred when it was inoculated in

iy
\
i
1

|

unconditioned animals. Thus Casey et al (1951a)

f
\

were able to propagate enhanced mouse carcinoma \

EO 771 into nommal foreign mice. |
Kaliss showed thet when a mouse was inooulated |
with two successive grafts of an incompatible

tumour, the second was destroyed while the first

became enhanced. To exclude the possibility that

the second graft might have been more specific
than the first, Keliss performed experiments
whereby the same tumour was the source for the
first inoculum in one experiment and second gr
in another; still the second graft was destroy
but the first grew progressively. Immuno-
selection should be operative on both tumours.
If antiserum induced a selection, it would be
expeoted that higher doces of serum were more
effective than smaller doses in produeing
enhancement. With some tumours, enhancement
was more easily produced with smaller than with

larger doses of antiserum.
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Central inhibition hypothesigs

According to this view, the antiserum reacts with
the central immune mechanisms of the host and speeificelly

inhibits thelr reactivity against the grafted tumour.

Kaliss (1957) thought thet central inhibition was an
unlikely csuse of enhancarent. His argument was based on
observations made from experiments performed with sarcoma I
in the incompatible strain C57 BL/éXs mice. He showed
that when a mouse was inoculsted with the same tumour on
two suecessive occasions and if the interval between the
grafts was two weeks or less, the inhibitory immunological
reaction produced as a result of the first graft could not |

be overcome with passive transfer of antiserur administered

along with the second graft.

Mitchison and Dube (1955) have shown that the
enhanced state could be abolished by the introduciion of
lymphoid cells suitably and specifically immunised against
the grafted tumour and isogenic with the recipient. The
results with passively transferred normal cells were
equivocal. I passively transferred iseologous normal cellp
could be shown to abolish the enhanced state then this

would favour central inhibition hypothesis.

Snell et sl (1960) showed that lymph nodes taken from

actively immunised mice were twenty times more suceessful

in opposing the growth of sarcoma I than lymph nodes taken
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from mice which had undergone pretreatment with speoific
enhancing antisera followcl by tumour inoculation.

Although this proves that the antiserum interferes with
the development of an immune response it does not

conclusively show where the antiserum aets. One could
argue that it aets centrally on the reaction ecentres but it
is also ccngeivable that it neutralises the antigen in the

graft and prevents it from reaching the lymph nodese

Bfent and Medawar (1962) woriing with skin grafts
have éhoun that a speeific antiserum injeected intec animals
could prevent sensitization of such animals by tissue
extrascts; the serum was injected 2 or 3 days after the
extracts. If the antigens were exposed to the antisera
in vitro, the antigens could still gensitize in vivo.
They concluded "antlgerum prebably affects the process of
gsensitization itself, acting by a central inhibition of
unknown character rcther than by obstrueting the afferent

or efferent pathways of the responses

The results with the Landschute ascites tumour agree
with those of Brent and VMedawars It has been shown
{chapter II) thet enhancement of the Landsohits tumour
ococurred when serum was inoculated 48 hours after tumour.
The spleens of enhanced nice were much smaller than those

of mice bearing tumour aldne, indicating a ¢entral inhibiti

iMe
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Ihe efferent inhibition hypothesis ;'

Kaliss advanced the hypothesis that immunological
enhancement of a tumcur was due to a physiological

alteration in the tumour occurring as a result of contact

with an antiserum specifieally directed against ite This|!

physiological change in the tumour allows it to survive
despite the hostile enviromment of the hoste He found
that an enhanced tumou: showed a greater rate of growth,
not only in the alien strain, but also when it was
retrangplanted into the strain of origine In support of
his hypothesis, Kalios (1958) cites the experiments of
Gorer (1942) in which the growth of sarcoma and a lymphoma
were accelerated when exposed to antiserum in vitro before
inoemnlation into eppropriste hosts. Kaliss (1958) also
demonstrated that the growth of sarcoma I incubsted with
iso=immune scrum in vitro overnight, and then inoculated
into C57 BL/Ks hosts, grew progressively; <fresh untreated
tumour did not. However, when the tumour was incubated
with normal serum or aven with saline it also grew

progressively in normal 57 DL/Ks mice.

Brent (1961) pointed out that the physiological
change, as envisaged by Xaligcs, does not allow the tumour t
overcome the second set respcnse of the homograft reactions
as the tumour from enhanced animals did not grow in mice whij
hed been presensitized with living tumour 7 to 14 days

previously.

Lah
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Feldman and Globerson (1960) showed that enhanced
tumours elicited a homograft recction but despite this
they grew progressively in foreign hosts. They postulated
that a passively transferred antiserum ceaused a tumour
homograft to emit more antigens, The excess soluble
antigens reacted with the homograft response evoked by the
tumour and "neutralised" it. The tumour was therafore
protected from the hostile environreht of the host and

enhancement was possibls,

Some investigators postulated that enhancement of
tumour growth was due to blockade of the afferent side of
the immune response. They believed that passively
transferred antiserum prevented the antigen from reaching
the reactive centres of the host. In 1956 Billinghen,
Brent and Medawar put forward the theory that the tissues
of the mouse had two types of antigens which were
determined by the same histocompatibiliily genes. These
two sets of antigens wei. respeetively, transplantation
antigens (in the nucleus), and haemagglutinogens (in
eytoplasm). Humcral antibodies against these antigens
rescted with boih antigense. In the preparation of tissues
to produce enhancement the transplantation antigens were

inactivateds On injecting this tissue extract into mice
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a haemagglutinating antibody was produced which cross
reacted with transplantat’on antigens of a subsequent
living tumour transplant and thus blocked them and
prevented them from regching the reactive centres of the
host. However, these same suthors failed to confim the
presence of two types of antigens in nucleated cells

(Brent 1961).

Snell (1956) also postulated an afferent inhibition
to explain immunological enhancement, According to his
theory cireulating antibodies were fixed to the graft and

therefore produced "walling off" of the tumour antigens
prevented them fru. reaching the regional lymph nodes. I
support of this theory Snell et al (1960) showed that
normal lymphocytes of the strain of origin of the tumour
injected into conditioned mice abolished the enhancement
of a subsequently inoculated turours In their
interpretation of this finding they believed that the
highly mobile lynphocyte could not be fixed by the antibody
and could therefors reach and stimulate the reastive centres

of the host.

There are several factors contradicting this "walling
off" hypothesis., T[First the amount of antiserum required
to produce enhancement, in certain cirecumstances, 1s
extremely small. Also there is no direct evidence that

&

tumour cells do not reach the regional lymph nodes. AY
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least the direetion of lymph flow favours their transport

=

to the regional lymph nodes. As Kaliss (1962) has pointed
out enhancement could occasionally be produced even if

antiserum was given 7-10 days after tumour inoculation by
which time the imrmune centres of the host should have been

gtimulated.

Experiments carried out by Kaliss (1958) have shown
that tumour from emhanced mice was an effective immune
stimulus and would generate a second set response. When
mice were inosulated with enhanced tumour, they destroyed
a second inoculum of an unenhanced tu.rnour more efficiently.

Snell et al (1960), however, put forward evidence in
support of the theory that enhancing antiserum blocked the
development of cellular immunity which is mainly involved
in homograft rejestion. 1In these experiments the effect
of iso-immune serum on the immune reéponae of both
humoral and eellular types was measured, Forelgn strain
lymphnid cells were injected into mice which responded by
the formation of haemagglutinins. When antiserum against
the injected lymphoid cells was mixed with these cells
before inoculation in foreign hosts almost no additional
antibody was formed. Next, cellular immunity against a
tumour was assayed: antiserum given at the same time ﬁa
the graft tumour depressed the ecellular immunity, while

antiserum given one or more days after the immunising tissue
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also resultad in a lower level of cellular immunity. The
authors therefore concluded thut passively transferred
humoral antibody depressed cellular immunity.

Lastly, Gorer (1961) pointed out that emhancement could,
perhaps, be explained by the interference of humoral antibody
with the function of sensitized cells. This view supposed|
that homograft immunity was similar to delayed hyper<
sensitivity resctions, medisted by cells. Tt is lnown
that delayed hypersensitivity diminiahes with the
development of humoral antibodys Gorer's concept is
shared by Batochelor (1961, 1963):

There were several attempts to identify the agent

present in normal or tumour tissue which conditioned a host

for enhancement.

The enhaneing material was found in mechanieally
disintegrated tissue (Healand 1910); sautolysed tissue
(Chambers and Seott 1924); frozen tissue (Casey 1932);
lyophilized normal or tumour tissue (Kaliss and Snell 1951)

and fresh tissue extract (Shear et al 1954).

Casey (1936) demonstrszted that the enhancing material

obtained from refrigerated homogenized Brown-Pearce




| eombination in fresh tumour and activated when tumour was

| possibility was that the size of the enheancing agent was
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carcinoma could pass through a Berkefeld filter., IlLater
however Casey et al (1951b) showed that Berkefeld or Seitsz
filtration of fresh tumour did not contain evidenee of
the speeific XYZ or enhancing fsectore They therefore

concluded that the material was ‘either bound in some

stored in the cold or that it was part of a2 large molecule

which was not Seitz filtrable. Similar results were [
obtained by Kaliss and Avnet (1950) when using fresh i
tigsue and fresh tissue filtrate to enhance a mouse

care inona,

Shesr et al (1954) showed that the enhancing material
obtained from a centrifuged saline extract of freshly
homogenized tumour was non-dialyzable and did not pass
through a Seitz filter. By differential ecentrifugation
the enhancing meterial was found to be associated with both

thelmitochondrial and mierosomal fractions of the gell.

Thus it was not specifically associated with a particular

eell organelle. One possibility was that its presence in

2 cell fractions was due to contamination. The other

intermediate in size between the mitochondrlie and the

microsomes.

The enhancing material in the lyophilized tissue
prepared by Snell (1952) withstood heating at 1009C, with |

only a slight loss of activity. When the material was
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fractionated, however, its stability to heat was less.
This was attributed to a protective action of the lyophilized
tissue on the enhancing agent or to the possibility that
the process of fraectionation brought about separation of a
thermolabile fraetion.

Shear et al (1954) however found thet the acecelerant
material extracied from {resh tissue retained its activity
when exposed at 45% for 30 minutes, but was destroyed by
heating at 56°C for a similar period of times

Miroff et al (1955) found that yeat denatured tumour

tissue contained an accelerating material, This material

reduced the transplantation and killing times of the 2 1

mammary carcinoma inoculated in the strain of origin. (It
is noteworthy that the tumour had been transplanted for |
40 generations in the strain of origin)e The accelerating
agent wvas extractsble by ether and scetone and was therefere
strongly suspeeted to be lipoid in nature. The material

gave negative reactions with tests for proteins and

Green and Wilson (1956) showed that the extractable

enhancing agent was greater in frozen and thawed tumours

than in fresh tissue. They also belicved that two factors
|
|
phospholipid. Shear et al (1954) showed that the |

constituted the enhancing agent, a lipoprotein and a

enhaneing material obtained from a mouse mammary ominoma;
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was probably a lipoprotein.

Kandutsch (1957) investigating the chemical nature
of the enhancing material found that it was labile to heaty
90% phenol, 80% alcohol and to digestion with trypsin.
This suggested that it had a protein components. Other
tests suggeqted the presence of a carbohydrate component.
He found hexosamine in all active fractions and this
suggested that the two fractions were associated in the fomm

of a mueoprotein.

Snell (1958) pointed out that the Hp antigens were
concerned in hemologous tissue enhancement. The Hp
antigens are also blood group antigens., Since the
antigenicity of the ABO blood groups is due to muco=
polysaccharides, it ig reascneble to assume that the

enhancing agents are of a sim!lar nature.

The unresponsive states
and _their relationship t9

The immunological reactivities of an animal can be
suppressed specifically or non-specifically. Specific
suppression means that the aninmal fails to react to a
particular antigen though rescting normally to other
antigens, These specifie unresponsive states have been

classified by Medawar (1960) into five main categories.

These were immunologicel tolerance; unresponsiveness in
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irradiated animals exposed. to antigen shortly after
irradiation; the Sulzberger-Chase phenomen; Feltons
immunological paralysis and unrespcnsiveness in adult ani=
mals due to exposure to high doses of forelgn proteiln

antigen.

It is noteworthy that the immunological enhancement
of transplantable tumours was not elassified ih thess
unresponsive statess Although immunological enhancement
is highly specific, 33 Ui v pRGGELEESRINL  Par
example in immunological énhencement produced by pre=
treatment of the host with lyophilized tissue, the animal
does respond to the antigen, at least by forming
- elroulating antibody.

For a long time after Paul Ehrlich formulated his
theory of "Horror Autotoxdcus" biologists were in the dark
as to why an animal does not normally respond immunologically
to its own tissues. In 1949 Burnet and Fenner postulated
that there was a period in an animal's early life during
which its immunological mechanism was immature. During
this period it regards any potentially antigenic material
as self and will not resct against its The norn-recognition

of antigenicity could alsc be extended to foreign antigens
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cemg in eontact with the enimel during this early period/
Thus they were able to explain Owen's observation, in 1945,
of erythrocyte mosaic p@ttarn in adt"xlt dizygotie twin
cattle as being due to continued presence of haemopoietic
cells exchanged between the twins through vasoulsr
placental snastamosis in utero. Billingham et al (1953)
confirmed the theory of Burnet and Fehner using the
experimental model of skin homografts in inbred strains of
mices Thoy coindd the term "tolerance®s This is now
defined as the unresponsiveness specifically induced by
contact of a potential antigen with an organism in utero
or early postnatal life (Medawar 1960).

The principle of actively acquired immunological
tolerance was utilized to adapt transplantable tumours to
foreign strains. This was "enhancement" but on a different
basls to immunological enhancement. Thus Koprowski (;955)
rendered ICR mice susceptible to a foreign strain specific
dymphoma and a rat hepstoma by meking the ICR tolcrant of

tumour donor tissue.

Miller (1962) has shown that there was a marked
reduction in the immunoclogical reactivities of mice

thymeotomised early in life, This was manifested, among
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other thinga, by the acceptance of a foreign tumour graft
even when the two (lffered at the Hp locus. Good et al
(1962) have also shown thet transplantation of a strain

specific mammary tumour of the mouse could be successful

in a thymectomised alien strain.

eroi

The effect of steroids on tumour growth variesg with
different types of tumours (Sugiura et al 1950). Foley
and Silverstein (1951) showed that the resistance of G Fy

mice to C3H nice lymphosarcoma was markedly deereased if t

C F3 mice were treated with cortisone. They suggested thj:
the decreased resistance was probably due to depression of
the lymphoid tissue end immune responses in the steroid
treated animals. Howes (1951) showed that cortisone
trectnment of the recipients led to the suceessful
homotransplantation of a mouse adenoeareinoma in a strain

in which it normally regresseds

To conclude, these apparently different foms of
enhancement, mention should be made of the interesting work
of Abd El1 Ghaffar (1963). iHe produced acecelerated growth
of sarcoma 180 in vitre and in vive by using small doses
of an alkylating agent or an antimetabolite. He postulateﬁ
that small doses of the drugs inhibited the growth of a

small proportion of thec tumour cells., Death of these cells




led to the stimulation of the rest of the tumour "either
through humoral factors released from the dead ecells or
throughsome form of binlogical overcompensation", The
author suggested the term "chemiscsal enhancement" for this

biclogieal phenocmencn.

(1)

(3)
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An agseites tunmour was used to study enhancement.
This made possible an accurate quantitative study
of enhanced tumour growth.

A new type of enhancement due to the passive
transfer of heterologous and homologous spleen
cells was deseribed (chapter ITI). The passive
transfer of lympheid ceclls was found to depress
R.E.S. phagoeytic function, and the capacity of

the host to react to a particular foreign antigen

Enhancement was attributed to the depressed immune

response.
Immunological enhancement of the Landschitz
ascites tumour was observed with the passive
transfer of isologous immune serum 48 hours after
tumour inoculation (chapter II)e It was found
that the spleens of enhanced animals were

gignificantly smaller than those of animals beari

ng
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‘ unenhsmod tumonr,_ The significance of this
finding in the :_l_.nterﬁraiat.ton of the mechanisms
of enhancement was discussed,

(4) Enhanoement of tumour growth can follow the
passive transfer of normal isologous spleen
cells, With this treatment the tumour vas
partly converted to the solid form,




CHAPTER V




The changes in the lymphoreticular tissues of nice
bearing the Lendschiltz tumcur have already been described
(chapter I). 1t was noted that in the peritoneal cavity
the tumour grows mainly in the aseitie form. The tumour
'changcs readlily from the ascitic to the solid form after
treatment with serum or lymphoid cells (chapters II and III).
Conversion from the ascitic to the solid form alters
completely the natural history of the disease. In this
chapter the necropay findings in mice dying from either

the solid or aseitic typeé of the neoplasm are deseribed.

Materiel end Methods

The materisl is based on‘the necropsy examination of
snimals nsed in the e ._ilwciiie aecscribed in the
preceding chapterse It comprised 80C white mice from a
closed colony (M.R.C. endocrinology research unit strain).
200 4/Jex Porton strain and 80 0BA, porton straine The
white out-bred mice were used in experiments involving
treatment with heterologous cells and sera (chapter III).
The A/Jax mice were donors and recipients of isologous
cells and sera. 2BAp mice were donors of homologous cells

used in the treatment of 4/Jax Porton mice bearing tumour




(chapter II).

In all the experiments the mice dying naturally of
tumour or those that were sacrificed were subjected te a-
detailed postmortem examinstion. The peritoneal cavity
was inspected for the presence of ascitie fluid. Seolid
tumour when present was measured and its position noted.
In animals treated with spleen cells the peritoneal cavity
was inspected .for the presence of "splenicules" (chapter
VI)s The spleen, liver and thymus were weighed, All
the tissues were fixed in 10% formol saline foliowed by
1224 hours in saturated corrosive sublimste. Paraffin
sections were made and stained with Mayer's haemalum and
eosin. Reticulin was demonstrated by an improved silver
method (Sliddersetal 1958} and fibrin ‘by the acid Piero
Haﬁzry technique (Lendrum 1949). '

Besults

Influence of mouse strein on the growth of the
tumour; There was a distinet va'r_iatién in the rate of
growth of the Landschutz tumour wﬁen inoculated in the dose
of 10° ascites cells by the intraperitoneal route in
different strains of mice. Outbred mice developed escites
by the 12th day and died with remarkable constancy around
the 20th day (chapter III). A/Jax mice were more
resistant and lived for spproximetely 30 days (chepter II).
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The results of passive transfer of splcon cells showed
that the DBA, spleen cells could inhibit the tumour to a
greater extent than A/Jax spleen cells (chapter II).

Pathological changes in untreated mice inoculated
with tumour; the mice inoculated with tumour in the
peritoneal cavity aupeared well for a time and then in
7-12 days, depending on the dose inoculated, developed
visible abdominzl distension due to ascites formation.

Particularly in the outbred mice there was oedema of the

subcutaneous tissues Ag the fluid acsumulated in the per-
itoneal cavity the animals looked more ill and their costs
were rough. Terninally their movement was sluggish and
their skin was cold. A terminal watery diarrhoea was
sometimes observeds TFig. 1 shows a mouse in the late
stages of tumour growih compared with a mouse treated with
spleen cells. The peritoneal cavity of mice dying with
tumour contained 10=15 ml. of zscitic fluide The flwdd -
was rich in tumour cells, protein and a lipid materiel,
that could block the porecs of a Seitz filter. Irregular
gelatinous masses of neerotic tumour cells were sometimes
found floating in the sseltie fluide Occasionelly the
abdomdénal organs were covered by a thin layer of [ibrin.
Invasion of the organs was never noted although in cuue
mice tumour cells werc seen in the veins and simusoids of
the liver (Fige 2). The changes in the lymphoid organs off
mice bearing tuncur have already been deseribed (chapter II).
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It was noted that there was stimuletion of the lymphoid
organs in the early stages of tumour growth but in the late
stages the hosts resistance obllapsed. The spleens of

mice beariné t.umour, for example, inereased to about three
times their normal weight 10. days after tumour inoculstion
but atl death were either nomjal Ior snallgr than normal.

Figs 3 and 4 compare the red pulp of the spleen at 10 ays |and
at death respeectively. The former is cellular whereas

the latter shows congestion and h;.rpocellularity;

Neeropsy findings in mice treated with serum or
lymphoid cells; Aseites was not common in this group and
the snimels died of solid infiltrative growth. This

made it possible to study the morphology of the tumour cells

and their mode of spread in “he tissuea. The tumour 09114
measured 12=14 Al in diameter and had large oval or round |
nuelei (Fig. 5). The nuclear nenbrane was thin and
distinet, The nueclei contained numerous discrete small
basophilic chromatin masses and sometimes round homogeneous
eosinophilie bodies wer~ nresent. They varied in number
from 1 to 4 and measured about 2 A in diameter although
by coalescence they formed culte large assymmetrical masseds
The cytoplasm was faintly eosinophilic and rather opaque;
it did not contain gramules. Mitoses were frequently cccd.
The morphology of the tumour cells in the aseitic fluid wag
similar to tumour cells zrowing in the solid form although |

the echromatin material in the nuelel of the former was
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more uniformly distributed (Fig. 6). .A conspicuous
feature of large solid tumours was the presence of central
neorosis which contained irregular hasematoxyphil bodies that
varied in slze from 5 to 20 A (Fige 7). They did not
stain by Von Kossa method and were Feulgen positive. Some
large tumours with moderate degree of neorosis showed that
the surviving tumour had a parvascular distribution
(Fige 8)s The tumour did not form reticulin and fig. 9
shows preformed reticulin in a paravertebral metastases.
Fige 10 shows the nommal reticulin around the muscle

fibres.

The commonest site for solid tumour was the root of
the mesentery (Fig. 11) where seirrhous tumour encircled
the bowel and led to intestinal obstrustion. 1In two
animals, one treated with heterclogous and the other with
inloéwu spleen cells, tumour in the root of the mesentery
had infiltrated the common bile duet« The gall bladder
was distended with bile (Figs 12) and the animals were
Jaundiceds A tumour in the root of the mesentery
ocoasionally infiltreted radicles of the portal vein and
produced varicosities and thrombosis (Fige 13). Visible

metastases in the liver were rare but were occasionally seen.

The second commonest site of solid tugour growth after
the root of the mesentery was the pancress (Fig. 14) whieh
may be completely replaced by tumours Infiltration of the

stomech mightlead to perforstion and peritomttis (Fige 15).
This was an uncommon complication although a few tumour oalh.a

' in the gastrio mucosa were occasionally seen  (Fig. 16). |
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The pelvis of some mice contalned a mass of solid
tumour which obstructed the ureters with consequent
unilateral or bilateral hvdronephresis. Infiltration of
the kidney by tumour was not common, oecurring only in
three animals. Tumour in the kidney infiltrated around
the glomeruli (Fig. 17) and in one mouse there was

evidence of tubular necrosis (Fig. 18).

In some trested mice, particularly 4/Jax strain, ther¢
were solid tumour masses in the fat of the testiecular

omentum with multiple isclated or confluent masses of tumour

on the posterior abdominal wall and in the paravert:ebral

muscles (Fig. 19).

Two treated mice in the series developed paraplegia.
The first was en outbred mouse inoculated with 107 ascites
cells and 0.5 ml. of immune rabbit serum. .bout 40 dgys
after treatment the mouse develope’ a left sided intra-
sbdominal firm ani immobile swelling (I"ige 20). The
swelling graduslly increased in :zize and the mouse
developed paraplegia. This animal was chlorcformed and

at autopsy th'ere was a mags of solid tumour replecing the
left kidney (Fige 21). There was also a scparate tumour
maas in the root of the mesentery infiltrating the post.eriol
abdominal wall and parsvertebral muscles with secondary

ecompression of the spinel cord (Fige 22), Fig. 23 shows I

tumour infiltrating the paravertebral musecles; *“he muscle



fibres show swelling and proliferation of the sarcolemma.

A cellular reaction composed of lymphocytes and spindle
shaped cells was also seen. The gertebral periosteun

in the vicinity of the tumour was thickened and hyperplastic

(Fige 24).

While blood born metastases were rare, spread by the
lymphatie system was not uncommon (Fige 25 and 26).
Fige 27 shows s metastases in & lymph node which had
started in a marginal sinus. ILymph nodes eontaining tumou
showed reactive changes characterised by inereased prolifer
etion of immature mononuclesr cells (Figs 28). This
however was not always the case and tumour deposits might

be found in lymph nodes without any reactive changes (Pig.

e

29) .

Discussion

The eonversicn of lhe cwicur tc the solid form had
completely changed the matural history of the tumour. It
was observed (chapter I) that the Landschutz tumour was
originally described as a sarcoma. Tjio and Levan (1954)
on the bases of detalled chromosomal studies noted the
resemblance of the tumour to Lhrlich carcinoma and thought
the two were rglateds The histological obsewatioﬁs

described here are in agreement with Tjio and Ievan's
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suggestion regarding the histogenesis of the Landschutz
tumour. It was ohserved thst the tumour was well
vascularised and tumour cells radisted from well formed
blood vessels. The Lumour spread by lymphsties and when
present in lymph nodes it formed dserete masses; it grew
in solid cords or sheets. The absence of pericellular
reticulin did not help and cytologically one canmot
confidently distinguish between reticulum cell sarcomz and
carcinoma although perhaps the rather coarse chromstim
pattern favours the latter dingnosia. It is notewbrthy
that the "nucleoli" seen in tissue sections had an
unusual morphology and may in fact be viral inclusion
bodies. No viral egent was demonstrated in a Seitz

filtrate of the tumour.

The necropsy indings in animals incompletely treated
with either lymphoid cells or serunm show that they died
from the local complications of solid tumour such as
intestinal obstruetion, peritonitis, pancreatic insuffidency
Jaundice, paralysis and widespread metastases. This
agglutination of the ascites cells meant thet the znimals
lived longer then the untrected controls and that the
usual parameters of tumour growbth such as the time of onset|
of ascites and survivel time were both inaccurate and
misleadings The persistent growth of the tumour in the
solid form long after exposure to an immunological

constraint is difficult to explein but teleologically
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represents a defence reaption by the naoplasm against
unfavourable host reaction,

The finding of different growth ratss in different
mouse strains indicates different degrees of host,
resistance. This is probably dua to the t‘aot that the
antigen of the ascites cell is probably physiological and
not a pathological mutant which would be expected to evoke

a similar response in different hostss
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Fige 2¢ Tumour cells in a central vein of the liver.|
Untreated mouse dying of ascites. '

H & E x 700



Fige 31 Splenic red pulp of ap A/Jax mouse bearing
a 10 day growth of 107 aseites cells I.P.
Note the marked degree of esellularity.
H & E x 450.

se deﬁﬁ;‘l with as 14 a
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muacleds H & E x 450,

Fige 61 A ammear of the Landsehuts tunour groving
in the aseitic form.
Leishman stain x 750,
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Fig. 82

Haematoxophil bodies in the e¢entre of
necrotic tumour. H & E x 500

Para-vesculer distribution of viable
tumours H & E x 50.
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Fige 98¢ Prefomed reticulin around tumour cells
infiltrating the para-vertebral muscles.
Retic. stain x 450.

Fige 103 Normal reticulin pattern of pars-
vertebral muscles.

Retics stain x 450.



Fige 128 Solid tumour in route of mesentery (A)
obstructing the ccmmon bile duet. Note the
marked distension of the gall bladder (B).
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Fig. 13: BSolid tumour in route of the mesentery
infiltrating the right kidney (A) and
radieal of the portal vein (B)e The latter
are varicose and thrombosed.

Fige 14: Infiltration of the pancreas with solid
tumour. Note the isolated groups of
surviving glaends. H & E x 225,
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Fige 15: Massive infiltration of the stomach with tumour.
This mouse died of gastrie perforation.
H & B X 130-

Fig. 168 Deposits of tumour cells in the mucosa of the
atomach. H & E x 550,
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Fige 17: Glomerulus surrounded by tumours

Fig. 18: Kidney showing acute tubular necrosis.
Most of the tubuleas show complete
neorosis of the lining cells. The two
tubules in the middle of the picture are
lined by flattened newly generated
epithelium, H & E x 225.



Fig. 19!
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Solid tumour masses in the fat of the
testicular omentum (A), and the posterior
abdominal wall (B)e A/Jax mouse bearing
tuncur and treated with normel isclogous
spleen cells.
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Note

legia,

the extended hind legs and the bulging tumour

mass in the left flank.

mouse bearing tumour and treated with
40 days after

treatment the mouse developed parap

heterologous spleen cells.

An outbred

Fig. 208
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Fige 21: This is the same mouse shown in fig. 20. The
intre-abdominal mass is seen replacing the left
kidney.
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Figs 22: 1id tumour growth infiltrating the
para~vertebral musecless The tumour
is the dark mass in the bottom right
hand corner. H & E x 25

Fige 23: Solid tumour infiltrating and destroying
the para-vertebral muscles.
H & E x 400,



Fige 2k

Vertebral periosteum infiltrated with tumour.
Note the thickened periosteum.
H & E x 400.

Fig. 253

Solid tumour mass in a large lymphatic.
H&ExZ..OD.
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Fige 263 Spread of the tumour by the perineural
Jymphatiese H & E x 225,

Fige 271 Metagptatic tumour deposit in the marginal
simes of ¢ Jymph nodes H & E x 225,
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Fig. 28: Immature monomuclear cell reaction in a
lymph node invaded by tumours. (Tumour
cells are not shown in the picture).

H & E x 1000
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Fige 29: A mass of solid tumour in a lymph node.
There is no reaction to the tumours.
H & E x 450.






In previous chapters spleen cells have been used to
inhibit the growth of the Landschiltz tumour. During this

work it was observed that mice treated with isologous spleen

eells developed "splenicules" in the peritoneal cavity.
By contrast the peritoneal cavity of mice inoculated with
heterologous or homologous spleen cells contained necrotiec
masses of tissue. This chepter describes the fate of
isologous, homologous and heterologous spleen cells

passively transferred to the peritoneal cavity of the mou_!T

Materlal and Methods

The fate of passively tramsferred isologous spleen

' gells; the material was obtained fyrom the autopsy
examination of the animals used in the experiments carried
out in chapter II. In all 4/Jeit mice treated with
isologous spleen cells the peritoneal cavity was carefully
examined for the presence of "splenicules". Their gize,
position and relation to solid tumour masses were noted.

' The tissue was fixed in 10% formol saline followed by
122/ hours in saturated corrosive sublimate. Paraffin
gections were made and stained with Mayers haemalum and

eosin, Reticulin was demonstrated by the method described




' The method of preparing the immune spleen cell suspension
- was the same as the one desoribed in chapter II. The

| animals st 3, 8, 13, and 18 days after passive transfer of

' gells only and were saorificed at the same time-intervals

- splenicules.

in chapter V.

Study of the evolution of the splenicules; 30 strain
A mige were inoculsted with 10° ascités cells I~P. and 48
hours later were trested with 500 x 106 immme isologous
spleen cells which were obtained from mice bearing a
10 day growth of 10° aseites cells given intra-peritoneally.

treated (i.e. test) mice were sacrificed in groups of 5

the spleen cells. The evolution and formation of
splenicules was followed macroscopically and misroscopically.
Control mice reveived 500 x 106 immune isologous spleen

as the test animals. Some of the mice in the test and
control groups were allowed to survive for 60 days then
chloroformed and the peritoneal cavity examined for

The fate of passively transferred homologous and
heterologous spleen sells; homologoua spleen cells were
DBdp oells passively transferred in 4/Jax mice bearing
tumour (chapter II)s The heterologous spleen cells were
rabbit spleen cel})s used in the treatment of outbred mice
bearing tumour (chepter III).
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Besults

The faté of passively transferred isologous spleen i
‘eells; the majority of animals bearing tumour, treated ultlli
‘1sologous eells and autopsied 60 days lster, had |
| splenicules present. These were often situated in the fat

of the testicular omentum, the omentum and occasionally on |
the surface of the small intestine (Fige 1)« The size |
varied from pinepoints to 3 or 4 mm. in diameter. The ‘
colour was similar to that of the spleen. They differ ed
from accessory splenicules in their lack of encapsulation.
Accessory spleens in the mouse are usually single, rounded
and situated in the region of the tall of the pancreas.

Table I shows that splenicules were found in mice
that had been inoculated with tumour and a high dose of
spleen cells. The presence of solid tumour at the time of
postmortem examination, however, was not essential for the
persistense of splenicules. Normal 4/Jax mice receiving
500 x 10° inmune 1sologous spleen cells showed no splemicules.
. The animals bearing tumollr and treated with normel isclogous

cells died with massive tumour which was partly aseitie and
partly solid in form. Only one mouse out of 4 in this
group showed the presense of splenicules,

Histology of a fully developed splemicule; All the
cellular elements seen in the adult normal mouse spleen

were represented in the splenicule although the relation-
ship of the various elements to each other was smmevhat
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disturbed. The lymphoid eells, conaisting malnly of
mature lymphocytes, were arranged in a follicular mamner, |
melnly st the periphery (Pigs 2)s The folliele formstion
was beat seen in the Iret.i.mltn preparations where coarse |
concentric fibres marked the periphery of the follicle

. (Fige 3)« Inside some of these "follicles" erythrocytes
. were sean among the lymphooytes. Proper lymphoid follicles
with a follicular artery, and indistinguishable from
 Malpighish bodies of mouse spleen, were also seen. In j

. more central part of the splenicule, lymphocytes and other
immature mononuclear cells were arranged in irregular foei
in a vasoular tissue reminiscent of the red pulp of the
spleen, Other cells were also seen, including
megakaryseytes (Fig. 4), occasional plasma cells and
mononuclear ¢ells with a horse-shoe shaped nucleus. Unlike
| ascessory spleens, capsules and trabeoculae were never seen.
Fatty tissue was sometimes incorporated in the splenicules
and helped in differentiating between them and accesseryspleens.
THe ewolution of the splenicules; at 3 days after

the passiv: transfer of the isclogous spleen cell suspension,

the test and control mice showed the same appearances. Ini
several of the splenmicules there was a central area of '
neorotic tissue surrounded by a zone of large immature
monomuclear cells. These cells had rounded vesicular nuclei
with preminent nucleoli and a mederate amount of agranular |
eytoplasn (Fig. 5)¢ Thus these cells were morphologiunllyl

reticulum cells. Occasionally the celis were spindle
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shaped., Soattered among the large monomuclear cells were
plasma gells and mature lymphosytes. The latter were more
{requently seen in the surrounding fat at a distance from
the monomuslear cellss A conspicuous feasture of the
splenicule at 3 days was the presence of several thinewalled
large capillaries containing blood (Fig. 6)» These large
vasoculer channels wo:;e reminiscent of a cavernous
haemangioma. An extraordinary thing to find, even at 3
days, was the presence of proper well formed lymphoid
follicles in one splenicule (Fige 6)« In two splenicules
. fyom the test animals, small islands of tumour cells were
seens it 8 days the general morphology of the splenicule
' was similar to that seen at 3 days. With small splenicules,
| however, the neorotic materiel had been absorbed and replaced
by the tissue described above which grew from the periphery;
| Haemosiderin, containing mecrophages and cells with a

. foemy eytoplaam were alsp seen.

At 13 days the splenicules obtained from mice receiving
spleen cells only showed less cellularity than mice
receiving spleen cells and tumour (Fige 7)« The main cells
' were fibroblast~like cells and haemosiderin containing
macrophages. A splenicule from a test mouse at 13 days
showed more cellularity (Fige 8); the main eell was the

lymphoeyte.

At 18 days splenicules from t4st mice were mature and
had proper follicles et the periphery. In some of these a




follicular artery with hyalinised wall wvas seens The

centre of the splenicule was formed of clefts and spaces
' lined by endothelial cells md contalning erythroeytes. A
few seattered lymphoaytes were seen. Megakariocytes were

. rarely seen.

| The fate of passively transferred homologous and
heterologous spleen cells; Mice trested with homologous

| or heterologous spleen cells never showed any splenicules,

The transferred cells were destroyed, ieuving only an

| encapsulsted mass of neerotic tissue (Fig. 9).

Discugsion

The finding of splenicules in the peritoneal cavity of
mice was ourious, sines the spleens were homogenised, ,
filtered and this supension of individual cells injected
through a size 20 needles, It is clear from the results
presented here that splenicules persisted only in animals
- receiving tumour and spleen calls. There was a close

- assoeiation between the spleen cells and solid tumour, at

least in some animals. By contrast, heterologous and :
homologous spleen Gells were completely destroyed and, in

| the late stages, only encapsulated necrotic masses of tiuuqli

were found in the peritoneal cavity.
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The series of events culminating in the formaticn of

splenicules was similar in many respeots to the changes

ocourring in splenic atografts. Manley and Mabine (}917)
| were the first to perform successful splenic sutografts in
| rabbitss Smell pleces of the spleen were implanted in the
suboutaneous tissues; these regenerated and had all the
morphological and fungtional characteristics of an setive
spleen. As a result of further experiments, Marine and
Manley (1920) thought that in the splenie mtografts eash
element regenerated independently. Danehakoff (1918),
| using chicken spleen grafts on the allantoic membrane of
' ohicken embryo, believed that the reticulum ocell gave rise
; to gramular leukocytes.  Perla (1936) made a study of the
regeneration of splenic autografts in the rat. He noted
that autotransplants underwent rapid degeneration in the
first 24 hours; only a thin zone of retioulum ¢ells
survived. These cells penetrated the central neerotiec
zone. Lymphogytes were seen on the third or 4th day
and complete regeneration ocourred in 12 to 21 days. Perla
‘beldeved that the reticular cells were the presursors of all
' the styuetural elements of the spleen. Calder (1939) gave
- a detailed desoription of the regeneration of spleniec
autografts in mice and rats and concluded that reticulum

-

' cells gave rise t0 the mature cells in the spleen. |
Camerorn and Rhee (1959) confirmed and extended the work of |

Calder. They noted that as early as two days after splenie
sutograft in the rats, the reticulum cells were forming |



- utilised slices of spleen in which degeneration occurred ag
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thinewalled blood vessels which established vascular
connection with the host's blood vessels by the third
days. By the fifth day lymphocytes appeared in relation .
to blood vessels and at about the l4th day definite i
|
|
!

Malpighian follicles were secne In about 4 weeks the
antograft resembled a normal spleen.

The work e¢ited above on the regeneration of anto’graftel

a result of iacheemia. With th;a present system a auupna:lion

of isologaus spleen cells was injected in the peritoneal |

cavity. Under such circumstances it is probable that tha‘!
cells had a better chanoe to survive than cells in a solid
grafte It seems that, following the passive transfer of
isologous spleen cells, some of the lymphooytes persist;
other cells die or were already dead when injeoted into
the peritoneal ecavity: Retioulum ce’'ls proliferate and

differentiate into the various cell types that are normally

r
present in the spleen: The cells of the splenicule are not
derived from the host since splenicules occurred only in

the isologous system end homologous spleen cells were
oompletely destroyed, 'lcaving only ‘asorphous encapsulated '
debris. '

There are two puzzling questions which are difficult
to answer. Firstly, what is the nsture ofthe stimulus for
the formation of splenicules? Secohdly, how do cells that

have been completely dissociated from each other reconstitute
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- a highly complex organoid structure? In answer to the
first question, it is noteworthy that the presence of
tumour cells in the present system was negessary for the
persistence of th¢ splenicules, It was shown by several
workers that splenectomy was a strong stimulus to the growtl
of splenie sutografts (Marine and Manley 1920, Metealf
1963). Splenectomy may produce its effects by ereating a
functionel demand for spdenic tissue. This demand may
also be ¢reated by the presence of an antigenic stimulue;

in the present system, tumour cells.

It is congeivable that spleen cells funotion as a unit and
| somehow the unit reconstitutes itself even when the cells
hmiﬁoen dispersed. Cameron and Rhee (1959) suggested
that the spleen was made up of growth centres or "fields".
To quote thelr own words = "in our opinion the experiments

| in which we show that the complete spleen may be divided up
. into many small grafts which grow into miniature spleens,
despite the initial destruction of much of their substance,

suggests that the organ consists of a muuber of growing

l eentres or fields. These possess no definite anatomieal
| location, for the spleen may be sub-divided at random with
| the same end result". They could not define the minimum

mmber of cells wequired to constitute a field, From the

' present study as few as 20 million cells led to the formation

of spleniocules.

It is mven more difficult to answer the second question.

-
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It is relevant at this point to recall the development
of splenicules in man. It is well recognised that
 splenioules may follow rupture of the spleen, Faltin
(1911) reported a case where splenicules were found in the
peritoneal cavity of a boy six yesrs after splenectomy for
splenie rupture. More recently Shaw and Shafi (1937)
Stoble (1947) Jancho and Jnderson (1939) heave reported more
cases: It is generally sgreed that the splenic nodules
ﬁaﬁ follow injury to the spleen are due to mutotransplantation
of splenic tissue.
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PRevelopment of splenic

IABIE I

es in nornal or tumour bearing mice. (x = aver

Treatment

| o, of mice |Tumour dese No, with solid tumour | No. with splenicules | P.). at
w (isologous spleen cells)
5 Nil 500 % 100 Nil Nil 60 days
i 10 dz 7 immune cells
 — -
11 m 105 i 500 x 1P
i 10 day inmune cells R 1n 60 days
] i -
5 i 100 100 x 10°
{ 10 day immune cells 5 Nl Lbx
5
10 20 x 106 Wil
& 10 day immune celis s umu.a
5 10° 500 x 106 5 5 60 days
20 day immune cells
4 10 500 x 100 all hed ascites and 1

solid tumour
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Fig. 1: Splenicules on the surface of the intestine
(above) and in the fat of the testicular
omentum (below).

Fige 23 Splenicule 60 days after passive transfer
of isologous splesn cells. Note extension
of lymphoid tissue into the fat and the
follicular arrangement of the cells at the
peripherys H & E x 80.
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Fig. 31 Congentriec coarse retieulin fibres at the
periphery of two adjacent follicles. 60
day old splenicule,

Retie. stain x 400,

Fige 41 Splenicule at 60 days showing three
megakarjocytes. H & E x 450



Fige 51 Splenicule at 5 days showing a focus of
large immature monomiclear cells.
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Fige 63 Splenicule at 3 days. Large vascular

channels are seen in the bottom right
hand corner. Note the well-formed
lympholid folliele on the left.

H & E x 200



Fige 7s 13 day spleniocule from control mice
receiving spleen cells onlys. This shows
much less cellulerity than fig. 8.
H & E x L50.

Figs 8: 13 day splenicule from test mice receiving
tumour cells and spleen cells, Note that
the splenicules are markedly esllular.

No tumour cells areseens H & E x 450.
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|
Encapsulated necrotic tissue found in |
peritoneal cavity of mouse trested with ‘
homologous spleen cells by the I.P. route
H & E
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UMM ARY

The Landschutz ascites tumour is a rapidly proliferating

mouse neoplasm that grows progressively in severel strains

| of mice.

' model %o study the interaction between a rapidly prolifer-

ating eell and the lymphoretic:lar tissues of homologous
and heterologous hosts. The tumour was regarded as a
homograft of a high degree of growth potentiel and was
found to be convenient for the study of the biology of cell
death using immunological methods. Particular attention

was paid to the following aspeots.

(1)

(2)

(3)
(4)

It was used in the present work as an experimental

The natursl history.of the disease in untreated

animals.

The role of cells and serum in adoptive immunity
and enhancenment of tumour growth.

The fate of passively transferred spleen cells.

The specificity of isologous, homologous and

heterologous systemse

Animals; the following animals were used in the present

study.

300 Outbred mice from an MeR.C. closed colony.
700 of the inbred strain A mouses

80 of the inbred strain DBjg mouse.

400 Rubbits of a mixed, commercial stocke.




bation of
a homplogoug gystem.

The natural history of the tumour in the different
mouse strains was studieds Tt was shown that the rate of
tumoue growth and the survival of the hosts were dependent
on the strain in which the tumour was inoculsated.

Changes in the lymphoreticular tissues of mice beari
the Landschitz tumour; A detsiled study of the interactio
between the tumour and the host was undertaken in the
strain A mouse. The tumour evoked reactive changes in the
spleen and lymph nodes of thie strain. The liver showed
an increase in size of the Kupffer cells and the carbon
clearance technigue revealed an inorease in phagoeytic
functions This phase of reticulo-erdethelial system
gtimulation was maximal at the tenth day after tumour
inoculation and subsequently returned o normal as the
tumour grew progres .velye. Treastment with isclogous cells
inhibited the activation of the R.E.S5s The thymus
shoved complete atrophy at postmortem examination.
Bacteriological cultures of the aseitlie fluid were sterile
and the changes in {l.c Iymphoreticular histology were
mainly due to iso-antigenic differences between the host
end the tumour.

Inhibition and enhancement of the Landsc}n'itz tumour

by an isologous and a homologous ccllular systems

AMoptive immunity and enhancement of the tumour were

studied by transferring spleen cells or sera from suitably:l
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immunised animels to appropriate recipients bearing tumours
The degree of immunity was markedly influenced by the .\
quality of the lymphoid eells transferred. This depended |
on the manner of immunisation and the time of harvesting
the cells. Isologous strain 4 cells persisted in the
peritoneal cavity of the recipients as splehliocules but
did not exert as potent inhibitory effeet as homologous
DBAy spleen cells. Cells from outbred mice had no
inhibitory activity. Isologous serum could inhibit the
tumour if eorreetly prepacred but ss a gener:l rule immune
isologous serum greatly enhenced tumour growth. The
serum caused enhancement when given two days after tumour
inoculstions The spleens of miee showing tumour
enhencement were smaller than those of animals bearing unenhanced
tumour, The significance of Lhis new finding in the
interpretation of the mechaniam of immunolozical enhancemernt
was discussed. The R.E.5. phagooytic funetion of both
enhanced and tumour bearing controls was above normal.
ReE.S. blockade and lipid induced splenic¢ necrosis did not
enhance tumour growth. Enhsncement of tumour growth was

also produced by passive transfer of normal isologous

spleen cells.

Inhibition ani enhancement of the Landschiltz tumour
by heterolagous cells or sera; Heterologous spleen cells
n
obtnined from rabbits immunised against the Landschuts

|
|
|
tumour exerted a marked inhibitory effeeot on the growth ‘



248,

of the tumour in vivo. Intaet spleen cells from
immunised rabbits were effective in suppressing a 48 hour
growth of 105 or 106 agscités cells in outbred mice.
Thiotepa was without effeet in similar cimumatanoes, It
was emphasized thst with a tumour dose of 107 cells ‘
treatment with lymphoid eells produced enhancement
particularly when administered before the tumours Thig
was noted with homologous and heterologous cells. Mice
inoculated with heterclogous lymphoid cells shewed a
reduction of R.E.S. phagoeytic function as judged by the

carbon clearance test and impeired antibody production to

L5

the injection of sheco red eellss This form of ehhancemen
was new in its mode of production and was attributed to

depression of the host R.E. gystem.

Imnune helervlogous serum also inhibited tumour growth
end some.imes converted it to the solid forme Following a
gingle inoculstion of rabbits with tumour the antitumour
activity of both lymphoid eells and serum was as--.ged over
a period of times The concliusion was reached et that in
this system there was no gualitative difference between

elreulating sntibody and "eell bound®™ activity.

The drawback of the heterologous system was its non-
specifieity. Using different in vitro serological methods,
it was shown that the rabbit anti-tumour serum had a broad

spectrum of speeificity and eross reacted with seversl

‘normal mouse tissues.
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It was observed that inadeguate treatment of the
tumour with cells or seba led to conversion of the tumour
to the solid form and completely altered the natural history
of the diseases Treated animels died from local
complications of solid tumcur such as intestinal obstruetign,
- panoreatie insuffiecienecy, uraemia, jeundice, paralysis or
wldespread metastasess This agglutination of the ascites
cells meant that animals survived longer than the untreated
controls. The importance of recognising this in the
assessment of the effect of a tumour inhibitory sgainst

wvas stressed.

The fate of passively transferrved spleen cells; It
was found that pessively transferred isologous spleen celld
persisted as splenicules in the peritoneal cavity of the
recipientse The mode of formation of the splenicules and

their histogenesis was discussed.
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SEROLOGLU AL METHODS

Tanned cell Hgemagglutination

Ref. 1) Boyden, SeVe 1951 J. Exp. Med., 93, 107.
2) Stavitsky, AsBs 1954 J. Immunol., 72, 360.
3) Stuart, A.E. Ph.D. Thesis Edinburgh University

1958.

PRINGLPLE
When sheep red cells sre treated with suitable

congcentration of tannic acid, they are rendered capable of
absorbing certain protein molecules from solution in saling.
Red cells treatel in this way and washed are agglutinated
by the homologous anti=-protein sera. Thus sera can be

titrated for antibodies against antigens absorbed on the

cells exposed to tannic acid.

MATERT AL AND METHODS

(1) 4% suspension of washed sheep erythrocytes
(Welleome Labs. ) are washed 3 times in
saline and resuspended in buffered ssline PH 7«2.

(2) Preparation of erythroeytes with tannie acid.
To a 4% suspension of washed cells add an equal
volume of tannic seid strength 1/20,000 diluted
in sgline PH 7.2, Stand at room te mperature for
30 minutes, centrifuge gently and wash three times

in buffered saline, and resuspend to give a 2%

suspension.



ABSORPTION OF ANTIGENS

4n equal volume of suitebly diluted antigen is added
to 2% of solution of red eelle and the mixture allowed to
stand at room temperature for 30 minutess The sensitized
red cells are now washed three times with 1/200 normal
rabbit serums The cells are resuspended in 1/200 N.R.S.
in seline PH 7.2 to give a 1% suspension. .

(The method of preparing mouse antigens was deseribed
in chapter III+ Three concentrations of 'an’tigen were used
for absorption on tannic acid treated erythrocytes,

viz. 1/50, 1/250 and 1/500).

Prior to use normal rabbit serum has been inactivated
at 560C for 10 minutes and then absorbed with its own
volune of washed (x3) packed sheep cells for 30 mimutes .

at 37°C.

EXPOSURE OF CriLS TO TEST DLRUM

l. Set out 2 rows of 11 tubes for each test serum;
place 0.1 ml. serum diluted 1/10 in the firsi tube
of each row and thonce forth run doubling dilutions _
to & titre of 1/10,000,

2« To the front row add 0.1 ml, of tanned antigen
coated cells. To the back row adi 0«1 ml. of

tanned cells.

3. Saline Controls: In two tubes plsce in each 0.l mﬁ.
tanned antigen costed cells and 0.1 ml. saline; LA

another two tubes place in each 0.1 ml. saline and
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0.1 mls of tanned cells.
4e Normal serum eontrols; tubes are set as for test

serum but using normal rabbit serum.

Shake all tubes vigorously and leave at room \
temperature for 24 hours, \

ZMPORTANT FRACTICAL POINTS
Zannic acid:

A stock solution of 1 g. in 200 cc. of buffered
saline PH 7.2 may be kept at 49C for not more than 3 weeks.
If commercial grade tannic acid is used make up fresh eanh-
time. Cells treated with tannic acid must be washed
three times to remove excess acid which can act as ambo=-

ceptor and causes haemolysis.

Red cellss
Sheep cells are stored at 490 for a week. If during

preliminary washing the ¢ells show exsessive haemolysis
they should not be usede
Normal rabbit gexums
This prevents lysis and aids in the resuspension of
red cells after centrifugations.
The rabbit serum should first be absorbed with packed

sheep c¢ells before use.

Manipulate the cells gently after exposure to
antigens. Free antigen will completely inhibit the

haemagglutination reaction.




SEiA
Test sera are stored at 4% or if deep frozen (at

=20°C) are thawed only onee and usede Sera which are
turbid may be infeocted, Infected sera must not be used as
bacterial haemagglutinations will interfere with the

reactions Therefore examine suspect sera under phase 1

contrast (high magnification) for orgsnism.

ANTIGENS |
Make sure that the concentration 5f antigen used does |

not by itself cause hsemagglutinations

SALTEE

Phosphate buffer to PH 72
JUBES

» = '&"o




Referencess
Oud.’l.n, Je 1948 Anne Inst, Paste, 12’ 30,

Oakley, CeLe and Fn.lthmpe, Aed o 1953 :0_ Path.
Bact,, ﬁ’ 49, |

If antigenic mixtures are allowed to diffuse from one
sids and the corresponding antiserum from the other side
irto a central column of ager, dises or lines of
precipitation are produced if antigen and entibody
concentration are suitables The exact position of the
dise will depend on the relative concentrations of antigen
and antibody in their respective mixiures, and on their
rates of diffusion in the agar gel. Sinee the diffusion
rates are not likely to be the z:mne for all the antigens,
though they may be for all the antibodies, and since the
relai;ive concentrations of antigen and antibody are unlikel)
to be the samefor all antigen-antibody systems present,

it is likely that a separate line will be produced by each

such system present in sufficient concentration.

MATERL AL AND METHODS
(1) Melt agar solution (2% in 0.9% saline) in boiling

water bath and then place in water-bath at

- |

42=459C «



(2)

(3)

(4)

(5)

(6)

BESULTS

. i

Mix equal volumes (0s2 ml.) of test serum and
agar in 3 x § " tube.

Pipette a column of testeserum - agar about l.5
eme into 8 5 x 046 ome tt;ba at room temperature
using a long pasteur pipette. Take carenot

to touch the side of the tube with the pipeite.’
When the layer of test-serum -agar has set a
0.8 ome column of a mixture of equal parts of

0+9% Nacl and agar solution at 42°C is pipetted

on top of the serum-agar,

When the saline-ggar column has set add the
antigen layer on top of its« The antigen layer
consists of equal volumes of agar solution and
antigens The length of this layer is the same
as the test-gserum - agar column.

Cork the tubes and leave at room temperature.
The tubes are examined daily.

Antigen and antibody diffuse slowly through the
agar/saline (i.e. the middle layer) and lines of

precipitate appear when antigen and antibody meet in

| correet proportions.

| IMPORTANT PRACTICAL POINTS

(1)

Never touch the sides of the tubes with the
pasteur pipette when transferring the different

re-agent=-agar mixtures.
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(2) Allow eash layer to set before adding the next,

(3) Wami the pasteur pipette before transferring
the agar.




Dilutions of serum are mixed with complement and

various antigens. If an antigen - antibody reaction \
takes place complement is fixeds This is demonstrated by \"\_
testing for residual complement. Sheep cells sensitized ;
with antiesheep ¢ell haemolytic serum are added which are |
lysed in the presence of complemente Where there is no !l
lysis complement must have been fixed in the first rewﬁog.

MATERLALS

Perspex plates, agglutination trays (W.H.0.),
obtai:liabla from Messrs. Prestuware Ltd., Sewthdown Works,
Kingston Road, Raynes Park, London S.W.20.

Automatic Pipettes to deliver 0,1 ml. o“‘ainable
from Messrs. ReBs Turner & Co., 9 Eagle Street, London,
WeC.ls

Buffered normal saline PH 7.2

Sheep red cells (Wellcome Labs,).

Haemolytic Serum (Wellcome Labse).
Complement. Fresh guines pig serum.

Titrate these as a chessboard, in perspex plates.

Prepare a series of dilutions with a 20% difference

in concentration of complement between eachs
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Ad 0.2 ml. of saline to each cup (to represent 0.1
mle of serum and O.1 ml. of antigen in the test proper).

Deliver O.1 mls volumes of complement dilutions into
the cups of perspex plates as ‘n the example shown below,

Stand the plates at 37°C for 1% hoursy ocover to
prevent evaporation.

Prepare a series of doubling dilutions of haemolytic
serums Mix each with an equal volume of 4$ washed sheep
cellss Sensitize the mixture for 10 minuts in wvater-
bath at 379C or at room temperature for at least 30
minmutes.

Deliver 0.1 ml. volumes of sensitized cells as in
the example.

Incubate for 30 mimutes at 37°C. Shake after about
15 mimtea and again on removal from *he incubator.

Place the pl-tes in the refrigerator overnight or for
several hours until the ¢ells have settled. Remove from
the refrigerator. Readings may be made at one or within
a few hours.




6.

Dilutions of | Mlutions of Complement
Haemolytic
Serum i .

j303643516174881071280
25 ] 0 0 0 0 O tr 1 3 3 4
50 i 0 0 0 0 0 Ct 2 34
100 | 0 0 0o 0o 0 0t 2 34
200 ; 0O 0 0 0 tr 1 2 3 3 4
400 %tr tr tr ¢r 1 1 2 3 4 4
800 2 3.1 2 2 3 & & 4 4
¢ I A A A A

Readings _,

0 = no cells or completa ..ysin ‘
tr = 10% cells,

1 = 25’ 0«-11!.

2= m cells.

3= 75’ cells,

4 = 100% eells, or no lysis.

The optimal sensitlizing dose (0.5.D.) of haemolytic
gerum is in that dilution which gives complete lysis with

the highest complement dilution. In the above example the
optimal sensitizing dilution is about 1375 and this bateh of
haemolytic serum should be used at thet dilution. |

The 50% dose of complement (HDgg), is in the highest |
dilution which gives 50% lysis (reading 2). In the test |
proper complement should be used at 2.5 times the Hgq. ‘
In the ahove axample the HDso is at the 1:107 level and
this complement should be used at 1343 (2.5 x 1/107).



(1) Insctivate the complement in the sera to be
tested by heating in a .water-bath at 569 for
% houre This may also remove anticomplémmt&ry
activity of the serum.
(2) Deliver reagents into the cups of perspex platoﬁ"
as followss
Oel ml, of serial doubling dilutions of serum
O+l mle of complement (2 HDsO)
Oel m3. of antigen at its optimal dilution.
Set up the following controls:
serum
O¢l ml, of serial doubling dilutions of serum.
0s1 ml. eomplement (2} HDg0) &
0.1 ml, antigen. |
dntigen
0.1 ml. saline
0.1 ml, complement (2} HD,O).
Oe¢l ml. antigens

Incubate the plates at 37°C for 1% hours to allow
fixation of eomplement.

Sensitize the washed 4% sheep cells by mixing with an
equal volume of haemolytic serum at itsoptimal sensitizing |
dilution either in water-bath at 37°C for 10 minutes or at
roon temperature for at least 30 minutes. !

Add to each cup 0.1 ml. of 2% ptimally sensitized



sheep cells.

Re~incubate for 30 minutes to allow lysis to occur.
Shake after about 15 minutes incubation and again at the
end of the 30 minutes.

Place the plates in the refrigerator overnight or
for several nours until the cells have settled.

Remove from the refrigerator. Readings may be made

at once or within a few hoursg.
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A/Jax mice inoculated with 10° sscites cells intre~
peritoneally show an initial phase of stimmlation off the
lymphoreticularltissue followed by a collapse in the later
stages of tumour growth (Chspter I)s The thymus shows
progressive atrophy; the reduection in thymic weight is
very marked between the 10th and 15th days after tumour:
inoculation and in animels dying of tumour the thymus has

virtually disappeared.

The experiment described here was designed to anM
two questions:
(1) Can thymic atrophy be prevented by replacement
therapy?
(2) Can the involution of the lymphoid tissue in the
late stages of tumour growth be prevented by
treating animals with isologous thymocytes?

Materigl and lMethods

Animals - strain A/Jax mice weighing 18-20 g.

Preparation of thymocytes; -bynuses were removed
under aseptic precasutions, hcmogenised andcounted as

deseribed earlier for preparation of spleen cell suspensions
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(Chapter IT)s Thymoeytes for I.V. injection were washed
once in excess tissue culture medium 199 and resuspended
in this medium. Thymoeytes inoculated I.Ps were not
washed.

60 mice were imoculated with 107 ascites cells I.P.
10 days later 24 mice received 50 x 106 thymocytes by the
I.V. route and a similer t‘.c:zs; I.P. 5 deys later 6 of
these animals and 6 untreated tumour bearing controls were
sacrificed and the thymus, spleens, inguinal lymph nodes,
axillary lymph nodes and livers weighed. 15 days after
tumour 1no&u1atian 15 mice received a seccnd dose of
50 x 10° thymocytes I.F. & animals were sacrificed at
20 days and 24 days after tumour inoculation respectively.
Organs werec welghed as de-cribed above and the weights werq

compared with untreated controls bearing tumour for 20 or

u d&y’.

fiesults

The accompenying table shows that atrophy of the

| thymus and the temminal fall in spleen weight could not be
prevented by treating tumour bearing animsls with isologous
thynoeytes. The axillary and inguinal lymph nades at
20 days, however, werc larger in thymocyte treated mice.




Comment

The important rele of the thymus in the development
of immunological competence i1s now well recognised.
Thymectomy of the new~born mouse leads to depletion of the
lymphocyte population and several defects in the immuno-
logical reactions of the mature snimal (Miller 1962).

Suoh mice show atrophy of the spleen and lymph nodes and
marked deficiency of germinal centres and plasma cells and
die from a wasting syndrone. On the other hand thymectomy
in adult life is .generally assoclated with negligible effe¢ts
(Miller 1963). If, however, an adult animal is
thymeotomised and irradisted, grave defeects in the immune
response results. This suggests that the thymus of an
adult animal is required to restore immunological
potential. It is conceivable therefore that the progressive
growth of the tumour in some way produces depletion of the
lymphoid tissue (see chapter I). The thymus would
theoretically be needed to restore such a severe depietions
The results shown hewre denonstrate clecrly that thymocyte
treatment was ineffective in preventing atrophy of the
lymphoid tissue. This may be due to a low dosage, a
late start of the tresiment or a rapid utilisation of the

lymphoeytes. It is also possible that dissociated
thymocytes are ineffective and an intect thymic graft is
requireds Miller 1964 has shown that the injection of
| thymoeytes in a suspension did not restore the immunolngicah
|
|
|
|
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capabilities of neonatzlly thymectomised animals; these,
however, were easily restored with a thymiec graft.

The enlargement of the axillary and inguinal lymph
nodes in thymoeyte treated animals is significant.
F!;rther studies are neaded to evaluate the importance of
this finding. |
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No. of | Dose of [Treatment |[Time of Ave Thymus Av. spleen | Av. Inguinal Ave ixillary Av. Iiver
Mice | Tumour Mﬁﬁou__w weight g. waight ge L. nodes Le nodes welght ge
days after weight g. waight g.
tumour)
20 Nil Nil - 0,032 & 0,005 0.90 £ 0.02 | 0.0050 # 00017 | 0.0080 # 0.0026 | 1.1Z + 0.2
6 10° Nil 10 0.038 0.19 » - &
3 10° Nil 15 0.016 0.14 0.0140 0.013 1.38
8 10° Nil 20 0.015 0.11 0.0090 0,011 1.38
7 10° M1 24, 04005 0.13 0.0060 0.007 1.43
3 10° | Thymoeytes 15 0.012 0.17 0.0150 0.012 1.50
Thymocytes 20 0,006 0.12 0.0170 0.021 1.32
gsuxﬂ@ﬂ g Qig 0.12 0.007 0.012 Htwm
e W w iR _




