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INTRODUCTION

In 1954 Burnet (5) put forward the idea that in some cases the body might
be able to react against its own tissues. In this connection he did not mention
the possibility of such an immune response to tumour tissue, but on reading
it the present author was forcibly struck by the idea that if such a reaction
was thought to occur against normal tissues it might also be possible to pro-
duce a similar reaction against cancer cells.

Although such a response to normal tissue could be obtained by the repeated
injection of normal tissue, its production was greatly facilitated by the addition
of adjuvants, in particular Freund’s adjuvant (14), to the tissue injected (83,45).
In 1955 Witebsky reported the first attempt to induce immunity to human
cancer by this means (61). His experiments were followed up by Graham and
Graham (18,19). As these trials were on cancer patients they were of necessity
uncontrolled. In the same year Fink, Smith and Rothlauf (11) reported similar
experiments using a chemically induced transplantable mouse sarcoma. The
present work was therefore started in an attempt to provide further animal
experiments in this field.

Mice were chosen as the experimental animal and Ehrlich’s ascites carcinoma
as the cancer. The tumour was considered suitable, firstly, as it could be ex-
pected to grow in all mice (34), and secondly, as the survival time of the ani-
mals after intraperitoneal injection of the tumour was known to be determined
by the tumour cell dose (37). Thus if the cell dose were held constant an immune
response might be reflected in the growth of the intraperitoneal tumour, and
hence in the survival time of the mice. The results of preliminary experiments
showed, however, that the resistance of the mice to the tumour, as judged from
their survival time, far from being increased by the treatment, was decreased.
On the other hand, some of the control experiments brought to light findings
that it was thought might add to our knowledge of the immune response to
Ehrlich’s ascites carcinoma.

The present work consists of a collection of nine papers that grew out of these
findings. Each paper deals with a problem that arose in, or was closely associated
with, the previous experiment. The problems are all related to the vexed
question of immunity to tumour growth. ) _

This question first arose at the turn of the 19th. century in connection with
the growth of the newly discovered transplantable tumours (47, 44, 20, 30,
31, 82, 8). These tumours provided material, that had hitherto been lacking,
that opened up the possibility of carrying out animal experiments on the growth
of tumours. Morau (44) was the first to manage to transfer such a tumour from
mouse to mouse for many transplant generations. Then came Jensen with his
transplantable mouse carcinoma. Others, including FEhrlich and Apolant,
Bashford, Murray, Flexner, Jobling and Borrel soon followed with their workr
on tumour transplantation (see 62). ) L ek

In addition there was a Norwegian pioneer in this field and it is only natural
that his work should be quoted here, in particular as this man was Magnus
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Haaland who was later head of the Institute from which the present work now
comes. These are by no means the only reasons for quoting his views on tumour
immunity. His work has since shown him to have been in many ways far ahead
of his time in his understanding of this problem which interested him deeply
at the beginning of his career.

Haaland was introduced to the field of tumour transplantation by Borrel
in 1903 and at the same time introduced to the study of immunology by Met-
chinoff (21). In the course of the next few years he also studied under Aschoff,
Behring, Ehrlich and Neisser before he went to London to continue his work
under Bashford and Murray. At this time bacteriology was a well established
science while immunology was still in its infancy. Thus the pioneers in the field
of tumour transplantation were bacteriologists, and in many cases, for example
Pfeiffer’s and Ehrlich’s and in particular Haaland’s, their interest in tumour
transplantation vied with their interest in bacteriology and immunology.

Morau’s tumour, Jensen’s tumour and later Ehrlich’s tumours were easily
propagated and, as they were mouse tumours, it is natural that much of the
early work on tumour transplantation was confined to mice — though other
transplantable tumors did exist (62). It soon became clear that the transplant-
able mouse tumours would not grow in all mice (9). Some thought that this
might be due to the method of transplantation, others to the age of the mice or
the virulence of the tumour (62), and some, including Haaland, thought it
might be due to the genetic relationship of the host to the transplant (22).

Haaland’s experiments on pigeon molluscum (21) introduced him to the
concept of a virus tumour and to the finding that once such a tumour had grown
and regressed the host was immune to a further injection of the same tumour.
The finding that transplantation immunity of similar type occurred with
mouse tumours, and that it was more or less specific to the tumour used, helped
to convince him that a common tumour virus did not exist (23). Bashford’s
experiments on inducing immunity to tumours by the previous injection of
normal tissue (4) strengthened his conviction.

By this time it was clear that the explanation of the spontaneous absorption
of a tumour transplant lay in the host’s resistance and not in the tumour itself
(28). The next step was to induce host resistance to a tumour that usually grew
progressively. Here Ehrlich, on the basis of the analogy of inducing bacterial
immunity by the previous injection of attenuated organisms, used an avirulent
form of a tumour to produce immunity to a subsequent virulent transplant (9).
Haaland followed this up by using damaged tumour cells (24). But he found that
dead cells — far from inducing immunity — enhanced tumour growth and his
findings were supported by the results of other workers (55). The idea thus
arose that immunity to the transplantation of tumour tissue or of normal tissue
was extremely fragile, very easily destroyed, and hence bound to the living cell.
It was later found that some forms of cell damage are compatible with the
production of immunity (54). It was realized that this immunity differed from
bacterial immunity as no evidence of antitumour antibody was to be found in
the serum of immune animals (638,25). The growth of metastases to spontaneous
tumours prompted Haaland to state that these tumours could not be dlfferent
enough from the host to enduce it to react against them (23).

Little’s postulation of the genetic theory of transplantation, which he and
Snell (58) were able to verify, has clarified many of the previous findings con-
cerning transplantation immunity. It is now accepted that a transplant that
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is absorbed, be it tumour or normal tissue, must differ genetically from its
host. The protein produced by the gene that is different will be recognized as
“non-self”” (5) by the host, which will then set its defences in swing to render the
foreign protein innocuous. As this protein is contained in the cells of the transplant
this process will lead to the disruption of cell function: the host defences will
have succeeded in bringing about the rejection of the transplant. The result of
transplantation will depend mainly on the number of proteins in the transplant
that are regarded as foreign by the host. Thus if a tissue is considered as made
up of species specific, organ specific and self specific proteins a transplant
between highly inbred animals will in all probability be successful as all three
component protein types should be identical, a transplant between non-related
animals of the same species (a homograft) would contain different self specific
proteins, so rejection would be expected; while in a transplant between animals
of different species so many proteins would be recognized that rejection would
be the rule.

As Haaland (23) pointed out, and as Barrett (3) found it necessary to stress
once again in 1956, immunity to a transplantable tumour is transplantation
immunity and cannot be considered to be due to any cancer specific antigen in
the transplant. The idea of tumour immunity, i.e. immunity of a host to its
own spontaneous tumour, as distinet from transplantation immunity, implies
tumour rejection. This hypothesis is based on the idea that even autologous
tumours, by virtue of their very existence, must be different from their hosts
(64). The genetic constitution of an autologous tumour could then be expressed
as being made up of species specific, organ specifie, self specific and tumour
specific protein; the latter having come about as the result of a gene mutation,
chemical damage, or the entry of a virus into the cell, producing the same end
result — alteration in a gene. The host would then be expected to react against
the altered protein produced by this gene. This protein would be “changed-
self”, and as such recognized as non-self. The majority of experiments to deter-
mine the antigenic composition of tumour cells have shown that they possess
fewer antigens than normal cells (15, 16, 25, 46). On the other hand evidence is
collecting that tumour cells, in addition, also contain antigens that normal cells
lack (64, 65, 12, 28), virus tumours being an extreme example of such a situation,

However, though some spontaneous tumours have now been shown to
contain antigens lacking in the normal tissues of the host, there is still little
evidence that these antigens give rise to antibody, as they theoretically should.
(It has been suggested that cancer patients may lack the ability to respond to
the antigenic stimulus provided by the tumour (17). This is, however, akin
to denying the recognition of “changed-self” as non-self that forms the basis of
the postulation of tumour immunity). On the other hand on considering clinical
evidence of tumour immunity there is more to be found in its support. Firstly
there are the few reports of spontaneous remission of histologically proven
cancers (58). Then there are the reports of the remission of cancer following
infectious disease (10). These are spectacular findings and many doubt their
veracity. But no one can doubt the well known fact that tumours that appear
identical histologically behave very differently clinically — indicating that
some patients have more resistance to tumour growth than others. In addition .
the number of tumour cells found in the blood stream appears to be greatly in
excess of the number of metastases they produce (49), an(r:eedmg at opepation
is less frequent than might be expected (51). See also reviews (56, 48, 57, 85).



If tumour immunity is to be postulated at all it is unreasonable to expect
that the tumour specific antigen would not be recognized by the host. Is it not
more likely that such a reaction takes place but is abortive? In other words
is it not possible that we are dealing with a further example of immunological
tolerance — similar to the types that Medawar (42) has classified as “states in
which there is some reason to believe that immunological activity has been
thwarted”?

This idea that the host may produce specific antibody, but that the immune
reaction does not result in cell lysis, opens up many possibilities for experiment-
ation and there is already evidence in its favour. Firstly, it has been shown that
antibody can become fixed to tumour cells in the absence of complement
(these cells then show agglutination) — and that the addition of complement
is needed for cell damage (lysis) to result (13, 7, 20, 40). The situation of the
tumour cells in such a case is analogous to that of amboceptor treated erythro-
cytes. Secondly, it has been shown that the serum of some cancer patients
lacks factors present in normal serum; one of these factors is thought to be
one of the components of complement (39). Further it has been shown that
tumour cells in the presence of specific antibody, both in vivo and in vitro,
are not damaged in the absence of sufficient complement (60,2). The idea that
tumour antibody is produced but that its action is abortive could explain both
the progressive growth of and the lack of demonstrable serum antibody to spon-
taneous tumours; the search for the latter being, in effect, analogous to a
search for antibody in the supernatant fluid from an adsorption experiment.
In addition states of immunological tolerance are thought to continue only as
long as the antigen persists in the body (42). This could explain the immune
response of animals to a second graft following the removal of a previous tumour
graft.

A transplantable tumour that grows progressively behaves clinically in
the same way as a spontaneous tumour. It does not follow the basic law of trans-
plantation immunity, that a homograft, i.e. a transplant between unrelated
animals of the same species (52), will regress. This has been put down to the fact
that such tumours, during the process of repeated transplantation and adapt-
ation to life in hostile surroundings, have lost so many antigens that only those
that are species specific remain (27). Thus the tumours pass unrecognized on
transplantation — being accepted in the same manner as an autograft, or, for
that matter, a spontaneous tumour.

Ehrlich’s ascites carcinoma is a tumour of this type. It originated as a spon-
taneous mammary carcinoma, and is said to have arisen at some time between
1903 and 1905 at the Frankfurt Institute. It was then known as Ehrlich’s solid
mouse carcinoma. It arose in a heterozygous mouse and was transplanted
serially, subcutaneouslv. in market mice. All records of its transplantation
were lost in World War 11 (50). However, in 1936 Fischer, in Copenhagen, had
received a transplant from Frankfurt and kept it in vitro for 14 years with only
occasional mouse passages. In 1948 Klein (36, 88), in Stockholm, following the
example of Loewenthal and Jahn in 1932 (41), converted the tumour he obtained
from Fischer into the ascitic form (26). Klein later sent a transplant to Ahl-
strom (1) in Lund, from whom the present author received a transplant in 1959
— and started the attempts to induce immunity to this tumour that led to the
findings reported in the present work.
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The statistical methods used throughout are those common to standard
textbooks.

The experimental animals were selected in the following way. All the avail-
able adult animals under 6 months old were weighed and placed in weight
groups (to the nearest grnm) for each sex. They were then selected at randum
from these weight groups, in descending order of weight. If more than one experi-
mental group was needed mice of the same w (*1ghl and sex received the same
number in each group. In this way the mean weight and its standard deviation
were the same in all groups.

The colony of mice was kept closed. Their housing conditions were constant
throughout the time the experiments were in progress. At the time of the first
experiment in this series they were fed on bread, crushed oats and a mixture
of equal parts of fresh milk and water. They were also given raw swede on
Saturdays. Between the first and second experiments the diet was changed, for
convenience, to pellet form (Kambo. Forblanding 1.). The supplement of raw
swede was continued and they were given water to drink. The mice thrived and
intercurrent infection was not troublesome.
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It appears to be generally accepted that Ehrlich’s ascites carcinoma will grow
in all mice (Karnofsky, 1953), with no spontaneous remissions (Lettré, 1941).
Klein and Révész (1953) showed that a minimum of 400,000 tumour cells was
necessary to obtain ascitic growth in all cases. However, although the death of
the mouse is certain within a time limit dependent on the tumour cell dose, the
scatter in the survival time has not been investigated.

The tumour grows equally well in male and female mice, although Ahlstrém
and Ising (1955) have shown that there is a difference in its growth in male and
female hamsters. The tumour cells and the inflammatory cells present in the
tumour ascites have been investigated at the expected median survival time of
the mice (Klein, 1950), but no reference has been found to any investigation into
the amount of blood present in this ascites, or its significance.

This experiment was therefore designed to see if the sex and weight of the
young adult mice kept at this Institute had any bearing on their survival time
after the intraperitoneal injection of Ehrlich’s ascites carcinoma, and further to
see if there were any difference in the amount of blood in the tumours of mice
dying spontaneously at different times after injection.

MATERIAL AND METHODS

Twenty-five male and 25 female mice were used. All were adult but under
6 months old. They were taken from a closed colony of previously inbred white
mice obtained from Professor Kreyberg in Oslo..

The Ehrlich’s ascites carcinoma was originally obtained from Professor
Ahlstrém in Lund who had earlier got it from Klein in Stockholm. At the time of
the experiment the tumour was in its 67th transplant generation here.

All the mice were weighed and marked. Each mouse was then given one intra-
peritoneal injection of 0-1 ml. tumour ascites (a tumour cell dose of 1,860,000/
mm.c.) taken from one mouse. This mouse had been injected with Ehrlich’s
ascites carcinoma 10 days before.

The mice were kept in cages of 5. When a mouse died the survival time was
recorded in days. Then the abdomen was opened and the tumour ascites removed
and measured. One ml. of the fluid was centrifuged at 2,400 r.p.m. for 45 minutes,
The volume of the red blood cells that formed a dark layer at the bottom of the
Wintrobe tube was taken as an estimate of the amount of blood present per ml.,
and recorded as a percentage of the total volume in the tube.
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RESULTS

Fig. | shows the distribution of deaths related to time. 1t will be noticed that
this curve has two peaks, marked a and b. If the mean survival time of the total
series, 10-5 days, is taken as the dividing point, the mean survival time is 7 days
for group a and 13-03 days for group b.

Table I shows the mean survival time and its standard deviation (SD) for the
mice (a) dying before the mean survival time for the total series (corresponding to
the first peak in Fig. 1) compared to that of the mice (h) dying after this mean
survival time (corresponding to the second peak). The table also gives the mean
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FiG. 1.—The distribution of the deaths of 50 wice dying after the intraperitoneal injection of

Ehrlich’s ascites carcinoma.
a. Peak corresponding to group a,
b. Peak corresponding to group b.

amount of blood/ml. tumour ascites and the final volume of the tumour ascites,
with the SD of these means for groups a and b. The standard error (SE) of the
actual difference between the means of the groups. the t and P values are shown
for all three factors. These findings indicate that the difference between both

Tasre [.—The Survival Time of the Mice in Groups a and b, and the Blood Content
and Final Volume of the Tumours, Showing the Number of Mice, the Mean
Values with SD, the SE of the Difference Between the Group Means, the t and P

Values.
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the survival time and the amount of blood present in the tumour in both groups
is very highly significant statistically. while the difference in the final volume of
the tumour ascites is also significant.

Fig. 2 shows the regression lines for the scatter diagrams when (1) the volume
of tumour ascites is related to the survival time (y = 51-68 — 2:869x), and (2)
the blood volume/ml. tumour ascites is related to the survival time (y = 22:17
— 1-54z). From this figure it is evident that the amount of tumour present in the
dead mice is greater in those surviving longer, while the amount of blood in the
tumour is greater in the mice dying after a short survival time.
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Fi6. 2.-—Scatter diagram and regression line for :—

1. Volume of tumour ascites (@) related to survival time ( ).
2. Blood volume/ml. uscites ( x ) related to survival time (- ~ - ~).

Table IT gives the mean values for the starting weight, survival time, volume
of tumour ascites, blood volume /ml. ascites and total blood volume in the ascites
for the total series (3 + 9) and for the males and females alone. In addition to
the number of animals involved, the mean values with SD, the SE of the differences
between the male and female means, the t and P values are shown.

From this table it is evident that although the difference in the mean starting
weight for the male and female series is highly significant statistically, the differ-
ences in the mean survival time, volume of tumour ascites, volume of blood /ml.
tumour ascites and total blood volume in the tumour ascites are not significant.

Table TIT shows the correlation between the starting weight and the final
volume of tumour ascites, and between the survival time and the following factors :
the starting weight, the volume of tumour ascites, the volume of blood /ml. ascites
and the total blood volume in the ascites. The table gives the number of animals
used, the correlation coefficient (r), the ¢ and P values for the various factors,

It can be seen from Table IT1 that the correlation between the starting weight
and the final volume of tumour ascites is not statistically significant in the male




339 SURVIVAL TIME OF MICE WITH EHRLICH 8 TUMOUR

TaeLE I1.—The Distribution of the Factor x for the Total, the Male and the Female
Series, Giving the Number of Mice, the Mean Values with SD, the SE of the
Difference between the Male and Female means, the t and P Values.

z Series n z SDz SEzs-a3 t P
Starting weight . 3+9 . 50 . 18-58 . 4-858

&) g - A - N U e }1-374 . 2833 0-01>P>0-001
Survival times . 3+% 50 . 10-5 3-208

(days) g ! e e }0-9203. 1:087 . 0-1>P>0-05
Volume of ascites 349 . .50 . 5-57 2-292

foad) g - -+ o % }0-8258. 1:380 . 0-2>P>0-1
Blood/ml. ascites . d+9 . 50 . 6:0 5-771

o . .

(%) A A }1-035 . 0-1761 . 0-9>P>0-8
Total blood . 449 . 50 . 2154 . 13-07

o . .
(ml. x 240 - }3-696 . 0-5195 . 0-7>P>0-6

series. However, for the female and the total series this correlation is significant
at the 5 per cent level. The correlation between the survival time and the starting
weight is not significant in any of the series. There is a highly significant positive
correlation between the survival time and the volume of tumour ascites, and a
highly significant negative correlation between both the survival time and the
blood /ml. ascites and the total blood in the ascites for all the series.

TaBLe II1.—Correlation Between Factors x and y, Showing the Number of Animals
Used, the Correlation Coefficient (r), the t and P Values, for the Total, the Male
and the Female Series.

x v Series n r t P
Starting weight . Volume of ascites . 349 . 560 . 0-3226 2:2568 . 0-06>P>0-:02
(8.) (ml.) d . 25 .-0-1733 0:-8402 . 0-4>P>0-3

? . 25 . 0:5077 2:488 . 0-06>P>0-02
Survival time . Starting weight . d+% . 50 . 007679 . 0-537 . 0:6>P>0'5
(days) (®) 3 . 25 .—0:1547 . 0-7582 . 0-5>P>0-4
Y . 2 . 0-2134 1:046 . 0:4>P>0-3
Survival time . Volume of ascites . 349 . 50 . 0-7008 5-593
(days) (ml.) d . 2 . 0-7632 374 0:-001>P
@ . 25 . 0-8472 4-152
Survival time . Blood/ml. ascites . 349 . 60 .—0-8506 5-94 0-001>P
(days) (%) 3 . 2 .—0-9166 4-49 .
? . 25 .-—0-7539 3:694 . 0-01>P>(mglh -
Sur:llivnl time ’ Tot:l blo<l>d . 349 . 50 .—0-65’92 4:8 . 0-001>
(days) (% xml.) d . 2 .—0-7338 . 2:506 \ ‘
v ? . 35 .—0-6750 . 3-308 ; OOI>P>Re0
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DISCUSSION

Although the mice used in this experiment were all taken from the same closed
colony and each received the same dose of Ehrlich’s ascites carcinoma cells from
the same mouse, some scatter in their survival time was expected. The two-peaked
curve that was obtained when the number of deaths was related to the time after
injection suggests, however, that the mice dying of this tumour fall into two
distinet groups, as is evident from Fig. 1. The SD in both groups is low and the
means are separated by as much as 6-03 days. The chance that both these groups
were taken from the same population is less than 1:1000. Thus the mice used
here react in two ways to the same treatment.

This experiment shows that neither the sex nor the weight of the mouse in-
fluenced the survival time. There was, however, a highly significant positive cor-
relation between the survival time and the final volume of the tumour, showing
that the tumour grows progressively. This is in accordance with Klein's (1950)
findings. There was also a positive correlation between the final volume of tumour
and the starting weight of the mouse. This correlation is significant at the 5 per
cent level in the total and female series, but not in the male series. This is probably
accounted for by the greater scatter in the weights of the female mice and by the
fact that the female mice were, on the whole, smaller than the male. This shows
that the smaller mice produced smaller amounts of tumour.

When the ascitic variant of the Ehrlich mouse carcinoma was first obtained
the formation of ‘‘ a huge ascites of milky or bloody character '’ was described
occurring 10-14 days after intraperitoneal inoculation (Loewenthal and Jahn,
1932). Klein (1950) quotes this statement but makes no further reference to the
blood content of the tumour. In his later work on the growth curves of ascites
tumours (Klein and Révész, 1953) he states that there was “ often a slight ad-
mixture of erythrocytes " in the Ehrlich ascites carcinoma, but this was not studied
further and in some experiments blood stained fluids were not investigated. Kun,
Talalay and Williams-Ashman (1951) say, with regard to this tumour, *“ Charac-
teristically, the fluid is milky white, has a tendency to clot, and occasionally is
grossly hemorrhagic. Fluids containing more than about 15 per cent erythrooytes
of the total cells were discarded .

The present experiment shows that the amount of blood is related to the survival
time, a highly significant negative correlation being present between the blood
volume /ml. ascites and the survival time. It may be argued that the blood volume
might remain constant while the tumour volume increased, giving in itself a
negative correlation. But if the percentage blood /ml. is multiplied by the volume
of tumour ascites present, and this figure (the total blood present) is correlated to
the survival time, the negative correlation is still highly significant. Referring this
finding back to the two groups discussed previously we find that the blood content
of the tumours in groups a and b differs to a very highly significant extent, the
tumours of the mice with a short survival time containing more blood than those
of mice surviving longer.

Apitz (1934) tested the idea that haemorrhage into the solid Ehrlich carcinoma
might be due to anaphylaxis but obtained negative results on a small series of
stock mice. From the results of the present experiment it is possible to say that
the blood content of the Ehrlich ascites carcinoma is related to the survival time
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and is an expression of the finding that the mice react to the tumour in two ways
but it is not possible to say why they do so. Further experiments on this question
are in progress.

SUMMARY

Twenty-five male and 25 female mice were injected intraperitoneally with the
same cell dose of Ehrlich’s ascites carcinoma. This was taken from one mouse.
It was found that the mice fell into two distinct groups as regards survival time,
although the survival time was not influenced by the sex or weight of the mouse.
The amount of tumour was less in the smaller mice. A positive correlation was
found between the survival time and the final tumour volume, and a negative
correlation between the survival time and the volume of blood in the tumonur.
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IT has been shown previously (Hartveit, 1961) that the adult mice used
at this Institute show either a short survival time and a very haemorrhagio tumour
or a long survival time and a relatively asanguinous tumour, following the intra-
peritoneal injection of Ehrlich’s ascites carcinoma. This negative correlation
between the survival time and the blood content of the tumour is not dependent on
the sex or weight of the mouse. As this tumour is said to grow progressively in
almost all strains of mice (Karnofsky, 1953) it was decided to investigate the cause
of this difference in survival time and blood content found in our mice.

In 1934 Apitz tested the theory that haemorrhage into the solid Ehrlich carci-
noma might be due to anaphylaxis, but he failed to produce haemorrhage by this
means. He also failed to produce haemorrhage as the result of treatment with
histamine. Later Barrett (1942) investigated the relationship between anaphy-
laxis and sarcoma 37. He was able to show that the anaphylactic shock produced
in previously sensitized mice in response to horse serum was accompanied by
haemorrhage into actively growing transplants of this tumour. The reaction did
not occur in non-sensitized animals. He also produced haemorrhage into the
tumour in strain A mice in response to intraperitoneal histamine. The haemor-
rhagic reaction was not confined to the tumour but was also present, to a lesser
extent, in the stomach and small intestine. Barrett's experiment suggests that
haemorrhage into a tumour may be the result of the combination of a foreign
antigen with antibody present in the tumour.

The mice used in this Institute are heterozygous and also of different genetic
make-up from Ehrlich’s ascites carcinoma. It was thought that their differences
in reaction to the tumour might represent different degrees of genetic difference,
and thus different degrees of resistance to the homotransplant.

Ludford (1931) and Andervont (1936) have shown that resistance to tumour
transplants can be abrogated by vital staining with trypan blue. More recently
many authors (reviewed by Toolan, 1953) have shown that it is possible for homo-
transplants to grow in animals treated with cortisone. The following experiment
was planned in an attempt to reduce the resistance of mice to a tumour homo-
transplant (i.e. intraperitoneal Ehrlich’s ascites carcinoma) by both the methods
mentioned above, to see if tnis treatment would influence the survival time of the
mice and the blood content of the tumour ascites.

MATERIAL AND METHODS

The mice used were taken from a closed colony of previously inbred white mice,
All were adult, under 6 months old. The Ehrlich ascites carcinoma was originally
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obtained from Professor Ahlstrom in Lund, and, at the time of the experiment,
was in its 70th transplant generation here.

Three groups of mice (I, IT and III), each containing 15 males and 15 females,
were numbered 1-15 for each sex in each group ; mice of the same sex and weight
(to the nearest gram) in each group receiving the same number. In this way the
mean starting weight of the animals in all 3 groups was the same, being 20-8 g.
(8.D. 1-237).

“ach of the mice was given one intraperitoneal injection of 0-1 ml. of Ehrlich’s
ascites carcinoma taken from a male mouse of the 70th transplant generation.
This mouse, which had received the tumour 10 days before, had 9-5 ml. of tumour
ascites which was slightly blood stained, with a tumour cell count of 2,050,000 /cu.
mm. The cells all appeared viable, i.e. they did not take up eosin from a 1 : 2,000
solution of eosin in Tyrode’s solution (Schrek, 1936) : they did not clump and
showed no abnormalities in films stained with haematoxalin and eosin. When the
injections were complete, about one hour after the donor mouse had been killed,
the tumour cells in the remaining fluid were all still viable.

Some of the mice were also given subcutaneous treatment as follows :—

Group I—the control group—received no subcutaneous treatment.

Group II—the vitally stained group—were each given 0-5 ml. of a
0-5 per cent solution of trypan blue in sterile distilled water, subcutaneously
on the back. The first injection of trypan blue was given 7 days before the
mice were injected with tumour ascites. The trypan blue injections were
repeated 2 and 4 days later, and thereafter weekly until all the mice in the
group were dead.

Group IIT—the cortisone treated group--received a suspension of
cortisone acetate as a subcutaneous injection on the back. The dose was
equivalent to 25 mg. kg. starting weight. The first injection was given 6
days before the mice were injected with tumour ascites. The cortisone
injections were repeated daily until all the mice in the group were dead.

Three additional control groups were set up (1, 2 and 3). Each of these groups
consisted of 5 male and 5 female mice of similar age and weight to those in the
three main groups. Each of these groups was given the same subcutaneous treat-
ment as the corresponding Roman figure group (i.e. none, trypan blue, and corti-
sone, respectively), but none of the mice were injected with tumour ascites.

The survival time of each mouse that died in every group was recorded. When
the mice in the Roman figure groups died the tumour ascites was removed and
1 ml. of this centrifuged at 2,400 r.p.m. for 45 minutes. The volume of the red blood
cells at the bottom of the Wintrobe tube was taken as an estimate of the amount
of blood present /ml. and recorded as a percentage of the total volume in the tube.*

RESULTS

Table I shows the sex difference in the survival time and blood content of the
tumour ascites in the mice in groups I, I1 and III, all of which died. The table gives
the values for the total, male and female series, with the number of mice, the mean
value with S.D., the S.E. of the actual difference between the male and female
means, and the t and P values for this difference.

* One mouse in group II died of trauma the day after the injection of the tumour and was
excluded from subsequent caloulations.
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TaBLE L—The Sex Differences in Survival Time and Blood (‘ontent of the Tumour
Ascites in the Three Groups

SE.
_ difference
T Group  Series n x S.D.x T &Iy ! P
[ ¢+2 . 30 .11-08 . 2688
1 3 15 . 10-8 2186 , , P
Q 15 . 113 3253 } V3 . OeNeR . BISES08
Survival 3t 3 . 12-24 3-332
time Il 3 14 . 12-9 2-001 . . . >0
o 3 1y - e v } 138 . 0-9778 . 0:4>P>0-8
P ghe . 30 . 1498 . 4528
1 3 15 . 11-8 3-571 , - oo
{ - s " ats T } 1-238 . 5077 . 0-001-P
349 . 30 . 43 4-638
I s .15 . 44 5144 _ , o
o % R L - } 1-736 . 0-0806 . P09
content 3+9 29 1-717 . 4-286
of 11 3 14 . 2036 . 3-782 ‘ , e B
o g s . S, Ae } 1:702 . 0:2074 . 0-8>P>07
(vol. %) $+7 . 30 . 1-216 . 2-616
11 3 15 . 00 . 2560 . e P
: LR - } 0-9806 . 0-6424 . 0:6>P 05

The number of mice in each group and series is shown, the mean value for the factor under con.
sideration (r) with its S.D., the S.E. of the actual difference between male and female means, and the
t and P values for this difference.

The mean survival time for the total series was shortest in the control group I
(11-03 days, S.D. 2-683), and longest in the cortisone treated group I11 (14-93 days,
S.D. 4:-528). The vitally stained group 11 fell between these two extremes (1224
days, S.D. 3-332). The sex difference within the groups was not statistically
significant in groups I and I (0-5 and 1-3 days respectively), while it was highly
significant in group ITI (6-26 days, 0-001 > P). The mean blood content of the
tumdur ascites was highest in the control group I (4:3 per cent, S.I). 4-638), and
lowest in the cortisone treated group III (1:216 per cent, S.D. 2:616). Onoce
again the vitally stained group II showed an intermediate value (1-717 per cent,
S.D. 4:286). The sex differences were not significant.

TaBLE Ila.—Comparison of the Differences in Survival Time Between the

Three Groups
Comiparison Differ- S8.E.
between ence difference
grou between  between
z and y Series 7y ny zandj Tandj t P
1 IL .34+9. 3 . 20 . 1:21 . 0:7801 . 0-15338 . 0:9>P>08
Survival I mr . @ . 15 . 156 . 10 . 4187 ., 0:2888 . 0:-9>P>08
time I I1mr . 9 . 15 . 16 . 676 . 1-172 . bH:768 . 0:001>P
(days) Im I . & . 14 . 16 . 11 . 1204 . 09137 . 0:4>P>0'3
n o . 9 . 15 . 15 . 6:46 . 1-356 . 4:764 . 0:001>P

The difference in survival time between the groups for the total series, or for the male and female
series separately when their difference is significant, is shown, with the number of mice used and the
S.E., t and P values for the difference.

Table I1la compares the differences in survival time between the three main
groups, giving the difference between the groups for the total series, or for the male
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and female series separately when their difference is significant, with the number
of mice used, the S.E., t and P values for the difference.

The difference in survival time of the mice in groups I and II, total series
(1-21 days) is not statistically significant In groups I and I1I this difference (1 day)
is not significant for the male mice, but the difference for the female mice in these
groups (6-67 days) is highly significant (0-001 > P). The difference between
groups II and III for the male mice (1-1 days) is not significant, but that for the
females (6-46 days) is highly so (0-001 > P).

TasLe IIb.—Comparison of the Differences in Blood Content of the Tumour Ascites
Between the Three Groups

Comparison Differ- S.E.
between ence  difference
groups between between
z and y Series  n. Ny zandy ZzZandy ¢ P

wllood [T I .g+49. 30 . 20 . 2583 . 1161 . 2:224 . 0-05>P>0-02
i T I .4+4%. 30 . 30 . 3-184 . 0-9705 . 3-281 . 0-01>P=>0-001
ooy | T T . g49. 20 0 30 . 0-501 . 0-T416 . 0-875 . 0-5>P>0-4

» o

The difference in blood content between the groups is shown for the total series, with the number
of mice used, the 8.E., t and P values for the difference.

Table IIb6 compares the differences in blood content of the tumour ascites
between the three main groups for the total series, giving the number of mice used,
the S.E., t and P values for the difference. The difference between groups 1 and
I1 (2:583 per cent) is significant (0-05 > P > 0-02), while that between groups I
and ITI (3-184 per cent) is highly so (0-01 > P > 0-001). The difference between
groups IT and III (0-7416 per cent) is not significant.

The relationship between the survival time and the amount of blood in the
tumour ascites in the three main groups is shown in Table ITI, which gives the

TasLe ITT.—The Relationship Between the Survival Time and the Blood Content
of the T'umour Ascites in the Three Groups

Group  Series n r S.Er t P
d+9 . 8 . —0-8381 . 0-2397 . 3-496
1 4 . 16 . —0-9831 . 0-2673 . 3-678 0:-01>P=>0-001
¢ 15 . —0-8708 . 0-2673 . 3-258
3+9 20 . —0-5125 . 0-1889 . 2-713 . 0:02>P>0:01
IT 3 14 . —0-4658 . 0-2773 . 1-680 . 0:2>P>0-1
9 . 15 . —0:7501 . 0-2678 . 2-840 . 0:02>P>0-01
349 . 8 . —0-01574 . 0-2307 . 0-06567 ) P~0-9
ur 3 15 . —-0-02207 . 0-2673 . 0-08258 f =
Q 15 . —0-2633 . 0-2673 . 0-9851 ~. 0:4>P>0-3

The number of mice in each group and series is shown, and the correlation coefficient
(r) with its 8.E., ¢t and P values.

number of mice in each group and series, the correlation coefficient (r), with its
S.E,, t and P values. In the control group I the amount of blood in the tumour
ascites decreased with survival time. This negative correlation (—0-8381, —0-9831,
—0-8708 for the total, male and female series, respectively) was highly significant
in all cases (0-01 > P > 0-001). These findings are in keeping with those in the
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author’s previous experiment (Hartveit, 1961). In the vitally stained group 11 the

negative correlation was greatly reduced ( —0-5125, —0-4658, —0-7591, respective-
ly), being significant for the total and female series (0-02 > P > 0 Ol) It was
even further reduced in the cortisone treated group III (—0:01574, — 0:02207,

—0-2633) and as such was not significant.

With regard to the control groups 1, 2 and 3 ; none of the mice in group 1 died.
One of the female mice in group 2 died 12 days after its first injection of trypan
blue. One male and one female mouse in group 3 died after 21 injections of corti-
sone.

DISCUSSION

In this experiment there are three factors to be considered : the tumour, the
relationship of the mice to the tumour and the interrelationship of the mice them-
selves.

As regards the tumour, Klein and Révész (1953) have shown that provided a
sufficient tumour cell dose is used Ehrlich’s ascites carcinoma can be expected to
grow progressively, and the mouse to die within a time limit dependent on that
tumour cell dose. The tumour cell dose used in the present experiment is compar-
able to that used in the author’s previous experiment (Hartveit, 1961). The adult
mice were taken from the same closed colony. On comparing the mice in group I
of the present experiment to those in the previous experiment it is found that the
actual difference in their mean survival time (0-53 days) is not significant (0:5 > P
> 0-4). The difference in the mean blood content (1-7 per cent) is not significant
either (0-2 > P > 0-1). In both cases the negative correlation between the survival
time and the blood content of the tumour ascites is highly significant. Thus,
although the tumour came from different transplant generations, there was no
significant difference in the survival time or blood content, and the relationship
between these two factors was unchanged. These facts support the view that the
tumour can, in this case, be regarded as a relatively constant factor. In the present
experiment all the tumour used came from one mouse, and this is an additional
safeguard to the assumption that the tumour is a constant.

The mice were, of necessity, of different genetic make-up to the tumour, as
Ehrlich’s ascites carcinoma came originally from a heterozygous mouse (Snell,
1953). Therefore, one would expect that the mice would not accept transplants.
But Ehrlich’s ascites carcinoma is one of the so-called * non-specific ” tumours
that is said to contain fewer antigens than usual and so is less demanding than
most in its choice of host (Barrett, 1958). However, a perfect fit between host and
tumour cannot be expected. While the fit may be close enough to allow the tumour
to grow the difference may show up in other ways—for example in the stromal
reaction.

Thus, although the mice were not, as in Barrett's experiment referred to earlier
(Barrett, 1942), sensitized beforehand with a foreign antigen, the tumour may
possess tissue antigens that the mice lack. If they then react against this foreign
protein their immunological response might be expected, on the basis of Barrett's
findings, to be accompanied by haemorrhage into the tumour, i.e. by a change in
the stromal reaction.

This hypothesis is based on the assumption that resistance to homotransplants
is genetically determined. This has been shown to be true in the case of red blood
cells (Cushing and Campbell, 1957) and normal tissues (Loeb and Wright, 1027 ;
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Billingham, Brent, Medawar and Sparrow, 1954). The Mendelian nature of the
genetic influences determining susceptibility to transplanted tumours has also been
established (Little, 1956).

When a tumour is transplanted the tumour cells reproduce, the stroma is
supplied by the host (Muir, 1951). In the case of Ehrlich’'s ascites carcinoma the
stroma is represented by the ascitic fluid, which contains a variable number of
white blood cells. In addition, in some cases, this stroma contains large numbers of
red blood cells (Loewenthal and Jahn, 1932 ; Kun, Talalay and Williams-Ashman,
1951).

These red blood cells have appeared in the stroma either in direct response to
the tumour cells, or in response to the mouse’s reaction to these cells. If the first
is the case we would expect that the amount of blood in the stroma would be
constant for a given tumour cell dose. But the author has previously shown
(Hartveit, 1961) that the amount of blood varies inversely with the survival time
in mice receiving the same tumour cell dose. If the sevond is then true, the amount
of blood should vary in accordance with the genetic dissimilarity between the
mouse and the tumour.

Genetic  dissimilarity is evidenced as resistance to transplantation (Snell,
1957). It has been shown that this resistance can be abrogated (Ludford, 1931 ;
Andervont, 1936). The mice in the present experiment were treated in such a
way a8 to abrogate their resistance to the transplantation of foreign tissue.

On the basis of the above reasoning one would expect that by supressing host
resistance one would change the amount of blood present in the stroma: an
increase indicating that the blood was an expression of the mouse’s lack of resis-
tance to the tumour, a decrease that it was an expression of its resistance. On the
basis of Barrett’s experiment (Barrett, 1942), one would expect a decrease.

The mice used were heterozygous. This does not affect their individual rela-
tionship to the tumour as discussed above, but different degrees of reaction are to
be expected—those nearer to the tumour gentically reacting less against it. As
the mice were from the same closed colony it is reasonable to assume that the
genetic range in the three samples should be similar, and the results following
abrogation of their natural resistance comparable.

All the mice receiving Ehrlich’s ascites carcinoma in the present experiment
were given the same dose of viable tumour cells. The dose used was chosen as it
was known to give an ascitic tumour and a relatively short survival time. The
dosage of trypan blue was based on that used by Andervont (1936), and the corti-
sone dosage on that used by Hobson (1960).

The results in the control mice show that the subcutaneous treatment alone
will not influence the survival times of the experimental groups to any appreciable
extent. Only one of the mice receiving trypan blue died during the course of the
experiment and two of those given cortisone died towards its end.

The results in groups I, I1 and III show that, although all the mice died, their
survival times and the blood content of their tumours differed considerably.
Trypan blue did not alter the survival time of the mice but it did reduce the amount
of blood in the tumour ascites. Cortisone increased the survival time of the female
mice, and greatly reduced the amount of blood in the ascites in both sexes. In
addition trypan blue, in part, and cortisone completely, abolished the negagive
correlation between the survival time and the amount of blood in the tmmour
ascites that was so strongly apparent in the control group.



BLOOD CONTENT OF EHRLICH CARCINOMA 671

Thus, by using methods claimed to reduce the natural resistance of the mice
to tumour transplantation we have succeeded in increasing their survival time
and decreasing their stromal reaction to the tumour. The blood content of the
tumour must, therefore, be considered as an expression of resistance to Ehrlich’s
ascites carcinoma. We are then left with the paradoxical situation in which the
mice with the greatest and most rapid local reaction to the tumour—indicating a
type of resistance—die before those without such resistance. Those dying early
died as a result of their immunological reaction to the homotransplant, while
those surviving longer died as a result of their acceptance of the tumour that was
able to grow progressively until it killed the host mechanically.

This finding that the blood content of the tumour is an expression of the
resistance of the mouse to the tumour may be of practical use in the field of tumour
immunity. I[n 1958 Barrett stated that antibodies " have eluded detection ™ in
this field. Since then in vitro tests for haemagglutinins (Feldman and Sachs, 1957),
the tanned erythrocyte technique (Finney, Byers and Wilson, 1960), complement
fixation (Lund, 1958) and skin tests (Grace and Dao, 1958) have been reported to
give positive results. However, most evidence of such immunity is circumstantial.
Thus when an animal is immunized against a tumour the test of whether immunity
has been produced is whether or not a transplant of that tumour will be able to
grow in the host. Other methods involve the use of an immune serum from a
foreign host (Flax, 1956). In this case the antibody is an antibody to a foreign
protein, and is not dependent on the fact that the cells were tumour cells. With
Ehrlich’s ascites carcinoma the amount of blood in the ascites may prove to be a
vard-stick by which it will be possible to measure induced as well as natural
immunity to the tumour. Experiments in this direction are in progress.

It may be that this haemorrhagic reaction is a Shwartzman-like phenomenon.
1t has been suggested that the Shwartzman phenomenon may be a manifestation
of an immune response (Thomas, 1954). Stetson (1955) has shown that injection of
bacterial endotoxin can elicit haemorrhage in skin areas previously prepared by
the intradermal injection of homologous or heterologous bacterial products, and
compares the reaction to that following the injection of tuberculin in specifically
sensitized rabbits. He postulates that both reactions involve a delayed type of
allergy, that is accompanied by focal (haemorrhagic) reactions, and systemic
reactions—following intraperitoneal injection of the endotoxin—that may be
fatal. Lawrence (1956) has drawn analogies between this type of delayed sensi-
tivity and homograft rejection. In the present experiment it has been shown that
the haemorrhagic response occurring in some of the mice following transplantation
of the tumour is dependent on their natural resistance to the transplant. This
response can be likened to the Shwartzman phenomenon in that the mice were
previously sensitive to the transplant and showed focal haemorrhage, and a
severe systemic reaction leading to death, following a massive intraperitoneal
dose of the incompatible material.

SUMMARY

Three groups of 30 heterozygous mice were injected with Ehrlich’s ascites
carcinoma. Two of the groups of animals were treated with trypan blue and corti-
sone, respectively, in an attempt to abrogate their natural resistance to the tumour,
The amount of blood in the tumour ascites was found to be less following these
treatments. (Average per cent : Control—4-3, trypan blue—1-7, cortisone—1-2),
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Thus the blood content of the tumour ascites can be regarded as an expression of
the animal’s reaction against, i.e. natural resistance to, the tumour. It was also
shown that the survival time of the mice that did not react was greater than that
of those which reacted against the tumour—suggesting that the latter died as a
result of their immunological reaction to an overwhelming dose of foreign tissue.
It is possible that this reaction is comparable to a Shwartzman-like phenomenon.
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In this experiment living Ehrlich ascites corcinoma was combined with
Freund’s adjuvant in an attempt to induce immunity to the tumour. This
adjuvant has been shown to enhance antibody production and to produce a
specific allergic type response to hetero-, homo-, and sutotransplants (Freund,
1956 ; Witebsky, Rose, Paine and Egan, 1957 ; McMaster, Lerner and Exum,
1961). Both serum antibodies and delayed sensitivity have been reported
following its use (Freund, 1956). Medawar (1948) has shown that delayed
sensitivity is involved in the rejection of tissue transplants, end it is also involved
in the rejection of tumour transplants (Lawrence, 1956).

It has been shown that a combination of dead tumour in Freund’s adjuvant
may result in the production of tumour antibodies (Fink, Smith and Rothlauf,
1955 ; Witebsky, Rose and Shulman, 1956 ; Graham and Graham, 1959 ;: Finney,
Byers and Wilson, 1960), but these are not easy to demonstrate. In the present
experiment living tumour was used to avoid the possibility of denaturating the
tumour protein, and subcutaneous injection was chosen as it is thought to be
optimal for the development of delayed sensitivity (Lawrence, 1956). The blood
content of the tumour ascites was used as & measure of the tumour immunity
(Hartveit, 1961b).

MATERIAL AND METHODS

Mice.—These were similar to the mice used in previous experiments (Hartveit,
19616) and were selected in the same way. Eight groups of 15 males and 15
females were set up.

Tumour—The Ehrlich ascites carcinoma used was taken from the 84th
transplant generation of the tumour maintained at this Institute,

Preparation of the adjuvant.—Freund’s method (19566) for the preparation of
complete adjuvant was followed. KEucerin anhydrour was used es the emulsify-
ing agent. The tubercle bacilli were of strain H37, Rv (kindly supplied by Professor
Vogelsang, Gade Institute, Department of Microbiology). Four ml. of this adju-
vant mixture were emulsified with 4 ml. of saline.

Preparation of tumowr inoculum.—The tumour ascites from two male and two
female mice that had been injected intraperitoneally with Ehrlich’s ascites
carcinoma 10 days previously, was pooled. The resulting iluid contained 2,110,000
tumour cells/mm?®; PCV 31 per cent, and 1 per cent packed erythrocytes, All
the tumour cells were considered viable as none stained by Schrek’s method (1936),
Four ml. of this ascites were emulsified with 4 ml. of the adjuvant mixture. A
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further quantity was diluted with saline to give the same tumour cell dose unit
volume as in the tumour-adjuvant mixture. The remaining fluid was used
undiluted.

Experimental procedure.—The treatment given to the mice is summarized in
Table 1. The intraperitoneal tumour dose was 0-1 ml. The subcutaneous
injections (0-05 ml.) were given on the back. When the injections had been
completed only an occasional tumour cell in the remaining fluid was of doubtful
viability.

TasrLe 1.—The Treatment given to the Mice in the Different Groups.
(EAC = Ehrlich’s ascites carcioma. FA = Freund’'s adjuvant)

Route of injection

— - B
Group Subcutaneous Intraperitoneal

1 nil nil

2 nil EAC

3 FA + EAC nil

4 FA - saline nil

5 EAC + saline nil

6 FA + EAC EAC

v FA -+ saline EAC

8 EAC - saline EAC

Thereafter any subcutaneous growths were measured weekly. When a
mouse died the survival time was recorded in days. If a subcutaneous growth
was present this was measured. If the mouse had been given an intraperitoneal
injection 1 ml. of the ascites was centrifuged and the PCV of the erythrocytes
recorded (Hartveit, 1961a).

RESULTS

Swrvival time.—Table Il gives the mean survival time of the mice that
received intraperitoneal tumour. The differences between the groups are not
significant for the total or male series. The females in groups 6 and 7 died
significantly earlier than those in group 8 (0:05 > P > 0-02 and 0-01 > P > 0-001,
respectively). The females in group 7 also died earlier than the males in the same
group (0-:01 > P = 0-001). The sex difference in the other 3 groups is not
statistically significant.

All the mice in the remaining control groups were alive a week after the last
mouse with intraperitoneal tumour died ; showing that the mice themselves and
their surroundings were healthy, and that the subcutaneous treatment did not
kill the mice within the time limit of the experiment. The survival times of
these animals will be discussed in a later paper.

TasLe I1.—The Mean Survival Time (with SD) of the Mice in the Groups with
Intraperitoneal Tumour. (30 mice in each group)
Mean survival time (days)

" o - T - -

Group Total series Male series Female series
2 12-8 4 2-944 13-86 | 3-178 11-78 4 2-220

6 11-7 4 3-435 12:8 4 3-661 10-6 -+ 2-846

7 11-93 4 2-497 13-26 1 2-657 10-6 4 1-342

8 12:9 4+ 1-817 13-06 + 1-378 12-73 + 2-168
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The blood content of the tumour ascites.— This was measured in groups 2, 6, 7
and 8, and the mean percentages are shown in Table III. The greatest amount of
blood was present in group 6. Groups 2 and 7 showed approximately the same
amount for the total series, while group 8 showed least. The differcnce between
groups 6 and 8 is significant for the total and female series (0-01 > P = 0:001 and
0-02 > P > 0-01, respectively). The sex difference was only significant in group
7 in which the males showed less blood than the females (0-001 ~ P). As a
result of this the difference in blood content between the males in groups 6 and 7
becomes significant (0-05 > P ~ 0:02),

TasLE II1.—The Mean Blood Content of the Ascites (with SD) in the Mice with
Intraperitoneal Tumour. (30 mice in each group)

Mean blood content (per cent)
- A -

= Y
Group Total series Male series Female series
2 5.1 4+ 2-902  4:26 4+ 2755  5-93 4 2.705
6 6-931 + 4-842 6-0 & 4-957 7-8 4+ 4-564
7 5-0 + 2-532 3-071 4 1-594 68 1-797
8 3-86 -+ 2-565 3-4 4+ 2-184 4-3 2-802

The results in male groups 6 and 7 are based on 14 mice as too
little ascites was present in the remaining two.

The correlation between the survival time and the blood content of the asciles
(groups 2, 6, 7 and 8).—Table IV shows that this negative correlation is highest
in the control group 2 (0-001 > P), and next highest in group 6 (0-001 > P), the
experimental group. It is statistically significant in all groups but group 7.

TaBLE IV.—Correlation Between Survival Time and Blood Content of the Ascites
in Mice with Intraperitoneal Tumour. (30 mice in each group)

Correlation coefficient (r)

S S —
Group Total series Male series Female serios
2 . —0-8383 ~0-8774 —0:7700
(0-001 > P) (0-01 > P = 0-001)  (0:02 ~ P ~ 0-01)
6 . —0-7905 —0-7900 0-7844
(0-001 > P) (0:02 > P > 0-01) (0-02 = P = 0-01)
A —0-6195 -0-2505 -0- 5642
(0:01 > P > 0-001) (0:4>P>03) (01 > P > 0:5)
8 . —0°6653 —0-7638 05081

(0-01 > P = 0-001) (0:02 > P = 0:01) (0:05 > P = 0:02)
Results based on 14 male mice in groups 6 and 7.

For the purposes of the following calculations the mean survival time of the
animals in group 2 (12-8 days) was taken as the dividing line between those with a
short (a) and those with a long (b) survival time following intraperitoneal injection
of the tumour.

The distribution of the survival time of the mice within the groups (2, 6, 7 and 8).—
Table V shows that the mice in groups 2 and 8 were more or less evenly distributed
between groups a and b, while group 7 showed more, and group 6 even more, mice
in group a. In groups 2 and 8 the sex difference in this distribution is not signi-
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ficant, while it is 8o in groups 6 and 7 (0-01 > P > 0-001) as many more females
than males fall into group a. For the total series the difference in the percentage
of mice in group a is significant between groups 6 and 8, and for the females between
groups 6 and 8 (0-01 = P = 0:001) and 7 and 8 (0-05 > P > 0:02).

TasrLe V.—The Distribution of the Survival Time of the Mice with Intraperitoneal
Tumour within the (froups, giving Number of Mice (per cent)

Survival time

e =
Short (a) Long (b)
— e = e -
Group  Male Female Total Male ana.le Total
2 . 5 10 15 (50) 10 5 15 (50)
6 . 7 14 21 (72-4) 7 1 8 (27-6)
7 . 5 13 18 (62-1) 9 2 11 (37-9)
L] 3 6 8 14 (46-7) 9 7 16 (53-3)

The results in male groups 6 and 7 are based on 14 instead of 15 mice as
the ascites in the remaining two was not suitable for further investigation.

The distribution of the mean blood content of the tumour ascites (per cent) according
lo the survival time within the groups (2, 6, T and 8).—Table VI shows that in all
cases there was more blood in group a than b. 'This difference was statistically
significant in all groups. The sex difference within the groups was significant in
group 7a (0-001 > P), and in group 6b (but the latter contains only one female
mouse). For the total series the difference between groups 6a and 8a is significant
(0-01 = P = 0:001), for the male series that between groups 6a and 7a, and for
the females those between groups 2b and 6b and 2b and 8b (0-:05 > P > 0-02).

TasLe VI.—The Distribution of the Mean Blood Content of the Tumour (per cent),
with SD, according to the Swrvival Time within the Groups of Mice with
Intraperitoneal Tumour. (30 mice in each group)

Survival time

~ - - - A - [ ™
Short (a) Long (b)
( e - T — AR e
Group Male Female Total Male Female Total

2 .68 13763 6-9 | 2-468 6-864 3-801 3-0 £ 1-673 4-0 +2-408 3-3 £2-037
6 8:7 15719 8:361+4-201 R-47 -4-659 3:2041-375 0-0 +0:0 2-9 +1-458
7 .34 L1908 T7-2341-480 6:17+4-078 2:8041-485 4:0 +1-0 3:09+1-475
8 . 40 41:09656 5-6242-287 5-0 +2-3 2-8045-509 2-86+2-641 2-8842-367

The results in male groups 6 and 7 are based on 14 mice as too little ascites was present in the
remaining two,

The subcutaneous injection site.—This was examined in all appropriate groups
on the 7th day after injection. The findings are shown in Table VII. The three
mice in group 6 that had died by this time showed thickening under the skin at
the injection site, but no palpable masses. The differences in mean tumour
diameter between groups 3, 5 and 8 are not statistically significant. Thus the
addition of adjuvant to the tumour has not affected its vitality. The difference
between groups 3 and 6 (Fig. 1), is significant (0-001 > P). The sex difference

is only significant in group 5 in which the tumours in the males were larger than
those in the females (0-05 > P > 0-02).
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Fic. 1.--Greatest subcutaneous tumour diameter 7 days after injection in group 3 (hatched

columns) and group 6 (dark columns). Values for individual mice in each group given alter-
nately. Note: The tumours were measured at autopsy in 3 mice in group 6.

Tasue VIE—=%Fhe Average Greatest Diameter (mm) of the Subcutaneous Twumours
(with SD) at 7 Days

Tumour diameter SD
Group (mm.) (mm.)
3 9-73 . 2-112
8 9-166 ; 3-976
6 1-4 : 1-698
8 7-13 = 4-249

All the mice that had been given adjuvant without tumour subcutaneously
(groups 4 and 7) showed slight thickening at the injection site on the 7th day.
At 14 days in group 4, and at 14 days or at autopsy in group 7, the site was
difficult to locate in the males while all the females showed a distinet freely
movable swelling (approximately 0-5 em. in diameter) in the subcutaneous tissues.
Uleeration did not occur.

DISCUSSION

The majority of attempts to detect serum antibody to tumour tissue have
failed (Barrett, 1958) and some of the serum antibodies that have been reported
(Southam, 1960) may have been due to genetic differences between host and tum-
our and not to the fact that the tissue was tumour tissue. For there to be a
genetic difference between a host and its own tumour a mutation must have
occurred. The mutation, in altering the function of the mutant gene (Oglinsky
and Umbreit, 1959), may result in a change in the protein synthesised. This
protein may then be recognized as *‘ non-self "’ : a change in a surface protein
producing serum antibody, one deep in the cell giving delayed sensitivity. But
if the mutation results in a change in the rate of protein synthesis leaving the
structure unchanged (Brinkhaus and Graham, 1954 ; Pitney and Elliott, 1960),
no recognition can be expected. This, or a change in an intracellular protein,
could explain the almost universal failure to detect serum antibody to autologous
tumours. In the former case any enhancing action shown by Freund’s adjuvant
could be due to the mobilization of immunologically active cells (Burnet, 1959).
In the latter some factor in the adjuvant may combine with the “ self "’ protein,
the combination being recognized immunologically (Freund, 1956). Such haptene
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formation is thought to occur in the autoimmune diseases (Favour, 1956 : Voisin,
Toullet and Maurer, 1958 ; Asherson and Broberger, 1961).

In reactions involving normal autologous tissues the second mode of action
must be postulated as the possibility of genetic difference does not exist. While
reaction against the protein-haptene complex could be expected, reaction against
the original protein has, in fact, been demonstrated (McMaster, Lerner and Exum,
1961). Thus, it is not necessary to postulate a genetic difference between host
and tumour to explain the rationale of using a combination of autologous tumour
and Freund’s adjuvant in an attempt to produce changes in a distant transplant
of the tumour.

While the tumour used in this experiment is a homograft it is known that
some of the mice used will accept it as an autograft, the blood content of the
tumour ascites being a measure of their natural immunity (Hartveit, 19615).
The present experiment was designed to see if subcutaneous treatment with
Freund’s adjuvant combined with living tumour would increase the immuno-
logical response of the mice to the tumour and, if this were so, whether the increase
was in natural or acquired resistance. To show this the distribution of the mice
within the groups was investigated. The mean survival time of the animals in
the control group 2 was taken as the dividing line between those with a short (a)
and those with a long survival time (b) ; the mice in group a being those resisting
the tumour, group b accepting it. If the treatment resulted in a greater number
of mice in group a than could be expected on the basis of the findings in the con-
trols—it would then have been shown that immunity had been induced in some
of the mice that would normally have accepted the tumour without response.

The results show that the mice in group 8 had the longest survival time, the
least blood in the tumour ascites and the highest number of mice in group b.
Thus these mice show most evidence of accepting the tumour homograft, even
more than the untreated control group 2. This may be an example of an XYZ
effect (Casey, Hatherway and Casey, 1956 : Goldie, Walker, Kelley and Gaines,
19566) brought about through a decrease in the immunological response of the
host. This is in keeping with clinical experience of malignant growths (Graham
and Graham, 1955). As the mice in this group show least evidence of natural
immunity they are, in fact, more suitable than group 2 as a control for the
experimental group 6.

The following differences between group 6 and 8 are statistically significant.
The females in group 6 died earlier than those in 8. There was more blood in the
ascites in group 6 than in group 8. Group 6 showed a higher percentage of mice
in group a than did group 8, and there was a higher blood content in the ascites
in 6a than Sa.

These results consistently indicate that the subcutaneous tumour-adjuvant
mixture increased the immunological response of the mice to the intraperitoneal
tumour. The effect is particularly marked in the females in group 6 only one of
which remained in group b, i.e. was unaffected by the adjuvant-antigen mixture.
The increase in the tumour blood content shows that the immunity of the mice
which already possess some natural resistance has been strengthened. The
increase in the number of mice in group a shows that immunity has been induced
in some mice that previously lacked resistance. As it has proved possible to
measure both natural and acquired immunity through the blood content of the
tumour it is probable that the same mechanism is at work in both cases.
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As the mice in group 7 received adjuvant alone subcutaneously the decrease
in survival time and increase in tumour blood content in the female mice must
be regarded as non-specific. Non-specific allergic responses have been reported
with normal tissues following the injection of adjuvant alone (Voisin, Toullet and
Maurer, 1958), but a marked sex difference has not been described previously.
This sex difference is further reflected in the reaction at the subcutaneous injection
site, which was marked in the females and absent in the males. As the findings in
group 4 were similar the reaction is not dependent on the presence of intraperito-
neal tumour. It is often easier to produce specific tumour immunity in female
mice (Gross, 1943) as is shown in group 6. It appears that non- specnho immunity
also is easier to produce in females.

This non-specific immunity must differ in some way from that produced by
adjuvant combined with antigen as the normal relationship between the survival
time and the tumour blood content, that holds in group 6, has been upset in
group 7. It may be that the mode of action of adjuvant alone differs from that
of an adjuvant-antigen mixture. While the adjuvant alone will be able to mobi-
lize immunologically active cells, haptene formation will not be possible. This
strengthens the idea that haptene formation is concerned in the adjuvant-antigen
response to tumour tissue.

It was also found that in mice with intraperitoneal tumour, the tumour in the
adjuvant-antigen mixture failed to grow as quickly as in the mice without a
further source of tumour (Table VII and Fig. 1). This is contrary to what would
be expected on the basis of an XYZ effect, and is difficult to explain. It may be
that the intraperitoneal tumour stimulates the sensitivity reaction by neutralizing
its products.

SUMMARY

Freund’s adjuvant given subcutaneously in combination with living Ehrlich
ascites carcinoma was found to increase the immune response of mice to the
intraperitoneal injection of the same tumour. Both natural and acquired im-
munity appear to have been affected. An increase in the immune response was
also found in female mice following Freund's adjuvant alone. Evidence is
presented that the mechanism of this non-specific reaction differed from that of
the specific reaction. The combination of adjuvant and living tumour had an
inhibitory effect on the growth of the tumour in the adjuvant mixture when
mtra.pentoneal tumour was also present.

REFERENCES

ASHERSON, G. L. AND BROBERGER, O.—(1961) Brit. med. J ., i, 1429,

BarrerT, M. K.—(1958) J. chron. Dis., St. Louis, 8, 136.

BriNkHAUS, K. M. AND GrauAM, J. B.—(1954) Blood, 9, 255.

Burxer, F. M.—(1959) * The Clonal Selection Theory of Acquired Immunity ’. Cam-
bridge (The University Press), p. 149.

Casey, A. E., Hatoerway, E. A. AxD Casey, J. G.—(1956) Cancer Res., 16, 324,

Favour, C. B.—(1956) Ann. N.Y. Acad. Sci., 64, 842.

Fink, M. A., SmitH, P. AND RoTHLAUF, M. V.—(1955) Proc. Soc. exp. Biol., N.Y ., 90, 590,

Finygy, J. W., Byers, E. H. Axp WiLson, R. H.—(1960) Cancer Res., 20, 351.

FrevUND, J.—(1956) Advanc. tuberc. Res., T, 130.

Gorpig, H., WALKER, M., KELLEY, L. AND GAINES, J.—(1956) Cancer Res., 16, 553.



330 F. HARTVEIT

GrAHAM, J. B. AND GrAnam, R. M.—(1955) Cancer, N.Y ., 8, 409.—(1959) Surg. Gynec.
Obstet., 109, 131.

Gross, L.—(1943) Cancer Res., 3, 770.

Harrverr, F.—(1961a) Brit. J. Cancer, 15, 336.—(1961b) Ibid., 15, 665.

LAwWrENCE, H. 8.—(1956) Amer. J. Med., 20, 428.

McMaster, P. R. B., LerxNgr, E. M. 28D axp Exum, E. D.—(1961) J. exp. Med., 113,
611.

Mevawar, P. B.—(1948) Quart. J. micr. Sci., 89, 239.

Ocrinsky, E. L. axp Umrerr, W. W.—(1959) ‘ Introduction to Bacterial Physiology ',
San Francisco (Freeman & Co.).

Prrsey, W. R. Axp Erviorr, M. H.—(1960) Nature, Lond., 185, 397.

ScHrek, R.—(1936) Amer. J. Cancer, 28, 389.

SovrHam, C. M.—(1960) Cancer Res., 20, 271.

Voisin, G. A., TouLLET, F. AND MAURER, P.—(1958) Ann. N.Y. Acad. Ses., 73, 726.

Wrressky, E., Rosg, N. R., PaiNg, J. R. aAxp Ecan, R. W.—(1967) Ibid., 69, 669.

Idem, Rosg, N. R. AND SHULMAN, 8.—(1956) Cancer Res., 16, 831.

Made and printed in Great Britain for
H. K. Lewis & Co. Ltd., by
Adlard & Son, Ltd., Bartholomew Preww, Dorking:




Reprinted from
The British Journal of Cancer,
1962, Vol. XVI, p. 331

FURTHER OBSERVATIONS ON THE RESULTS OF COMBINING
FREUND'S ADJUVANT WITH LIVING EHRLICH ASCITES
CARCINOMA

F. HARTVEIT

From the University of Bergen, School of Medicine, the Gade Insitute,
Department of Pathology, Bergen, Norway

Received for publication March 20, 1062

IN a previous paper (Hartveit, 1962) the production of immunity to Ehrlich’s
ascites carcinoma by means of the subcutaneous injection of the same tumour
combined with Freund’s adjuvant was studied. 1In the course of that experiment
some further points arose. Firstly, to what extent did the combination with
Freund’s adjuvant damage the tumour cells? This will be reflected in the sur-
vival time of the mice and is discussed in part (a) of this paper. Secondly, a
marked non-specific immune reaction was noticed in female mice following the
subcutaneous injection of adjuvant alone. Would this reaction be influenced
by a time interval between the subcutaneous and the intraperitoneal injection?
This is discussed in part (b). Thirdly, it was noticed that haemolysis occurred
in the tumour ascites in some of the mice. This was not mentioned previously
and will now be presented in detail in part (¢) of this paper together with the
corresponding findings in part (b).

It will be noted that the experimental material concerned here is that used
in the previous experiment (Harveit, 1962). The composition of the material
and the treatment given are summarized in Table I, which also shows the
additional treatment given to the mice in groups 1 and 4 in the experiment
reported in part (b) of this paper.

TaBLE 1.—The Composition of the Experimental Material and the Treatment given
in the Different Groups. (15 Male and 15 Female Mice in Each (Youp)

Route of injection

TR T
Subcutaneous Intraperitoneal
Group (day 1)
1 Nil EAC (day 30)
2 Nil EAC (day 1)
3 FA + EAC Nil
4 FA - saline EAC (day 30)
5 EAC 4 saline Nil
6 FA +EAC EAC (day 1)
7 FA 4 saline EAC (day 1)
8 EAC + saline EAC (day 1)

FA = Freund’s adjuvant. EAC = Ehrlich’s ascites carcinoma.

The following experiments were carried out :
(a) The Survival Time of Mice following the Subcutancous Injection of Ehrlich’s
Ascites Carcinoma and Freund's Adjuvant

The two control groups with which we are concerned here are group 3, in
which the mice were given a mixture of Freund’s adjuvant and Ehrlich’s ascites
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carcinoma subcutaneously, and its control group 5 in which they were given
tumour alone (Table I). Comparison of the survival time in these two groups
should establish the extent to which the tumour was injured by its combination
with Freund’s adjuvant.

Material and methods

For a detailed description of these the reader is referred to the original paper
(Hartveit, 1962) and to Table I of this paper. To summarize : Each group
contained 15 male and 15 female mice. The mice in group 3 were each given one
subcutaneous injection of a mixture of Ehrlich’s ascites carcinoma and Freund’s
adjuvant, while those in group 5 each received one subcutaneous injection con-
taining the same number of tumour cells as those in group 3. The tumour came
from the same source for both groups and, with the exception of the emulsifying
process used before injection in group 3, was handled in the same way.

The mice were then examined weekly for the presence of subcutaneous tumour
and any growth present was measured. The survival time was recorded in days.

Results

Tumour nodules occurred at the site of the subcutaneous injection in all
animals. At one week there was little difference in the mean tumour diameter
in groups 3 and 5 (97 mm. + 2-1 and 9-2 mm. -+ 3-9, respectively). By three
weeks every tumour had reached at least 1 em. in diameter (i.e. double the size
of the nodules found on injection of adjuvant alone in females). Thereafter
the tumours regressed in two animals in each group; in 2 females in group 3
and in 1 male and 1 female in group 5. These four mice were alive without sign
of tumour one month after all the rest were dead. They were excluded from the
survival time calculations. The remaining animals died with actively growing
tumours.

Table 11 shows the mean survival time of these mice, with the SD of this mean,
the SE of the difference between the female and the male means and its P value.
It will be seen that the mean survival time of the animals of the same sex in both
groups was approximately the same, and that the marked sex difference (0-001 >P)
occurred in both groups.

TasLe I1.—The Mean Survival Time in Days (x) of Mice with Subcutaneous
Ehrlich Ascites Carcinoma and Freund's Adjuvant (Group 3) Compared to that
of Mice with Subcutaneous Ehrlich Ascites C'arcinoma Alone (Group 5), Giving
the Sex and Number of the Mice, the Mean Survival Time and SD, the SE of
the Sex Difference in Means and its P value

S E.

Group Sox Number T 8.Dx (% — %3) P
3 . 3 .16 . 485 16-4 . oy <
Q . 13%* . 787 24-4 ¢$74 . 0:00l>P
5 . g . 14* . 493 . 1345 ) )
Q . 14% . 803 . 3165 448 . 0-001>P

* One mouse survived, see text.
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Discussion

The number of cells injured or killed during the emulsifying process undergone
by the tumour cells in group 3 does not appear to have affected the survival time
of the mice, which is almost identical to that of the controls which were given
the same dose of untreated tumour. It may be, however, that a large majority
of the cells were killed and that these dead cells exerted the well known XYZ
effect (Casey, Hatherway and Casey, 1956) on those remaining. This could offset
the reduced tumour cell dosage and bring the survival time back in line with that
in group 5. In any case, the assumption made in the previous paper (Hartveit,
1962) that living Ehrlich ascites carcinoma was used in combination with Freund's
adjuvant can be upheld.

The findings here show that the tumour cells in the adjuvant mixture continue
to grow in the absence of a further source of tumour. In the previous experiment
(Hartveit, 1962) it was found that the tumour cells in the same adjuvant mixture
did not grow in the presence of intraperitoneal tumour. This rules out the
prophylactic use of such a mixture while, at the same time, it indicates that the
mixture may be of some use in the treatment of a tumour-bearing host.

It is of note that there was a marked sex difference in the survival time in
both groups. This is contrary to the author’s findings with interaperitoneal
tumour (Hartveit, 1961a), and contrary to the general experience of the intra-
peritoneal growth of this tumour. It is likely that the rapid intraperitoneal
growth rate prevents the sex difference, which becomes apparent following the
slower subcutaneous growth, from showing up. Thus female mice, in which it
is easier to induce tumour immunity (Gross, 1943), also have a greater natural
immunity to the Ehrlich ascites carcinoma than male animals.

(b) The Non-specific Action of Freund's Adjuvant on Ehrlich’s Ascites Carcinoma

In the course of the main experiment (Hartveit, 1962) it was found that female
mice given a subcutaneous injection of Freund’s adjuvant alone on the same day
as an intraperitoneal injection of Ehrlich’s ascites carcinoma showed a decrease
in survival time and an increase in the blood content of their tumours when
compared to male mice given the same treatment. This reaction must be con-
sidered to be non-specific in contrast to that produced by the subcutaneous injec-
tion of Freund’s adjuvant plus living tumour. It is suggested in the above
mentioned paper that the latter reaction is mediated through the same channels
as that due to natural immunity, while the former clearly operates in a different
way. It was also found that the female mice showed a marked reaction at the
subcutaneous injection site while this was absent in the males.

The sex differences in the responses mentioned above were highly significant
statistically. It was decided to follow up these findings to see if a time interval
between the injection of the subcutaneous adjuvant and that of the intraperitoneal
tumour would affect the reactions. A new experiment was, therefore, undertaken
in which mice that had received Freund’s adjuvant and saline subcutaneously were
given intraperitoneal tumour 30 days later, instead of on the same day as in the
main experiment (Hartveit, 1962).

Material and methods

The reader is referred to the previous paper (Hartveit, 1962) and to Table I
of this paper for details. To summarize : There were 15 male and 15 female mice

§
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in each group. Group I was the untreated control group while group 4 received
Freund’s adjuvant subcutaneously. Thirty days after the mice in group 4 had
been injected with adjuvant all the mice in both groups were given an intra-
peritoneal injection of 0-1 ml. of Ehrlich’s ascites carcinoma (2,300,000 tumour
cells/c.mm.). This tumour was taken from a mouse of the 87th transplant
generation. The tumour used in the previous experiment had come from the
84th transplant generation of the same tumour.

At the time of the injection of the intraperitoneal tumour the subcutaneous
swellings (approximately 0-5 cm. diameter), that had appeared within 14 days of
the injection of the adjuvant mixture in the females, persisted in all cases. In
the males the site was difficult to locate.

When the mice died the survival time was recorded in days and the blood
content of the tumour recorded after centrifugation, as described in the previous
paper (Hartveit, 1962). The subcutaneous injection site was examined at
autopsy in group 4.

Results

Table 111 shows the mean survival time (days), plus the SD of the mean, of
the mice in both groups. The female mice in the experimental group 4 showed
little difference in survival time from those in the control group 1. On the other
hand, there was a marked difference in the survival time of the male mice ; those
in group 4 dying before the controls (13-64 and 17-4 days, respectively). This
difference is statistically significant (0-05>P >0-02).

Tasue III.—The Mean Swrvival Time (Days), plus SD, of Mice given Intra-
peritoneal Ehrlich’s Ascites Carcinoma 30 days after Subcutaneous Freund's
Adjuvant (Group 1) and of Controls lacking Subcutaneous Adjuvant (Growp 4)

Number Mean survival
Group Sex of mice time SD
1 3 15 - 17-4 . 6-332
Q 15 . 12-3 " 3-194
4 3 14% . 13-64 . 2-811
Q 15 2 12-6 - 4-775

* One mouse accidentally killed.

Table IV gives the mean blood content of the tumour (per cent), plus the SD
of the mean, in both groups. Once again there is little difference in the results in
female mice, while the blood content in the males in the experimental group 4 is

TaBLe IV.—The Mean Blood Content (per cent), Plus SD, of the
Intraperitoneal Tumour in Groups 1 and 4

Number Mean blood
Group Sex of mice content S
1 . ) . 14+ ; 3143 2-5%0
Q . 15 ; 5-2 4-651
4 . 3 . 13*t . 5-0 3-037
Q . 15 . 5266 3-347

* Que mouse accidentally killed.
f'r.mour unsuitable for investigation in one mouse.
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much higher than in the controls (5 and 3-14 per cent, respectively). This differ-
ence is significant statistically (0-05>P >0-2).

Table V shows the correlation between the survival time and the tumour
blood content (correlation coefficient, r) for both sexes in both groups. While
the negative correlation is high in the females in both groups, it is much lower in
the males in group 4 than in group 1.

TaBLE V.—The Correlation between Survival Time and Tumour Blood C'ontent
in Groups 1 and 4, using the Correlation Coefficient r

Number
Group Sex of mice r
1 . ) . 141 : —0-5163
" s 15 . -0-8501

4 . 3 . 13*+ . —0- 1642
3 15 ; —0-8027

* One mouse accidentally killed.
t+ Tumour unsuitable for investigation in one mouse.

At autopsy the subcutaneous injection site was easily located in 14 out of the
15 females as the subcutaneous swelling had persisted. It could not be detected
macroscopically in the males.

Discussion

It has previously been shown that the survival time of mice with intraperitoneal
Ehrlich ascites carcinoma is shorter in those that show a sensitivity reaction to
the tumour, and that the blood content of the tumour ascites is a measure of this
reaction, which is probably one of rejection of the foreign tumour protein (Hart-
veit, 1961b6). Thus it provides a measure of the animal’s natural immunity to
the tumour. In addition there is also evidence that it can be used to measure
acquired immunity (Hartveit, 1962).

In the latter experiment it was found that female mice showed this immunity
reaction if they were given a subcutaneous injection of Freund's adjuvant with-
out antigen on the same day as the intraperitoneal injection of Ehrlich’s ascites
carcinoma. This was unexpected as Freund (1956) clearly states that, “ the
adjuvant remains without effect if injected into a separate area ', i.e. if antigen
is not combined with adjuvant. On the other hand, Voisin, Toullet and Maurer
(1958) have reported non-specific testicular lesions following the use of adjuvant
alone.

In the present experiment the adjuvant that was given subcutaneously in
group 4 was the same as that used in group 7 of the main experiment (i.e. the mice
that received subcutaneous adjuvant on the same day as they were given intra-
peritoneal tumour). The tumour used was taken from the same source 3 trans-
plant generations later. Thus conditions in the two experiments are strictly
comparable—the time limit between the subcutaneous and intraperitoneal
injections being the determining factor.

The results show that it is now the male animals that are responding to the
adjuvant injection—the females reacting in the same way as the controls. The
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mean survival time of the males is now significantly less than that of the control
males (1364 days compared to 17-4 days), and the blood content of their tumours
greater (5 per cent compared to 3-14 per cent). In addition the degree of correla-
tion between the survival time and the tumour blood content is greatly reduced
(—0-1642 compared to —0-5163). The subcutaneous injection sites did not show
any change.

The mean survival time of the females, the blood content of their tumours and
the degree of correlation between these two factors now appears to be unchanged
by the treatment.

These results show that the time interval in this case was important to the
response of the mice. The immune reaction of the females developed shortly
after the injection of the adjuvant, while that of the males became evident later.
In the main paper (Hartveit, 1962) it was suggested that the reaction in the females
differed in mechanism from that due to natural immunity or immunity acquired
after the subcutaneous injection of Freund’s adjuvant and living Ehrlich ascites
carcinoma, as the negative correlation between the survival time and the tumour
blood content, that is normally found in these mice, was upset by the treatment.
The present results support this idea as once more the animals responding to the
subcutaneous injection of adjuvant alone (now only the males) show the same lack
of correlation between these two factors. The experiment also shows that the

immune reaction is not dependent on the reaction at the subcutaneous injection
site,

(c) Haemolysis in the Ehrlich Ascites C'arcinoma following the Subcutaneous Injection
of Whole Tumour Fluid plus Freund’s Adjuvant

In the course of the analysis of the results of the main experiment (Hartveit,
1962) and of part (b) of this paper, it came to light that there were marked
differences in the amount of haemolysis in the ascitic fluid in the various groups.
These findings will now be presented in detail.

Material and methods

For a full description of these the reader is referred to the original paper (Hart-
veib, 1962), and to part (b) and Table I of this paper. To summarize : All groups
contained 15 male and 15 female mice. The experimental group 6 was given a
mixture of Freund’s adjuvant and living Ehrlich ascites carcinoma subcutaneously,
while groups 1 and 2 had no subcutaneous treatment. Groups 4 and 7 were given
subcutaneous adjuvant minus tumour; group 8 subcutaneous tumour alone.
On the first day of the experiment. the mice in groups 2, 6, 7 and 8 each received
intraperitoneal Ehrlich ascites carcinoma. Thirty days later groups 1 and 4 were
given intraperitoneal tumour. The remaining groups are not concerned in this
experiment.

When the mice died the tumour ascites was removed and centrifuged as des-
cribed previously. After centrifugation the haemolysis in the supernatant fluid
was graded :

0 = absent, pale yellow supernate.
“+ present, pink supernate.
+ 4+ marked, dark red supernate.

I

I
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Results

The findings in both the males and the females are given in Table VI which
shows that + -+ haemolysis occurred only in groups 6, 7 and 4 (in 30 per cent,
3-3 per cent and 3-6 per cent respectively). The difference in this percentage
between group 6 and the untreated mice (group 2) is highly significant statistically
(0-01>P>0-001). There were no marked sex differences.

TaBLE VI.—Haemolysis in the Ascitic Fluid of Mice with Intraperitoneal Ehrlich
Ascites Carcinoma (EAC) following the Subcutaneous Injection of Living
EAC plus Freund’s Adjuvant (FA), and in Control Groups. (30 Mice in
Each Group)

Haomolysis '

— ey
Group Treatment Sex 0 + ++ %+
2 . Nil ) g T T G
7 C 10 b 0
6 . EAC + FA 3 8 3 4
: : 1 5} 30
7] " FA 3 12 3 0 .
9 no3 1} &a
8 " EAC 3 12 3 0 0
9 1 4 0
14 . Nil 2t 1 30y
Q 123 0
4 3 FA ¥ . v 11 2 0
. 1 S 2 I} 3-6

¥

* One mouse accidentally killed.

+ Tumour unsuitable for investigation in one mouse.
+ For details of scale see text.

1 For details see part b.

Discussion

It was decided to ignore 4 haemolysis as the time that elapsed between the
death of the mouse and the centrifugation of the tumour ascites could not be
determined accurately ; differences of up to 18 hr. might have occurred. It was
thought, however, that gross changes, i.e. -4+ haemolysis, were unlikely to have
been brought about in this way—and were as likely to occur in all groups concerned
on this basis.

It was found that this degree of haemolysis was virtually confined to mice in
group 6, that is to say to the mice that had been given tumour plus adjuvant
subcutaneously. The tumour used for injection consisted of whole ascitic fluid.
No attempt was made to remove the erythrocytes, which gave a PCV of 1 per
cent Wintrobe, as such a procedure might have been detrimental to the tumour
cells. Therefore the tumour adjuvant mixture also contained erythrocytes.

The results of the experiment suggest that the combination of erythrocyte-
adjuvant may have been the cause of the increased haemolysis in the experimental
group. It did not occur following the administration of whole ascitic fluid alone,
i.e. tumour, erythrocytes and ascitic serum (group 8), and there was only a very



338 F. HARTVEIT

minor non-specific reaction following subcutaneous adjuvant alone. It was also
absent in the untreated controls.

Considering these findings in relation to those in the main experiment (Hart-
veit, 1962) it could be argued that it was this haemolysis that was detrimental
to the mice in the experimental group, and that it was this, and not a reaction
against the tumour protein, that played a major part in their early death. If
only the survival time is considered this appears quite possible, but when taken
in conjunction with the tumour blood content it is evident that this is unlikely.
While one could well expect treatment with an erythrocyte-adjuvant mixture
to increase the haemolysis of the blood present in the tumour, one could hardly
expect that to account for an increase in the blood content itself.

Secondly it could be argued that group 6 showed the greatest amount of
haemolysis as the tumours contained the greatest amounts of blood. However,
on referring back to Table III of the original paper (Hartveit, 1962) it will be
seen that the females in group 7 showed almost as high a tumour blood content
ag those in group 6, while they do not show a correspondingly high degree of
haemolysis.

Thus the haemolysis will have detracted from the findings on the blood content
of the tumour ascites in group 6 as judged from the packed cell volume of the
erythrocytes present. The amount of blood present was, in fact, even greater
than that recorded in this group. It is of note that this reaction to a normal
tissue did not show a sex difference while that related to the tumour tissue did.

SUMMARY

(a) Emulsification of Ehrlich’s ascites carcinoma with Freund’s adjuvant does
not appear to have adversely effected the growth of the tumour cells in the mixture
when this is injected subcutaneously into healthy mice. On subcutaneous injec-
tion of the tumour the female mice show greater natural immunity than the males
as evidenced by their longer survival time.

(b) A non-specific immune type reaction to Ehrlich’s ascites carcinoma was
found in male mice following the subcutaneous injection of Freund’s adjuvant
mixture 30 days before the intraperitoneal injection of Ehrlich’s ascites carcinoma.
Female mice showed no reaction after this time interval, and the time interval had
no effect on the reaction at the site of the subcutaneous adjuvant injection.
Further the immune reaction was not dependent on the latter. While the
mechanism of the immune reaction is thought to be similar to that occurring in
female mice when the adjuvant is given on the same day as the tumour, it is
suggested that it differs from that accompanying natural immunity and from the
immunity acquired after the subcutaneous injection of Freund’s adjuvant plus
living tumour.

(¢) It was found that haemolysis occurred in intraperitoneal Ehrlich ascites
carcinoma following the subcutaneous injection of whole Ehrlich ascites carcinoma
plus Freund’s adjuvant. Marked haemolysis was absent in the untreated control
groups. This haemolysis is thought to have been due to the erythrocytes present
in the ascitic tumour fluid that was combined with the adjuvant mixture. The
haemolysis will have detracted from the findings in the main experimeat ; the
haemorrhagic response to the intraperitoneal tumour following the subcutameous
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injection of tumour plus adjuvant being in fact greater than that given by the
PCV of the erythrocytes.
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It has previously been reported (Hartveit, 1961b) that the blood content of
the tumour ascites produced by the mice used at this Institute after the intraperi-
toneal injection of Ehrlich’s ascites carcinoma is a measure of their immune
reaction to the homografted tumour. When this reaction is strong it kills the
mice. Thus their survival time cannot be used to measure the possible injury to
the tumour cells that would be expected on the basis of a specific homograft
reaction.

It was therefore decided to investigate the tumour for evidence of cellular
injury. An experimental group was set up in which the tumour dose was such
that the first mice could be expected to die on the seventh day after the injection.
All the mice were killed on the sixth day. Wet preparations of the tumour ascites
were examined for non-viable cells and films were examined for eytological changes,
The cytological changes following non-specific autolysis in vitro were also studied
and the changes compared to those seen in vivo.

MATERIAL AND METHODS

The mice and the Ehrlich ascites carcinoma used were similar to those in
previous experiments (Hartveit, 1961b), the tumour now being in its 124th
transplant generation.

Ezxperimental procedure.—One mouse provided the tumour for the experimental
group which consisted of 15 male and 15 female mice. These mice were each given
0-1 ml. of the tumour ascites intraperitoneally (tumour cell count 2,740,000 /c.mm.,
tumour blood content 0-2 per cent). To investigate the changes on non-specifie
autolysis the remaining tumour from the donor mouse was collected in a test-
tube and left at 20° C., films and vital cell counts being made at intervals,

The mice in the experimental group were all killed 6 days later. Vital cell
counts were carried out and films were made immediately from the tumour ascites,
I ml. of which was centrifuged to obtain the percentage blood content (Hartveit,
1961a).

Vital staining and vital cell counts.—Schrek’s method (1936) was used. The
number of stained cells/500 unstained cells was expressed as a percentage.

Films.—These were air dried and stained at once with Leishman’s stain.

Cell measurements and cell counts.—An eyepiece with a calibrated scale was
used. Measurements were taken in the axis of the cell parallel to the scale, con-
secutive mononuclear cells being measured. Cells impinging on the scale were
counted.
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Donor mouse.—The nuclear and cell diameters of the tumour cells were
measured in the immediate preparation and as they passed through the different
stages of autolysis. The average of 100 readings was taken.

Experimental group.—The number of abnormally staining tumour cells (vide
infra)/500 normal tumour cells was counted and expressed as a percentage.

RESULTS
Kxperimental group
Films.—In normal Ehrlich ascites carcinoma cells stained with Leishman’s
stain the nucleus is a dark bluish purple, the nucleoli even darker and the cyto-
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Fi1a, 1, —Scatter diagram and regression lines for the number of abnormally staining tumour
colls in the tumour ascites related to its blood content.

1. Male values - and x.
2. Fomale values - — and O.
Note. Tumour unsuitable for investigation in one male mouse.

plasm dark blue. In these animals some of the tumour cells stained differently :
the nucleus being reddish purple to red, the nucleoli light blue and the cytoplasm
slate grey.

Fig. 1 shows the scatter diagrams and regression lines for the number of
abnormally staining tumour cells (y) in the immediate preparation related to the
blood content of the tumour ascites (x) in both sexes. (Male y = 5-02 4 4-27x
and female y = 8:25 + 3:17x.) The difference in the numbers of these cells and
in the tumour blood content between the sexes is not statistically significant.
The correlation coefficient (r) for the relationship between these two factors is
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0-91 for the males and 0-87 for the females. This positive correlation is significant
in both sexes (0-01 > P — 0-001).

Table 1 gives the mean cell and nuclear diameters of these cells and of the
normal tumour cells in air dried preparations. The abnormally staining cells are
considerably larger. The difference in both diameters is significant (0-001 —~ P?).

TasLe L.—The Mean ('ell Diameter (SD) and the Mean Nuclear Diameter (SD) of
the Normal and of the Abnormally Staining Twmour Cells (Air Dried Preparation)

Diameter, u

Ehrlich ascites - A —

carcinoma cells Cell SD Nucleus SD
Normal ; . . 13-86 1-65 10-75 1-32
Abnormally staining . 21-00 3-80 1580 2.64

The morphology of these cells also differed from that of the normal tumour
cells. The surface of the cell was covered with evtoplasmic blebs, the eytoplasm
was finely granulated and often contained more vacuoles than normal. The large
nucleus contained a network of nuclear protein with clear nuclear sap between
and the nucleoli were prominent. Fig. 2 shows one of these cells with some normal
tumour cells for comparison.

Some of the abnormally staining cells appeared to be disintegrating. Rupture
of the cell membrane with loss of cytoplasm preceded nuclear changes. The
formation of nuclear blebs preceded loss of nucleoli (Fig. 3). Increase in the size
of these blebs resulted in the rupture of the nuclear membrane and loss of nucleoli.
Clumps of free nuclear material were also seen.

Vital staining.—Neither the normal tumour cells nor the cells with cytoplasmic
blebs took up the stain after 2 minutes. After 10-15 minutes a few of the cells
with blebs did so.

Tumour from donor mouse

The immediate preparation contained 0-8 per cent of the large abnormally
staining tumour cells.

On autolysis the normal tumour cells showed a series of morphological changes
similar to those described by King, Paulson, Puckett and Krebs (1959) following
irradiation and salyrgan. These changes consisted of cytoplasmic granulation,
the formation of coarse blebs on the cell surface, swelling of the cytoplasm and of
the nucleus and were accompanied by changes in staining reaction similar to those
in the large abnormally staining cells in the immediate preparation (Fig. 4). This
was followed by rupture of the cell, pyknotic condensation, reswelling and fatty
degeneration of the denatured protein with the formation of ghost cells.

Table 1T shows the mean nuclear diameter of the tumour cells at the different
stages of autolysis compared to that of the healthy tumour cells and the large
abnormally staining cells. The autolytic tumour cells never reached the size of
the abnormally staining cells. The difference in nuclear diameter between the
largest autolytic cells and the latter cells is significant (0-001 = P).

Vital staining.—Table 111 shows that the number of stained cells increased
with time and that the increase was not strictly parallel to the increase in the
number of abnormally staining autolytic cells seen on the films,
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Tavne H.—The Mean Nuclear Diameters (SD) of the Tumour Cells on Autolysis
compared to that of the Large Abnormally Staining Tumour ('ells and of the
Normal Tumour Cells (Air Dried Preparation)

Nuclear

Type of Ehrlich ascites diameter
carcinoma cell (1) SD
Early autolytic (minimum-— 4 hours) . 12-73 -54
Early autolytic (maximum- 168 hours) . 13-92 1-85
Pyknotie ’ i ’ : 3 6-80 0-94
Ghost ; ; ; : . 3 12-44 1-53
Large abnormally staining . . . 15-80 2-64
Normal . . , : . . 10-75 1-32

Tavre H1—Percentage of Vitally Stained Cells and of Abnormally Staining ('ells
in Autolytic Twmour Related to Time

Vitally stained Abnormally staining
Time cells autolytic cells
(hours) (%) (%)
0 . 0 ; 0-0
3 . 0 . -
4 . 3 v 200
48 . 92 ¢ 49-2
e & 100 2 566

DISCUSSION

As Ehrlich’s ascites carcinoma is a homograft one would expect to find evidence
of injury to the cells following transplantation. Vital staining by Schrek’s method
(1936) is used extensively as evidence of cell death (Parker, 1961). However the
assumption that all the cells taking up the stain are dead has been questioned
(British Empire Cancer Campaign, Annual Report, 1951), and the conclusion
reached was that while vital staining cannot be taken as certain evidance of cell
death, all cells that do not take up the stain are viable.

With regard to Ehrlich’s ascites carcinoma it has been shown that vital staining
occurs just before the cell bursts and becomes pyknotic (King, Paulson, Puckett
and Krebs, 1959). Cytological changes preceding vital staining were demonstrated
in the autolytic tumour in the present work (Table III). These changes are thus
an indication of cell injury but not of cell death.

The large cells found in the tumour in the experimental group are then prob-
ably, on the basis of their staining reaction, injured cells. Some of them, after
prolonged exposure, will take up the vital stain. These injured cells were larger
than the normal cells, and larger than the autolytic cells ever became (Table IT).
Increase in the size of tumour cells following injury is a common finding (Lumsden,

EXPLANATION OF PLATE

Fia. 2.~ Large abnormally staining tumour cell with cytoplasmie blebs. Note size in comparison
to normal tumour cells. Leishman's stain x 650.

I1a. 3. Large abnormally staining tumour cell in process of disintegration. Note nuclear bleb
formation. Leishman's stain x 650.

F16. 4.—Early autolytic changes in normal tumour cell. Note size in comparison to large
abnormally staining cell in Fig. 2. Leishman’s stain x 650.



BriTisH JOURNAL OF (AN ER Vol XV No:. 3

Hartveit,



F. HARTVEIT 560

1931 : Kidd, 1953 ; Klein and Forssberg, 1954 ; Flax, 1956 ; Green, Barrow and
Goldberg, 1959) and it appears that the degree of swelling may vary with the
different forms of injury (Koller and Casarini, 1952 ; Kalfayan and Kidd, 1953 :
Ahlstrom and Ising, 1955 : King, Paulson, Puckett and Krebs, 1959).

Of the many cytological changes described following injury the changes in
the large cells in the present experimental group were most like those described by
Flax (1956) and Green, Barrow and Goldberg (1959) following treatment with a
specific antitumour serum from a foreign host. Flax saw cytoplasmic changes and
rupture of the cell membrane in air dried preparations, but he considered them
to be artefacts. Green, Barrow and Goldberg deseribe similar eytoplasmic changes
seen on phase contrast and electron microscopy. They did not see rupture of the
cell membrane. In the present work the cytoplasmic changes were seen in wet as
well as air dried preparations and the rupture of the cell membrane was seen to
represent a stage in the disintegration of the cell.

The striking difference between the cells described by Flax and those reported
here is that his cells formed ghost cells in the manner of the autolytic cells in this
material. According to Green, Barrow and Goldberg more cytoplasmic swelling
occurs in a low protein medium. As the protein content was probably much
higher in Flax’s experiment and in the autolytic tumour, in both of which a high
proportion of the cells were degenerating, than in the tumours in this experimental
group, the difference in medium could explain this discrepancy in the findings.
Flax’s findings also indicate that the formation of ghost cells is not related to the
temperature of the medium.

The ghost cells in Flax’s experiment were not preceded by pyknotic cells as
was the case with the autolytic cells. It may be that in the autolytic cells de-
gradation of the cytoplasmic and nuclear protein proceeded at the same rate
while in his cells the cytoplasmic protein was denatured first and modified the
disintegration of the nucleus. The relative lack of eytoplasmie protein in the large
cells in the present experiment could account for the lack of modification in the
nuclear degeneration.

Thus these large cells show changes characteristic of injury by specific anti-
tumour antibody. The sequence of events suggests that the noxious agent acted
on the surface exposed to the medium and points to the presence of a cytotoxic
factor in the ascitic fluid ; this possibility is being investigated further.

The present work thus indicates that cellular injury does occur following the
homotransplantation of Ehrlich’s ascites carcinoma. It also shows that the
number of cells injured varies from mouse to mouse (Fig. 1) as is to be expected
as the mice used were heterozygous. The high positive correlation between the
blood content of the tumour and the cellular damage supports the idea that they
are both consequences of the same basic response, an immunity or homograft
reaction.

SUMMARY

The presence of injured cells in untreated Ehrlich ascites carcinoma is reported.
The cytological changes were found to give a more delicate indication of cellular
injury than vital staining. The morphological characteristics of the injured cells
were similar to those described following treatment with specific antitumour
serum, and indicate that the cells were damaged through a specific immune
(homograft) reaction on the part of the host. This view is supported by the finding
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of a high positive correlation between the number of these cells present and the
blood content of the tumour ascites, which is a measure of such a reaction
(Hartveit, 19615).
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In a previous experiment (Hartveit 1962) the author found that the
number of injured cells present in untreated Ehrlich ascites carcinoma
at 6 days increases with the blood content of the tumour. When the
blood content is particularly high the number is less than would be
expected from the regression line. This finding, which has not been
stressed previously, prompted the re-examination of the films from the
tumours in the previous experiment. It was found that in the cases in
which the number of injured cells was lower than expected many pyk-
notic cells were also present, while there were few in tumours with a
low blood content.

In view of these findings, which suggest that there is a factor inju-
rious to the tumour cells—a cytotoxic factor—in the ascitic fluid, it
was decided to see if an excess of fluid over that present in vivo would
increase the amount of cell damage produced (experiment I), and if
this were so to see whether the different fluids varied in their ability
to cause cell damage, and whether this ability was related to the tumour
blood content (experiment II).

MATERIAL AND METHODS

The mice and the Ehrlich ascites carcinoma used were similar to those used in
previous experiments (Hartveit 1961), the tumour now being in its 132nd. trans-
plant generation. .

Experimental Procedure.

Experiment 1. One mouse provided the tumour for the experimental group which
consisted of 5 male and 5 female animals that were each given 0.1 ml of the tumour
ascites intraperitoneally (tumour cell count 1,370,000/mm. ¢., tumour blood content
2 per cent). After 6 days the mice were killed and the tumour ascites removed.
Half of the tumour ascites from each mouse was centrifuged to obtain the cell-free
ascitic fluid. This supernatant was then added to the other half of the tumour
ascites, using Pasteur pipettes, in the proportions shown in Table 1. Films were
made, as described previously (Hartveit 1962), from the original tumours and {rom.
all dilutions.
Experiment II. (Based on the results of experiment I, vide infra). One mouse pro-
vided the tumour for this experimental group which consisted of 15 male and 15

10
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female animals. These were each given 0.1 ml of the tumour ascites intraperitone-
ally (tumour cell count 1,960,000/mm. ¢., tumour blood content—3 per cent).

Six days after the injection of the tumour all the mice were killed. One ml of
the tumour ascites was centrifuged in a Wintrobe tube to obtain the PCV of the
erythrocytes (Hartveit 1961) and the cell-free supernatant ascitic fluid, This super-
natant was then added to the original tumour as in the above experiment and films
were made in the same way. The films were numbered 1 5 according to the amount
of excess ascitic fluid used (Table 1). The end point of the reaction was recorded
as the number of the tube in which all the tumour cells were either swollen or
pyknotic, i.e. at which no healthy cells remained.

TABLE 1

The Proportions of Whole Ehrlich Ascites Carcinoma in Cell-Free Ascitic Fluid from
the Same Mouse Used in the in vitro Tests.

Tube | Whole tumour, Ascitie fluid,
number } drops drops
1 1 0
2 2 1
3 1 1
4 1 2
5 1 1

RESULTS

Experiment I. Figure 1 shows the result of adding different amounts of
ascitic fluid from the same tumour to the tumour cells (1a). The addi-
tion of small amounts of excess fluid resulted in the production of large
injured cells (1b), greater amounts produced pyknosis (1c¢) and still
greater amounts clumping (1d). The pyknotic cells were seen to be
joined by fine bridges (Fig. 2a). These bridges were also seen on dark
ground illumination of the wet preparation (2b). These findings were
constant in all the mice investigated.

TABLE 2
The Mean Blood Content of the Tumours (SD) and the Amount of Excess Ascitie
Fluid Needed to Produce Changes in all the Tumour Cells—Expressed as the Mean
Tube Number (SD), see text, with the Standard Error (SE) of the Sex Difference,
the t and P Values,

|
| No. of

Series } mice | Mean | SD i SE ! P
Blood content (%) 3 14 25 1.9 0.88 1.46 0.2>P>01
Q 14* 1.2 1.6
3+ 9 28 1.8 1.9
Tube number 3 14* 1.3 0.9 0.33 1.62 0.2>P>01
Q 14* 2.2 0.9
3+ 9 28 2.0 0.9

* Tumour unsuitable for investigation in one mouse.

Experiment I1. Table 2 shows the mean blood content of the tumours,
i.e. the PCV of the erythrocytes (with the standard deviation, SD) and



Fig. 1

The effect of an excess of
ascitic fluid from the same
tumour on Ehrlich ascites
carcinoma cells

Leishman’s stain, X 720,
(reduced to approx.

% B8O in print).

a. Whole tumour.
Note normal cell size

b. 1 drop of tumour plus 1 drop
of ascitic fluid. Note swollen
cells and loss of eytoplasm,

¢. 1 drop of tumonur plus
2 drops of ascitic fluid.
Note pyknosis.

d. 1 drop of tumour plus
{ drops of ascitic fluid.
Note pyknosis and clumping.



Fig. 2

. Leishman’s stain,
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Fig. 3.

Regression line and scatter diagram of the relationship between the tumour blood
content and the amount of excess tumour ascitic fluid needed to injure all the
tumour cells—expressed as the tube number (see text), for the total series.

the mean amount of excess ascitic fluid needed to produce changes in
all the tumour cells (SD) for the male, female and total series. The
standard error (SE) of the difference between the male and female
means is also given, with the t and P values.

Table 2 shows that the sex difference was not significant for either
factor. Therefore the total series was used for the regression line
(Fig. 3) of the relationship between the tumour blood content (x) and
the amount of excess ascitic fluid needed to produce changes in all
the tumour cells (y), (y = 2.58-0.33x). The corresponding correlation
coefficient, r, was found to be -0.6934 (t = 3.602) and as such was
highly significant (0.01 > P > 0.001). (réd = -0.6766, r¢ = —0.6517).

DISCUSSION

The hypothesis on which the present experiments are based is that
there is a cytotoxic factor in the ascitic fluid surrounding the Ehrlich
asciles carcinoma cells. A previous experiment (Hartveit 1962) had sug-
gested that in some cases enough of this factor is present in vivo to
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damage the tumour cells, and that the amount of damage varied from
tumour to tumour. Experiment I was therefore designed to see if the
addition of ascitic fluid in excess of that found in vive would increase
the cell damage. The results show that it did, small amounts producing
the type of injury, seen in vivo, that has been shown to be related to
the tumour blood content (Hartveit 1962); larger amounts producing
pyknosis and clumping of the tumour cells. The formation of bridges
between the pyknotic cells preceded clumping. As these bridges were
seen in the wet preparations they are not fixation artefacts. The pheno-
menon is not purely mechanical as it occurred with different propor-
tions of cells and ascitic fluid in different tumours (vide infra),

Direct reference to bridges of this type between tumour cells has not
been found, but such a bridge has been clearly demonstrated in a photo-
graph in Fitch’s work (1962) on this tumour. This photograph (Fitch’s
Fig. 2A) shows the result of treating unwashed tumour cells with speci-
fic fluorescent labelled anti-tumour globulin absorbed with mouse liver
powder. Bridges have also been shown to be present between erythro-
cytes when they have been agglutinated by specific antibody (Strallon
& Renton 1958). Thus this finding adds further support to the idea
(Hartveil 1962) that an immunological reaction is responsible for the
cell damage.

Experiment IT was designed to see if the amount of this factor varies
in the different ascitic fluids, and whether it is related to the tumour
blood content, as suggested from the findings in a previous experiment
(Hartveit 1962). It was found that the different fluids did vary (Fig. 3)
in their ability to injure the cells of the tumour from which they were
taken. It was also clearly shown that this ability is related to the tu-
mour blood content—a fluid from a tumour with a high blood content
being more active than one from a non-haemorrhagic tumour. The con-
siderable scatter in the results in Figure 3 may well be due to the ex-
perimental error inherent in the use of Pasteur pipettes, as the drop
size was not uniform, different pipettes being used for tumour and
ascitic fluid.

The results of these experiments provide further evidence of the
existence of a cytotoxic factor in untreated Ehrlich ascites carcinoma,
and suggest that this factor is related to the immune reaction to the
homografted tumour that is reflected in the tumour blood content
(Hartveit 1961). There are two possible explanations of the findings.
The cytotoxic factor may be present in the ascitic fluid that is added
to the whole tumour. In this case an excess of the factor in relation to
the cells is usually needed. The second possibility is that the factor is
present on the unwashed cells and that an additional factor, present
in the ascitic fluid, is needed in excess to trigger off the reaction. In
this connection it is of note that the interaction of Ehrlich aseites car-
cinoma cells and immune antiserum from a foreign host has been
shown to take place only when complement has been added to the sy-
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stem (Flax 1956, Wissler & Flax 1957, Fitch 1962, Stone, Dzoga & Wiss-
ler 1962). Similarly, with the Yoshida ascites sarcoma, complement
was needed to produce the in vitro changes in the tumour cells ( Land
1957). Further experiments on the mode of action of the cytotoxic fae-
tor in Ehrlich’s ascites carcinoma are in progress.

SUMMARY

The presence of a factor in untreated Ehrlich ascites carcinoma that
is capable of damaging the tumour cells in vitro is demonstrated. The
morphology of the injured cells, and the formation of bridges between
the pyknotic cells, suggest that an immunological reaction is involved.
This is also in accordance with the finding that the activity of the tu-
mours in this respect is proportional to their blood content, a measure
of the immune reaction of the host to the tumour homograft (Hartveit
1961).
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In describing the stages in the death of an Ehrlich ascites carcinoma
cell King, Paulson, Puckett & Krebs (1959) have shown that the cell
bursts before it becomes pyknotic. The findings in autolytic tumour
support this view (Hartveit 1962b). The author has reported previously
(Hartveit 1963) that Ehrlich ascites carcinoma cells treated with an
excess of ascitic fluid from the same tumour become swollen, if the
amount of excess fluid is low, and pyknotic if the amount is greater.
The latter cells are obviously damaged, but may or may not be dead.
To settle this point the survival time of mice after the intraperitoneal
injection of undiluted tumour, tumour diluted in physiological saline
and tumour diluted with cell-free tumour ascitic fluid was studied.

MATERIAL AND METHODS

The mice and the Ehrlich ascites carcinoma used were similar to those used in
previous experiments (Hartveit 1961), the tumour now being in its 130th, transplant
generation.

Experimental procedure. Five male mice that had received 0.1 ml of Ehrlich's
ascites carcinoma (tumour cell count 1,360,000/mm.c., tumour blood content—2 per
cent)7 days previously were killed. The tumour ascites was removed, The tumour
from one of these mice was used as the source of tumour for all experimental groups
(tumour cell count 1,480,000/mm. ¢., tumour blood content—a trace), The tumour
ascites from the other 4 mice were centrifuged and the supernatant ascitic fluid
pooled.

Experimental groups. Three groups of 10 male and 10 female mice were set up.
The mice in group I each received one intraperitoneal injection of 0.1 ml of the
undiluted tumour ascites. Group Il received the same amount of tumour ascites
diluted with 5 times the amount of physiological saline, and group III the same
amount of tumour ascites similiarly diluted with pooled cell-free tumour ascitie
fluid.

Investigations. Films were made, as described previously (Hartveit 1968 b)Y, from
the tumour injected in each group. Wet unstained preparations were examined
under dark ground illumination and photographs taken for the subsequent measure-
ment of the cells (the average of 100 readings being used), Vital staining (Schrek
1936) was also carried out on the fluids injected. The micy were weighed B times in
the course of the experiment, and their survival times recorded.

2 ACTA PATH. 58,1 17



Fig. 1.

The Ehrlich ascites
carcinoma cells
injected in the

3 groups.

Dark ground
illumination, x 560
(reduced to approx.
% 450 in print).

a. Group I.
Note healthy
cells.

b. Group IL
Note slight
shrinkage.

¢. Group 111
Note pyknosis
and clumping.
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a. Group I. Note normal ecell size.

J

>

b. Group I1l. Note pyknosis and clumping.
Fig. 2.

The Ehrlich ascites carcinoma cells injected in group 1. undiluted,
and in group I, diluted with ascitic fluid. Leishman’s staln, X 700,
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RESULTS

Figure 1 shows wet preparations of the tumour injected in each of
the experimental groups. The tumour cells in Figure la—group I, in-
jected undiluted—appear healthy. Some of those in Figure 1b-—group
II, diluted with saline—are slightly shrunken. The cells in Figure 1c
group I, diluted with ascitic fluid-—are pyknotic and show clumping.
This pyknosis is further evident in Figure 2 which shows the undiluted
cells (2a) and the cells diluted in ascitic fluid (2b). The pyknosis of the
cells in the latter fluid was uniform, no healthy cells remaining. The
effect of diluting with pooled ascitic fluids appeared identical to that
previously seen on adding an excess of fluid from the same tumour
(Hartveil 1963).

TABLE 1a
The Diameter (x) of the Ehrlich Ascites Carcinoma Cells in the 3 Groups, I—Given
Undiluted Ehrlich Ascites Carcinoma, II—Tumour Diluted with Saline, and 111
Tumour Diluted with Ascitic Fluid, as Measured from Pholographs.

Group £ (mm) SDX
| 9.16 1.41
11 8.38 1.17
I 6.56 0.73

TABLE 1b

The Difference in Cell Diameler (x) between the 3 Groups (see Table 1 a), with
the SE, t and P Values.

Difference Diff. in X

between groups | (mm) SE - ! P
I and 11 0.78 0.44 127 0.1 >P > 0.05
IT and ITI 1.82 0.69 2.64 0.02 > P > 0.01
I and 11 2.60 0.39 6.72 0.001 > P

Table 1a gives the mean cell diameter, with standard deviation (SD),
of the cells injected in each group, and shows that slight shrinkage
occeurred in cells diluted with saline and marked shrinkage in those
diluted with ascitic fluid. Table 1b shows the differences in cell dia-
meter between the groups, with the standard error (SE), t and P va-
lues. The amount of shrinkage in the saline diluted cells is not signi-
ficant, while that of those diluted with ascitic fluid is highly so (0.001
> P).

Table 2 gives the survival time (SD) of the mice in all three groups
and the sex differences within the groups, with SE, t and P values.
The sex difference was only significant in group III (0.05 > P > (.02).
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TABLE 2
The Survival Time (x) in Days (SD) of the Mice in the 3 Groups (see Table [ a).
The Sex Differences within the Groups with SE, t and P Values Are Given.
(10 Male and 10 Female Mice in each Group).

Group  Series X Shy ‘,?l';“ SE 1 P
I 3 13.5 2.4 1.5 0.93 1.61 02>P > 01
? 15.0 22
11 3 15.4 2.1 1.8 1.24 1.45
Q 13.6 2.8
111 3 14.4 1.9 2.3 1.08 2,12 005 > P »003
Q 16.7 2.8
30

females

15 4 Growp | —_—

' Group 11 —

: Growp 11l = = =

|

L
0

o 5 10 15

Time (days).
Fig. 3.
The mean weight of the mice in the different groups,

I - with undiluted Ehrlich’s ascites carcinoma,
Il - with tumour diluted with saline, and )
111 — tumour diluted with ascitic fluid, related to time after injection of the tumour.



99

Table 3 gives the difference in survival time between the groups,
with SE, t and P values. The difference between the females in groups
IT and III was significant (0.05 > P > 0.02).

TABLE 3
The Difference in Survival Time (x) in Days between the 3 groups (see Table 1 a),
with the SE, t and P Values. (10 Male and 10 Female Mice in each Group).

Difference oo Sex _— o
}wlw'...:n’gl:-:n(ups Serles diff. 5 SE : I
I and 11 ) 1.9 1.15 1.65 02>P > 01
9 1.4 1.00 1.39 »
IT and 111 & 1.0 0.62 1.61 -
? 3.1 1.26 2.47 0.05>P > 002
I and I11 3 0.9 0.97 0.93 04>P>03
9 1.7 1.05 1.62 02>P >01

On vital staining of the tumour cells in the three fluids injected none
of the tumour cells took up the vital stain at 2 minutes, at 15 minutes
or at 45 minutes, at which time all the injections had been completed.
After 2 hours 7 per cent of the cells in the group I fluid, 10 per cent
in group II, and 50 per cent in the group III fluid took up the vital
stain.

Figure 3 shows the weights of the mice in the 3 groups related to
time. The differences between the groups are not statistically signi-
ficant.

DISCUSSION

The results of this experiment show that although morphological
signs of injury can be seen in Ehrlich ascites carcinoma cells treated
with an excess of tumour ascitic fluid the cells are not dead. This is
in keeping with the results of vital staining but not in keeping with the
idea that the pyknotic tumour cells are cells that have burst. King, Paul-
son, Puckelt & Krebs (1959) have shown that damaged tumour cells
swell, burst and subsequently become pyknotic and take up the vital
stain, The author found the same in cells undergoing non-specific auto-
lysis (Hartveit 1962b). It has also been shown that when a small amount
of excess ascitic fluid is added to the tumour cells swelling results,
but when a large amount of fluid is added all the cells become pyknotic
(Hartveit 1963), preliminary swelling has not been observed.

This suggests that the injury inflicted by a great excess of the fluid
differs from the primarily cytoplasmic injury that follows a smaller
amount of the same fluid, in that the cell does not burst. This idea is
supported by the findings in the present experiment. Vital staining
showed that the tumour cells that had been diluted with ascitic fluid
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did not take up the stain after 2 minutes —as they should have done
had they been burst cells (King, Paulson, Puckett & Krebs 1959). After
2 hours half of them did so—in contrast to the controls—confirming
that some damage was present.

The survival time of the mice in the present experiment clearly in-
dicates that the pyknotic tumour cells were not dead (Table 3 the
difference in survival time between the untreated cells (group I) and
those diluted with ascitic fluid (group III) was not significant. The
weight curves for the mice in the different groups (Fig. 3) show that
there was no preliminary lag in group III that could indicate that a
lower dose of living cells had been compensated by an XYZ effect ex-
erted by the dead cells present.

The changes in cell diameter and morphology (Figs. 1 and 2, and
Table Ia) suggest that the cells in group Il are damaged. This is sup-
ported by the results of the vital staining and of the survival time ex-
periments in the females (vide infra). It has been shown previously that
female mice have greater natural resistance to Ehrlich’s ascites carci-
noma than males (Hartveil 1962a). This does not usually show up on
intraperitoneal injection. But in group Il of this experiment the fe-
males survived significantly longer than the males (0.05 > P > 0.02),
Table 2. This finding suggests that the cells were damaged so that they
were more vulnerable than usual to the immune response of the host.
This is further supported by the finding (Table 3) that the females in
group III also survived significantly longer than those in group 11
(0.05 > P > 0.02). The group II cells had been diluted in saline, i.e.
they had gone through the same mechanical process as those in group
III, but their vitality was not impaired in contrast to that of the cells
diluted in ascitic fluid.

It is of note that Ehrlich ascites carcinoma cells treated with hete-
rologous immune gamma globulin show swelling. Whether or not rup-
ture of the cells takes place is debated (Flax 1956, Green, Barrow &
Goldberg 1959), but their viability is definitely reduced (Lindner 1960).
The changes in such cells appear to be identical to those following a
small amount of excess ascitic fluid, and the reduced viability is in
keeping with the finding that the cells with the latter changes show
vital staining after about 10 minutes (Hartveit 1962b), in contrast to
the pyknotic cells in the present experiment that needed two hours.

It thus seems that the injury to the tumour cells following a great
excess of ascitic fluid is reversible, at least in the carly stages, while
that following smaller amounts may not be. This possibility is being
investigated.

SUMMARY

Ehrlich ascites carcinoma cells treated with an excess of tumour
ascitic fluid become pyknotic. These pyknotic cells are not dead but
injured. It is suggested that the pyknosis of the cells has not heen pre-
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ceded by cell rupture with consequent irreversible cell damage. The
experiment also presents further evidence that female mice show greater
natural immunity to the Ehrlich ascites carcinoma than male mice.
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Previous experiments have indicated that there is a difference in the
reaction of male and female mice to the transplantation of Ehrlich’s
ascites carcinoma. This difference does not appear to effect the sur-
vival time of the animals following intraperitoneal injection of the
tumour (Hartveit 1961a) but it does show up on subcutanecous injec-
tion (Hartveit 1962a). It does not seem to be reflected in the blood con-
tent of the intraperitoneal tumour (Hartveit 1961a & b) but it does
show up on the transplantation of pyknotic tumour cells (Hartveit
1963b). From these experiments it appears that female mice may pos-
sess more natural immunity to the homotransplant than males.

The following experiment was designed to study the morphology of
the Ehrlich ascites carcinoma cells at various times after transplanta-
tion to see if this would give any further information on the above
mentioned sex difference.

MATERIAL AND METHODS

The mice and the Ehrlich ascites carcinoma used were similar to those used in
previous experiments (Hartveit 1961 a), the tumour now being in its 133rd. trans-
plant generation.

Experimental procedure. One male mouse, that had been injected with Ehrlich
ascites carcinoma intraperitoneally 10 days previously, provided the tumour for the
experimental group of 15 male and 15 female mice. Each of these was given 0,1 ml
of tumour ascites intraperitoneally (tumour cell count 1,080,000/mm? — tumour blood
content—1 per cent).

Serial biopsy specimens were taken from these mice at three-day-intervals by
inserting a needle through the abdominal wall and collecting the drop of tumour
ascites that formed when the needle was withdrawn. Films were made from this
fluid and stained as described previously (Hartveit 1962 D). The morphology of the
tumour cells was then studied. The number of large injured tumour cells present
was counted as before (Hartveit 1962 b). Three hundred cells were counted on each
film and the results expressed as a percentage.

RESULTS
Four main types of Ehrlich ascites carcinoma cells were seen. These
were the normal cells (Fig. 1a), pyknotic cells (Fig. 1b) and two types




a. Biopsy specimen of tumour 3 days after tranplantation, Normal cells,
Note size, shape and stainability.

b. Biopsy specimen of tumour from the same mouse 9 days after transplantation.
Note flattening of cell surface, pyknosis, increased stainability, intercellular
bridges, and clumping.

Fig. 1.

Changes in untreated Ehrlich ascites carcinoma cells following trans[‘l’hnl'ltion.
Leishman's stain, X 700, ‘



a. Type 1. from first biopsy showing pyknosis. Note disintegration of extoplasm
and presence of nucleoli.

-

b. Type 2, from biopsy 9 days later. Note simultancous disruption of eytoplasm and
nucleus with loss of nucleoli. Also transition, via lesser changes of same type, from
pyknotic to large cells.

Fig. 2.

Large injured tumour cells in untreated Ehrlich ascites carelnoma.
Leishman's stain, « 700.
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of large injured tumour cell. The first of these (type 1) was similar to
those described previously (Hartveit 1962b) that showed swelling and
primary cytoplasmic damage indicative of immunological type damage
(Fig. 2a). The second type of large injured tumour cell (type 2) was
clearly different from the type 1 cells in that the nuclear and cytoplas-
mic damage was seen to occur simultaneously and transition stages be-
tween these and the pyknotic tumour cells were seen (Fig. 2b).

Normal and type 1 tumour cells were present in early biopsies. After
a certain time, which varied from mouse to mouse, the majority of the
tumour cells lost their previous spherical shape—their surface showed
flat planes—and pyknosis occurred, with increased stainability. Inter-
cellular bridges were also seen between these pyknotic cells and clump-
ing was also present (Figs. la and 1b). A few type 1 cells were still
present in the first biopsy showing pyknosis but after this time the
tumour was made up of pyknotic and type 2 cells.

Figure 3 shows the time of occurrence of pyknosis. There was &
marked sex difference. Pyknosis tended to occur earlier in the tumours
in female mice. It was present in 6 of these at 3 days while none of the
males had pyknotic tumours at this time. This difference is statistic-
ally significant (0.001 > P).

15
Number

of
mice

dale values

Female ~ _—

0 3 6 9 12
Days after intraperitoneal injection.
Fig. 3.
The time of occurrence of in vivo pyknosis in Ehrlich’s ascites carcinoma.
(15 & and 15 @ mice).
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Fig. 4.

The mean percentage of large injured Ehrlich ascites carcinoma cells present in
biopsies taken before and after in vivo pyknosis of the tumour (sce Table 1).

TABLE 1
The Percentage of Large Injured Tumour Cells (Types 1 & 2) in Untreated Ehrlich
Ascites Carcinoma Related to the Time of in vivo Pyknosis of the Tumour Cells.
(Data from 15 8 & 15 9 Mice),

Days before pyknosis® | Days after pyknosis®

] G 3 3 - 0 9 12
Large injured Type 1 Type 2
tumour cells

. a 6.6 | 17.2 28.1 4.0 17.6 J1h 39.0

Mean % 9 12.0 20.2 29.9 4.6 5.0 9.0 20.7
SD 3 7.8 10.0 6.2 2.1 13.3 7.9 7.0
e Q 6.5 7.9 8.1 2.4 29 11.0 17.6
Number of 2 8 13 15 13 9 6 2
biopsies Q 38 b§ 9 15 14 12 8

* Maximum time possible. § Biopsy unsuccessful in one other mouse.
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Table 1 shows the mean percentage of large damaged tumour cells,
of both types, present in the biopsies preceding and following the oc-
currence of pyknosis. The standard deviation of these values and the
number of biopsies studied is given. The results are shown graphically
in Fig. 4.

In both sexes the number of injured tumour cells—type 1—rose to
a peak in the biopsy preceding pyknosis and fell sharply when pykno-
sis had occurred. This drop in the number of type 1 cells is highly sig-
nificant in both sexes (0.001 > P). After this time a further sex dif-
ference is apparent. The number of type 2 cells rose more quickly in
the males than in the females; the differences in the two biopsies
following the first showing pyknosis (6 and 9) being significant
(0.001 > P).

DISCUSSION

The results of serial biopsy in the present experiment in which the
number of injured tumour cells was seen to increase with time, and to
reach a peak which was followed by pyknosis of the cells, are reminis-
cent of the findings on adding an excess of ascitic fluid to the tumour
cells (Harltveit 1963a). In this previous experiment it was seen that
when few large injured cells were present in vivo the addition of excess
ascitic fluid increased their numbers and an even greater excess re-
sulted in the pyknosis of the cells. The large injured cells produced were
of the type seen in early biopsies in the present experiment—type 1
cells. The addition of even greater amounts of excess ascitic fluid did
not give rise to type 2 cells as were seen in the later biopsies.

This indicates that although an increase in the amount of a cytotoxic
factor may be responsible for the injury seen in type 1 cells it is un-
likely to be the cause of the injury seen in the type 2 cells. This idea is
under investigation and is supported by the morphology of the type 2
cells, in which the injury appears to effect both nucleus and cytoplasm
simultaneously. In addition, as shown in Fig. 2b, the majority of the
cells show minor changes of a similar nature, changes that are more
like those seen on in vitro autolysis (Hartveit 1962b) than those due
to immunological damage. It is suggested that these cell changes are
probably due to anoxia, particularly as they were not seen until later
biopsies when the amount of ascites was large and the host moribund.

A striking finding was that the biopsy with the greatest number of
type 1 cells was invariably followed by a biopsy containing only a few
injured cells, the rest being pyknotic. These pyknotic cells are un-
doubtedly viable. Klein & Révész (1953) found no difference in the
amount of inoculum needed to produce an ascitic tumour from tumours
between 3 and 16 days after transplantation. This is supported by the
author’s own experience that a 10 day tumour, in which the cells are
usually pyknotic, is as reliable for transplantation as a 6 day tumeur
in which the cells are of normal appearance. In addition tumour -cells
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the author’s previous findings (Hartveit 1962a and 1963a) that female
mice have greater natural immunity to Ehrlich’s ascites carcinoma
than males.
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The possible presence of a cytotoxic factor in untreated Ehrlich
ascites carcinoma has been demonstrated both in vivo and in vilro
(Hartveit 1962 and 1963 a). It has been shown that swelling and loss
of eytoplasm (similar to the cellular response to immunological damage
in a low protein medium) is followed by pyknosis and clumping of the
tumour cells. This pyknosis is not a more severe form of injury as the
viability of the pyknotic cells is little reduced (Hartveit 1963 bh). Thal
is to say in early transplants there is evidence that the host defences
are succeeding in injuring some of the tumour cells. After a certain
time however, though there is still evidence that an immunological
reaction is present—the cells are shrunken, clumped together and joined
by intercellular bridges —there is also evidence that this reaction is
abortive as the tumour continues to grow in spite of it (Harlveil
1963 b).

The question then arises as to why this immunological reaction is
abortive. The reaction is a lytic one. Thus it is possible that lytic in-
hibitors may be involved. It is well known that the serum proteins may
inhibit the lysis of erythroeytes in vitro, and probably also in vivo
(Ponder 1948). On this basis it could be expected that an increase in
the protein content of the medium surrounding the Ehrlich ascites
rarcinoma cells in vivo might inhibit lysis of these cells also. The
finding that the number of injured tumour cells present increases with
time in early transplants and is followed by a sudden change in the
morphology of the tumour cells (which appear pyknotic) with no
further evidence of lysis supports this idea, as the protein from the
Iytic cells could be expected to cause a rise in the protein concentration
of the medium. If it is true that the protein in the medium inhibits the
lytic reaction, the protein content should not rise once pyknosis has
occurred.

The following experiments were designed to test this tentative hypo-
thesis. In experiment I the appearance of Ehrlich ascites carcinoma
cells from both early (prepyknotic) and late (pyknotic) transplants
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was examined on phase contrast microscopy, both undiluted and
media of known protein concentration. As this experiment showed
that tumour cells in a medium of low protein content could be re-
cognized on phase contrast microscopy experiment II was set up to
apply this finding to the tumour as it is in vivo. Experiment IIT was
designed to see if the protein content of the medium rose after the
tumour cells had become pyknotic.

MATERIAL AND METHODS

The mice used and the Ehrlich ascites carcinoma were similar to those used in
previous experiments (Hartveit 1961), tumour from the 135th and 141st transplant
generations being used.

TABLE 1

Ehrlich's Ascites Carcinoma—the Types of Tumour Cells
in the different Transplants.

Type of transplant | Prepyknotic Early pyknotic Pyknotic
l“"';“ Normal Pyknotic Pyknotic
lun;uur and and and
cells I'ype 1 I'ype 1 Tyvpe 2

' See text,

It has been shown previously (Hartveit 1963 ¢) that the type of tumour cell
present in Ehrlich’s ascites carcinoma varies with the time after transplantation.
Thus it is possible to classify the transplants into three types as is shown in Table 1.
Firstly there are the transplants in which pyknosis has not yet occurred; these
prepyknotic transplants contain normal tumour cells and large tumour cells showing
injury of an immunological type (type 1 cells). Secondly there are the early pyknotic
transplants which contain pyknotic tumour cells and a few type 1 cells. Then,
thirdly, there are the pyknotic transplants which contain pyknotic tumour cells in
the early stages. When the host is moribund these transplants also contain autolytic
(type 2) cells, (See Figs. 1 and 2 in Hartveit 1963 ¢).

On examining preparations of Ehrlich’s ascites carcinoma cells under phase
contrast microscopy it must be remembered that the nucleus of the cell is large
and that the eytoplasm is scanty. The light halo may also be disturbing -especially
on photographs. The comparison to be made in the following experiments is be-
tween the narrow rim of cytoplasm and the medium in which the cells are sus-
pended. This is illustrated diagrammatically in Fig. 1.

Experiment I,

Five prepyknotic and 5 pyknotic tumours were obtained by collecting the tumour
ascites from male and female mice that had each received an intraperitoneal in-
jection of 0.1 ml of Ehrlich’s ascites carcinoma (tumour cell count 1,180,000/mm?,
tumour blood content-—1 per cent), three or twelve days previously.

Wet preparations of the undiluted tumour were examined at once by
contrast microscopy. Then one part of the tumour ascites was diluted with 10 ]lll'!l
of a solution of 1g per cent bovine albumin in phosphate buffered physiological
saline (a low protein medium)., A further one part of the tumour ascites was
diluted with 10 parts of a similar solution containing 2.4 g per cent bovine albumin
(a high protein medium). Wet preparations of the cells in these medll were ex-
amined at once by phase contrast mieroscopy.
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Fig. 1.
Diagrammatic representation of an Ehrlich ascites carcinoma cell on phase contrast
microscopy.
1 medium. 2 light halo. 3 cytoplasm. 4 nucleus,

Experiment II.

One male mouse that had been given 0.1 ml of Ehrlich’s ascites carcinoma 10 days
before provided the tumour for the two experimental groups (A and B) each of
which consisted of 5 male and 5 female mice. Each of these was given 0.1 ml of the
tumour ascites intraperitoneally (tumour cell count 1,290,000/mm3, tumour blood
content—2 per cent). The mice in group A were killed two days after transplanta
tion and those in group B eight days after. In all cases the tumour ascites was then
removed—films made and stained, as described previously (Hartveit 1962), and
wet preparations examined at once by phase contrast microscopy,

Experiment 111,

One male mouse that had been given 0.1 ml of Ehrlich’s ascites carcinoma intra-
peritoneally 10 days before provided the tumour for the two experimental groups
(C and D). Group C consisted of 10 male and 10 female mice, group D of 15 male
and 15 female mice. Each of these was given 0.1 ml of the tumour ascites intra
peritoneally (tumour cell count 1,290,000/mm#, tumour blood content - a trace), The
survivors in group C were all killed on the 8th day following transplantation  those
in group D on the 12th. When the mice had been killed the tumour ascites was re
moved. Films were made from this and stained as in the previous experiment, The
tumour ascites was then centrifuged and the protein (plus nucleie acid) content
of the cell-free ascitic fluid estimated spectrophotometrically, using a Unicam spee-
trophotometer and an extinction of 280 am.

RESULTS

Table 2 gives a summary of the results.

Experiment I.

The findings are further illustrated in Figs. 2 and 3. The cytoplasm
of the tumour cells was dark in the undiluted prepyknotie tumours and
in the same cells suspended in a medium of known low protein content.,



TABLE 2
Summary of Results.
The Appearance of Ehrlich’s Ascites Carcinoma Cells on Phase Contrast Microscopy in Media of different Protein Content.
Low Protein Content-—LPC, High Protein Content—HPC.

Experiment Type of tumour Medium Cytoplasm Type of tumour cell Note
LPC Dark Normal + type 1 See Fig. 2 a.
Prepyknotic HPC Bright Pyknotic See Fig. 2 b
I Undiluted tumour Dark Normal + type 1
LPC Bright Pyknotic See Fig. 3 a.
Pyknotic HPC Bright Pyknotic See Fig. 3 b.
Undiluted tumour Bright Pyknotic
Prepyknotic Undiluted tumour Dark Normal + type 1
11 Early pyk. Undiluted tumour Dark & bright Pyknotic + type 1
Pyknotic Undiluted tumour Bright Pyknotic

Note: No sex differences were observed.




In all other cases it was bright. Type 1 cells were only present when it
was dark.

Experiment I1.

Stained films. Table 3 shows that the type of tumour varied in the
two groups. At two days most of the tumours were prepyknotic while at
8 days nine out of ten of the tumours had reached the pyknotic stage.
The sex differences in the findings are not statistically significant, bul
the differences between the groups are (0.01 > P > 0.001). These
results are in keeping with the results of serial biopsy reported earlier
(Hartveit 1963 ¢).

TABLE 3

The Type of Tumour Present in Mice with Intraperitoneal Ehrlich's Asciles
Carcinoma Related to Time after Transplantation. (Leishman’s Stain,)

Type of tumour

|

|
Group | Daysafter
|

transplant.
Prepyknotic Early pyk. Pyknotic
A 2 43 + 49 18 19
B 8 0 19 58 + 49

Phase contrast microscopy. When these results were compared with
those from the stained films it was found that in the cases where the
tumours were at the prepyknotic stage (Fig. 4 a) the eytoplasm of the
cells was darker than the medium, in the early pyknotic stage the cyto-
plasm was dark in some and light in other cells, while in the pyknotic
tumours (Fig. 4 b) the cytoplasm was brighter than the medium in all
cases (Table 2). Once again type 1 cells were only present when the
cytoplasm was dark. Thus in the light of the findings in experiment |
the medium surrounding the tumour cells in prepyknotic transplants
is probably of low protein content. This is supported by Ledour &
Revell’s (1955) findings with the Landschiitz tumour in which the
protein content of the ascitic fluid was lowest in early transplants.

Experiment I11.

At eight days there were 8 male and 10 female survivors in group C,
and at twelve days 11 male and 8 female survivors in group D. In
group C the tumour cells had reached the pyknotic stage in all but
three of the males. As the experiment was designed to find the protein
content of the pyknotic tumours these three animals were excluded
from further investigations. All the tumours in group D were pyknotic,
a few autolytic cells were present in some cases.

Table 4 shows the mean protein content (g per cent) of these pyk-
notic tumours, with its standard deviation (S.D.). The differences be-
tween the groups and between the sexes are not statistically significant.



. Cells suspended in low protein medinm. Note darkne of extoplasm

b. Cells suspended in high protein medium. Note brightness of eytoplasm

Fig. 2,
Ehrlich ascites carcinoma cells from a prepgknotic transplant suspended in media
of different protein concentration. (Phase contrast microscopy X 400).



a. Cells suspended in low protein medium, Note brightness of extoplasm

b. Cells suspended in high protein medium. Note brightne of evtoplasm

Fig. 3
Ehrlich ascites carcinoma cells from a pyknotic transplant suspended in media of
different protein concentration. (Phase contrast microscopy x 400)



a. A prepyknotic transplant, Note darkness of eytoplasm +1. and particularly of
cxtoplasmic blebs

b. A pyknotic transplant. Note brightness of eytoplasm (—).

I

Fig. 4.
The appearance of Ehrlich ascites carcinoma cells on phase contrast mieroscopy.
(Undiluted specimen, X 1100).
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These results show that the protein content of the medium in these
pyknotic tumours is high and that after the tumour has reached the
pyknotic stage the protein content of the medium does not increase.
These findings are in keeping with those of Kun, Talalay & Williams-
Ashman (1951) from pooled tumour ascites between 7 and 12 days
after transplantation. Burgess & Sylvén (1962) give slightly higher
values, 3-4 g per cent, but these were for a distinet subline of the
tumour.

TABLE 4

The Mean Protein Content (x), plus S.D., of the Medium Surrounding Pyknotie
Ehrlich Ascites Carcinoma Cells in vivo at 8 and 12 Days after Transplantation,

|
| Days after

Group transplant. Series No. of mice (K:ﬂ S Dox
C 8 3 5 2,76 0.65
Q 10 2,67 0.89
D 12 ) 11 2.565 0.28
Q 2.57 0.31

DISCUSSION

Experiment 1 of the present paper shows that it is possible, using
phase contrast microscopy, to say whether an Ehrlich ascites carcinoma
cell from a prepyknotic transplant is in a medium of high or low protein
content, as defined above. The eytoplasm of the cells from these trans-
plants appeared dark in media of low protein content and bright in
media of high protein content. On the other hand, the ceytoplasm of
cells from pyknotic transplants appeared bright regardless of the pro-
tein content of the medium. Thus while darkness of the eytoplasm
can be taken as evidence that these cells are in a medium of low protein
content, the converse—that cells in which the eytoplasm is bright are in
a high protein medium-—is not necessarily true.

Experiment II makes use of these findings to confirm that the me-
dium in prepyknotic transplants is of low protein content, as the eyto-
plasm was dark in all cases. The volume of these carly transplants is
also low which makes direct estimation of the protein content difficult
if pooled samples are to be avoided. In addition other methods of
estimating the protein content of the medium involve centrifugation to
remove the tumour cells. This process breaks up the type 1 cells present
and renders subsequent estimations of the protein content of the
medium meaningless. (This objection to centrifugation of the samples
does not hold in experiment III as type 1 cells were not present and
pyknotic cells do not show morphological damage on centrifugation).
The cytoplasm of the pyknotic cells was bright in all cases, but no con-
clusions as to the protein content of the medium can be drawn from
this finding. However, experiment 111 showed that the proteln content
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of the medium in pyknotic transplants is high and, in addition, that it
does not increase with time.

It is suggested that the increase in the protein content of the medium
surrounding the cells that must take place if, as has been shown pre-
viously (Harlveit 1963 ¢), a prepyknotic tumour proceeds to become a
pyknotic one, is the result of loss of protein from the type 1, the im-
munologically injured, cells. It appears from previous results (Harlveil
1963 ¢) that when about 30 per cent of the tumour cells have lost their
cytoplasmic protein to the medium the remaining tumour cells become
pyknotic. From that time on no further loss of protein to the medium
takes place, as is shown in experiment III. While only 30 per cent of
the tumour cells show signs of gross injury all the remaining cells
shrink, show clumping and intercellular bridge formation (Hartveit
1963 ¢). Thus all the cells show evidence of response to an immuno-
logical reaction although lysis does not result in all cases. This is of
note in view of Flax's (1956) and Lindner's (1960) reports that about
70 per cent of the tumour cells are insensitive to the effects of tumour
specific antiserum.

The above findings suggest that the high protein content of the
medium surrounding the pyknotic tumour cells protects them from
damage of an immunological type. Green, Barrow & Goldberg (1959)
have previously shown that such damage takes place in media of low
protein content (about 0.5 g per cent), and this is in keeping with the
findings in the present experiment. But their findings in media of a
“high” protein content, which have been confirmed by Agol (1961),
rannot be compared with the findings in the present experiment as
the “high” protein content is different. In their work the high protein
content was between 15 and 20 g per cent, a very unlikely situation
physiologically. They argue that swelling of the antibody treated
tumour cells, in the presence of complement, was prevented osmotically
in their high protein medium. In the present experiments osmotic
prevention of swelling cannot explain the results. It seems more likely
that the lytic reaction is inhibited by the proteins that are present in
physiological amounts. Here Amos’s (1961) findings are of note, as he
has shown that in some homografts (L 1210 in C3H mice), the tumour
population becomes sensitized during the time of rejection and that
sensitized cells tend to accumulate faster than they can be eliminated
by phagoceytosis or by lysis. He goes on to state that “many of the cells
are stained immediately by Trypan blue,” (i.e. are of doubtful viability),
“others after incubation in Ringer’s solution”. In other words more
cell damage became evident when the protein content of the medium
was reduced.

It may be objected that the use of bovine albumin in the protein
media used in the tests is artificial and that mouse protein might not
act in the same way. However, further control experiments have shown
that the eytoplasm of Ehrlich’s ascites carcinoma cells from both pre-
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pyknotic and pyknotic transplants appears bright in undiluted serum
from normal mice, while if the serum is diluted 1:10 with physio-
logical saline the prepyknotic and pyknotic cells both show dark eyto-
plasm. The finding that the pyknotic cells also develop dark cytoplasm
is of note, as this change is similar to that which occurs in vivo on
transplantation. As was shown in experiment 1 lowering of the protein
content of the medium alone is not enough to bring about this change.
This suggests that mouse serum may contain a further factor that is
needed to convert a pyknotic cell to a prepyknotic one. In view of com-
mon experience with tumour specific antiserum in vitro it may be one
of the components of complement that is needed. If so this factor must
be lacking in late transplants or the eytoplasm of the pyknotic cells
would have become dark on reduction of the protein content of the
medium. Conversely, enough of this factor must be present in pre-
pyknotic transplants to allow the immunological reaction to take place.
It is unlikely that lack of complement limits the reaction in vivo as the
cytoplasm of the prepyknotic tumour cells diluted in a high protein
medium appeared bright, while those diluted in a low protein medium
appeared dark. As the amount of complement would have been the same
in both cases it cannot be this that determines the appearance of the
cytoplasm, or the type of tumour cell present. Thus the survival of the
Ehrlich ascites carcinoma cells in the presence of the eytotoxic factor
may well be due to the protective effect of the protein content of the
ascitic fluid.

SUMMARY

On the basis of the findings on phase contrast microscopy it was
shown that the protein content of the ascitic fluid surrounding Ehrlich
ascites carcinoma cells in vivo is low in prepyknotic transplants. The
protein content of the fluid in pyknotic transplants is high (about 2.5 ¢
per cent). As cell damage of an immunological type is only seen in
prepyknotic transplants the results of these experiments support the
hypothesis that the proteins in the ascitic fluid may, by acting as a lytic
inhibitor, protect the tumour cells from the action of the cytotoxic
factor produced by the host in response to the homotransplanted
tumour.
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SUMMARY AND GENERAL DISCUSSION

As mentioned in the introduction the present work started as an attempt
to induce immunity to the Ehrlich ascites carcinoma. This tumour was thought
to grow progressively in all mice due to its lack of antigenicity — being an
exception to the general rule that a homograft will be rejected by the host.
At first sight it seemed that these attempts to induce immunity failed. But in
the course of these preliminary experiments it became clear that the blood
content of the tumour ascites — a factor that had hitherto been dismissed as
a contaminant — might be of significance.

This blood could only have come from the host. Therefore it represents,
either directly or indirectly, a host response to the tumour. The finding that
the blood content of the tumour ascites differed from mouse to mouse prompted
the experiment reported in the first paper in this series. This was an attempt
to find the conditions that normally obtained when Ehrlich’s ascites earcinoma
was transplanted intraperitoneally in the mice used at this Institute. It was
found that the blood content of the tumour was higher in mice that died soon
after transplantation than in the long survivors. It also became clear that the
mice used were of two main types — those that died soon after transplantation
and those that survived a considerably longer time. As it was felt that the only
variable factor in this experiment could be the genetie constitution of the mice,
it seemed possible that some of the mice might, contrary to expectation, be
reacting against the tumour transplant. The results of the final experiments
designed to test this hypothesis are reported in paper I1. On using means aimed
at reducing any immune response that might be present it was found that the
blood content of the tumour was reduced. This was interpreted as an indication
that the blood content in itself might be a measure of such a response to this
tumour. Consequently the mice that died soon after the injection were considered
to be dying of the effects of their reaction against the tumour.

The original experiments in which living tumour was combined with Freund’s
adjuvant and given subcutaneously to mice with intraperitoneal tumour were
then repeated as the blood content of the intraperitoneal tumour could now be
used to measure the host response (papers I1I and 1V). Control groups without
intraperitoneal tumour, with subcutaneous adjuvant alone and with no sub-
cutaneous treatment were also studied. It was found that the natural immunity
of the host to the tumour was increased in the experimental group and, in
addition, in some cases immunity appeared to have been acquired. The findings
also indicated that the mechanism of the immune reaction was probably the
same in natural immunity and in acquired immunity produced in this way.
The mice given subcutaneous adjuvant alone and intraperitoneal tumour
showed immunity of a non-specific type the mechanism of which seemed to
differ from that of natural and acquired immunity.
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It was further shown that female mice have greater natural immunity to
this tumour than males, and that immunity is easier to induce in females.
Haemolysis of the blood in the tumour occurred in the mice given tumour plus
adjuvant. This may have been a response to the erythrocytes in the subcutane-
ous tumour adjuvant mixture.

It was now clear that the original assumption that the mice do not react
against the progressively growing tumour was no longer tenable and that the
transplant was in fact recognized as a homograft, at least by some of the mice.
This being so it would be reasonable to expect some kind of cellular injury in the
haemorrhagic tumour transplants. The investigations in paper V were designed
with this in mind and it was found that cellular injury was present at six days
after transplantation in all transplants. The number of injured cells was con-
sistently greater in the haemorrhagic than in the non-haemorrhagic tumours,
but were present in both. Thus it was concluded that not only the animals with
haemorrhagic but also those with non-haemorrhagic tumours were reacting
against the transplanted tissue.

These findings, and the observations that cell injury started on the cell
surface and that the cytoplasm was injured before the nucleus showed signs
of damage, suggested that the injurious factor might be present in the ascitic
fluid surrounding the tumour cells. It was found, as reported in paper VI, that
such was probably the case, as the addition of an excess of ascitic fluid to the
tumour cells increased the number of injured cells present, while further excess
resulted in shrinkage of the cells with condensation of the cytoplasmic and
nuclear proteins — i.e. pyknosis. (These cells are termed <pyknotic” in
the present work, and may be similar to those described by Amos (2) that
“became smaller and stained more intensely with less definition of nuclear
chromatin’ in the course of a homograft reaction.) The ascitic fluid from hae-
morrhagic tumours was found to be richer in this injurious factor than that from
non-haemorrhagic tumours — i.e. less fluid from the former was needed to
produce cell damage.

It was first thought that the pyknosis referred to above was similar to that
seen on autolysis and also described by King et al. on irradiation and on treat-
ment with a mercurial poison. The experiment described in paper VII was set
up to see if this was the case. The result was the opposite of that expected —
the so-called pyknotic tumour cells were viable. Thus they cannot be cells that
have burst in response to injury — but must be cells that have shrunk without
first bursting. In the light of the above findings it was next decided to investi-
gate the tumour cells by serial biopsy (paper VIII). This disclosed that the type
of cell damage described previously at six days increased to a peak when
about 80°/, of the tumour cells showed these changes. This peak was followed
by an abrupt change in the morphology of the tumour cells — the next biopsy
showing predominantly cells of the type seen after the addition of large amounts
of excess ascitic fluid to the tumour cells in vitro — i.e. pyknotie cells. Thus it
became evident that the cycle of events seen in vitro on adding excess ascitic
fluid to the tumour cells parallelled the natural occurrences in the life history
of the tumour in vivo.

At this stage in the experiments it was clear that, although an immunological
type reaction against the tumour cells was present, the tumour grew in spi
of it. It seemed possible that the pyknotic cells in the late transplants raight
be antibody coated cells, but that eytolysis was being prevented in some way.
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On the basis of analogy to the inhibitory effect of serum proteins on lytic reac-
tions (48) the protein content of the ascitic fluid round the tumour cells was
studied. These experiments are reported in paper IX; the conclusion reached
being that the suspicion was justified and that, although complement may also
be lacking in some cases, it is probably the protein content of the ascitic fluid
that protects the tumour cells from the destruction that should be their lot
on homotransplantation.

This survey of the present work has been included to explain the way in
which these experiments came to be done — how one aspect of the question
was often followed to the exclusion of another — in other words to show the
train of thought that lies behind the work. As will have been seen this train of
thought was originally based on conventional ideas in the field of tumour
immunity. One of these ideas — the concept that a tumour such as the Ehrlich
ascites carcinoma is transplantable from mouse to mouse irrespective of breed
because it lacks antigens the mice can recognize as foreign — has been shown
to be incorrect in this case. The present work also shows that the Ehrlich ascites
carcinoma and the host reaction to it follow the basic rules of transplantation
immunity. The tumour is recognized by the host which then mobilizes its de-
fences with the production of an immune reaction. However, the clinical result
— rejection of the transplant — does not take place as the protein in the medium
in which the cells are suspended in vivo protects the potentially damaged cells
from the lytic action of the cytotoxic factor plus complement. As swelling with
consequent disorganization of cell structure and cell function is prevented the
antibody coated cells continue to live unhampered by their hostile environment.
When the above findings are borne in mind it is not surprising that antibodies
are not usually found in the serum of mice with Ehrlich’s ascites carcinoma, as
it may well be that all the antibody is adsorbed to the tumour cells as it is
produced.

While it must be remembered that a spontaneous tumour and a transplant-
able tumour such as the Ehrlich ascites carcinoma are basically different, as the
latter is a homograft, it must not be forgotten that the Ehrlich ascites carci-
noma was originally a spontaneous tumour and that the clinical course in the
animal bearing the tumour is similar in both cases. In both cases the tumour
grows progressively and may metastasize. In both cases it will eventually kill
the host. In neither case can the animal bearing a progressively growing tumour
be shown to have immunity to a further transplant of the same tumour, and
reports of serum antibody or delayed sensitivity to such tumours are exceptional,

As stressed previously lack of antigenicity was thought to explain the pro-
gressive growth of Ehrlich’s ascites carcinoma — but this has been shown to
be incorrect. The lack of response to spontaneous tumours has also been put
down to lack of antigenicity — but now tumour specific antigens have been
demonstrated in some tumours and recent advances in the technique of gel
diffusion and the discovery of immunological tolerance make it likely that
more will soon be uncovered.

It is tentatively suggested that the similarities between the Ehrlich ascites
carcinoma and spontaneous tumours should be considered in assessing the
position of the latter in the field of tumour immunity. Both were thought to
be exceptions to the general rules. Ehrlich’s ascites carcinoma was considered to
be a homograft that, against the rules, does not regress. A spontaneous tumour
is thought to carry a mutant, or changed, gene, that in theory should turn it
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into a ““homograft” — i.e. a tissue of the same species that differs genetically
from the host — but, once again against the rules, such a tumour does not
regress. In the introduction to the present work it was suggested that the lack
of clinical and serological evidence of immune response to spontaneous tumours
might not be due to failure of the tumour to elicit the response but to failure
of the reaction to go to completion — i.e. to result in tumour cell damage.

This hypothesis is strengthened by the author’s findings concerning the Ehr-
lich ascites carcinoma in the present work. If the response to such a tumour can
be abortive it is possible, on the basis of the similarities outlined above, that
such an explanation might also hold for spontaneous tumours; these may also
grow in spite of the host response and not due to lack of host response. If it is
the protein in the medium surrounding the tumour cells that protects them from
the results of immunological damage it is even more likely that this protective
mechanism would work with solid tumours as it has been shown that the inter-
stitial fluid from solid tumours is of higher protein content than the fluid from
some ascitic tumours (6), in particular the Ehrlich ascites carcinoma, while that
of blood plasma is higher still.

Lack of complement could also explain the failure of the lytic reaction. But
if this is the case it must be postulated that complement is lacking from the
start of tumour growth. While the host might well become depleted of comple-
ment in time, as antibody was adsorbed to the tumour cells, there is no reason
to believe that complement is not present originally. If complement is present
at the start of tumour growth it is unlikely to be the limiting factor in the
immunological reaction against the tumour as the tumour cells would, theoreti-
cally, not survive in its presence. Thus, although complement may well be
lacking in advanced tumour growth, it seems more reasonable to attribute the
initial failure of the reaction to the inhibitory action of the extracellular
proteins.

It is suggested that it may be a balance between the amount of tumour
present, the amount of specific antibody, the protein content of the medium
and the availability of complement that determines the fate of tumour cells.
These ideas are necessarily fragmentary and of a highly tentative and specula-
tive nature. The ramifications of such a hypothesis are extensive and much
work will be needed before its usefulness can be evaluated, particularly in thera-
peutics, but it offers the possibility of widening our views on tumour immunity
and maybe, ultimately, understanding it better.
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GENERAL CONCLUSIONS

The blood content of the Ehrlich ascites carcinoma varies with the survival
time of the mice which shows a bimodal distribution. Animals with a high
tumour blood content die earlier than those in which the tumour blood
content is low. Within the limits of the experiment the sex and weight of
the mice do not effect their survival time.

As the blood content of the tumour can be reduced markedly by methods
known to reduce the immunological response, the blood content is probably
a reflection of the host response to the tumour homograft.

The subcutaneous injection of Freund's adjuvant combined with living
tumour both increases the natural resistance of the mice to the tumour
and may also induce immunity to it. Adjuvant alone results in non-specific
immunity which appears to differ in its mode of production from natural
and from acquired immunity.

Female mice appear to have greater natural resistance to the tumour than
males. The non-specific immunity resulting from the injection of adjuvant
alone becomes evident earlier in the females. Haemolysis seen in the
tumour following the injection of adjuvant and whole tumour ascites may
be a result of a reaction against the erythrocytes in the whole tumour.
Tumour cell injury — of an “immunological’” type — is seen in early trans-
plants of this tumour and is directly related to the tumour blood content.
The ascitic fluid surrounding the tumour cells, if added to the whole tumour
in slight excess, results in tumour cell lysis. The addition of still further
excess leads to pyknosis of the cells.

These pyknotic tumour cells — though they show evidence of an immuno-
logical reaction — are viable.

Changes similar to those seen in vitro on the addition of ascitic fluid to
the whole tumour occur in vivo; lytic cells being present in early, and
pyknotic cells in late transplants. Females show evidence of immune
response earlier than males.

The protein content of the ascitic fluid surrounding the tumour cells in
vivo is low (about 1g°/,) in early transplants and high (about 2.5g%,) in
late transplants.

The Ehrlich ascites carcinoma can no longer be considered non-antigenic
in mice as host response is not lacking. This response is at first successful
in the rejection of the tumour cells — but before all the tumour cells have
been destroyed the protein content of the ascitic fluid rises and inhibits
the final stage of the immunological reaction — cell lysis.

Thus the tumour is able to grow in spite of the host response. This mecha-
nism of protection may be of wider application. An autogenous tumour, # -
it possesses antigens not present in the host, could be likened to a homo-
graft. In that case lack of rejection of tumour growth may not be an indi-
cation of lack of recognition, but an expression of immunological tolerance
of the type described in the present work.
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