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[ Fifth Seientific Report of the Imperial Cancer Research Fund, 1912.]

THE MANIFESTATION OF ACTIVE RESISTANCE TO
THE GROWTH OF IMPLANTED CANCER.

By B. R. G. RUSRELL, M.D.

I~ the present communication there will be considered certain of the
problems which have presented themselves during the investigation of
resistance and susceptibility to the inoculation of transplantable tumours.
The subject of the immune reactions in animals with spontaneous
growths will not be entered into, for this has recently been amply
discussed in these Reports by Haaland (28, pp. 79-85). The sequence
in which the various points will be raised has been made as far as
possible a logical one, and though it has not been possible to carry
this out in every case, still it is thought that the arrangement under
the following headings will avoid much redundancy of deseription, and
also preserve the continuity of the argument which runs through the
whole series of experiments.
The headings adopted are :—

The Reaction of Animals to Tumours of various Types of Growth.

Simultaneous Incculation of two Tumours of Different Types
of Growth,

Can  Apimals Bearing Progressively Growing Tumours be
Protected against Re-inoculation ?

Attempts to Arrest the Development of Progressively Growing
Tamours.

The Reaction of Animals to Tumours of various Types of Growth.

Wide variations in the rate of growth, and in the percentage of
success following the inoculation of different tumour-strains have been
observed wherever several tumours have been cultivated over an
extended period of time, Further, there are also features characteristic
of the growth of different tumours, and it is this point which will be
more closely followed in the succeeding pages. Citation of all the
published articles bearing upon this subject has already appeared in these

I
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Reports, and on this occasion reference need be made only to two figures
published in the Fourth Scientific Report (4). On page 208, fig. 69, a
chart of tumour-strain 63 is given where in every animal inoculated a
progressively growing tumour has developed. On page 193, fig. 61 «,
a chart of tumour 208 appears, but in this case all the growths which
developed finally disappeared spontaneously. Both of these figures are
reproduced here (figs.1 and 2) for the convenience of the reader. These
two carcinomatous strains exemplify the poszible extremes of type of
growth, and the intermediate gradations between them have been
actually filled up in practice in this laboratory by the cultivation of a
large number of different tumour-strains, There must be one or more
factors in constant operation to give the two extreme results cited
above, and the understanding of these phenomena has to a considerable
extent been advanced by Bashford, Murray, and Haaland (10, 11),
since they have shown that the resistance to re-inoculation which a
tumour-bearing animal frequently exhibits, is of the nature of an active
immunity. This development of an active immunity or rather resistance
during the growth of a transplanted tumour (concomitant immunity) is
a most important factor in determining the character of growth which
a tumour will show, and the following experiments demonstrate this in
as clear a manner as can be expected from a biological experiment.

The procedure adopted in the experiments now to be described has
lieen to inoculate in one flank a series of animals with a given tumour-
strain, and then to exlirpate surgically all the growths after 10-30 days,
i, ¢, after intervals long enough to allow the tumours to attain a
considerable size, 1-4 grammes. It may here be mentioned that
young animals of the same breed, about 6-8 weeks old and weighing
14-18 grammes, have been used throughout. One, two, or three days
alter extirpation, the animals have been re-inoculated on the other flank
with a tumour of the same or of another strain. In this way two
readings are obtained ; the result of inoculating a given series of
normal animals, and the result of inoculating the same animals after a
tumour had been growing in them over a known period. The precise
way in which the experiments have been carried out will be rendered
clearer by the accompanying charts which portray the tumours first
inoculated as Dblack silhouettes, whilst the tumours inoculated after
operation, as also the controls to the second inoculation, are given
in red. In addition, such data as the date of inoculation, of re-
inoculation, of recording the resull, the amount of tumour-tissue
injected, etc., have also been printed on the charts,

— i et i W
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EXP. 63/52 E. MICE 1-8 INOCULATED IN RIGHT AXILLA, DOSE
002 C.C. (81.811). THE RESULTING TUMOURS EXCISED (19.9.11),
AND THE MICE RE-INOCULATED IN LEFT AXILLA WITH
003 C.C. OF 6353 C (21.9.11), MICE 9-18: CONTROL TO RE-
INOCULATION.
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Fig. 3.—The black silhouettes represent the tumours developing from the primary
inoculation, and, when present, recurrences after operation. The red
silhonettes represent the tumours developing from re-inoculation after
operation upon mice 1-8, and also the control growths in normal
mice 9-18. The experiment shows that complete or incomplete surgical
removal of tumours of strain 63 does not alter the original suitability
of mice for growth of this tumour-strain.



5 Reaction of mice to tumonrs.

A deseription of the behaviour of a tumour-strain exhibiting one
extreme type of growth, viz.,, a strain giving progressively growing
tumours in practically every animal inoculated, will serve as a suitable
introduction. Carcinoma 63 is such a strain, and in fig. 3 is given
a chart of an experiment where eight mice were inoculated in the right
axilla with this tumour, and where all the mice developed growths.
The sizes of these tumours at the 11th and 18th days are reproduced to
seale in the two left-hand columns in black. On the 19th day all the
eight tumonrs were excised, and two days later the mice were re-inocu-
lated in the left axilla with another growth of the same strain. In
two mice only (Nos. 1 and 2), was there any recurrence from incom-
plete extirpation, and these recurrent tumours are portrayed as black
silhouettes in the chart under the column headed R (R=right axilla).
The small nodules present in mice Nos, 3, 5, 6 and 8 were certainly
not recurrent growths, but were in all probability inflammatory nodules
due to the presence of ligatures. The tumours developing from
inoculation into the left axilla are charted in red under the column
headed L (L=left axilla); in addition ten normal mice, Nos. 9-18,
were inoculated with the same material, their growths appearing also
in red. This experiment shows eclearly that this particular strain
(tumour 63) in no way alters the suitability of mice for subsequent
inoculation, in other words, its power of inducing resistance is nil.

In this experiment, the circumstance that the excizsion was followed
by recurrence in two of the eight cases, in no way invalidates the
reading given, because the result obtained was the same in all cases,
but when strainz which induce resistance in a certain percentage of
cases are to be tested, then it it is absolutely essential that the excision
be complete in every case. When the reaction set up by a tumour is
not the same in every animal of a series, incomplete excision will lead
to recurrence in eertain cases but not in others, and the observer will
be hampered in the reading of the experiment by the play of an
involuntary selection. The experiment with strain 63 was one of the
first of the present series, and is the only one where the exeision was
shown to be incomplete in any member of a series. This result has
heen obtained by taking precautions during inoculation of the tumour
to ensure that the emulsion was deposited within the layers of
the subcutaneous fascia. If too sharp a needle be employed for
inoeulation, the abdominal and thoracic walls are apt to be infiltrated
early, rendering subsequent excision arduous and uncertain.
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Another strain, earcinoma T,* behaves in a manner similar to the
preceding. It is a more slowly growing tumour, gives a high per-
centage of success on transplantation, and only in exceptional series
shows much evidence of spontaneous absorption. Fig. 4 depicts a chart
where a series of eleven mice bearing this tumour have had their

EXP. T/40 C, MICE 1-11 INOCULATED IN RIGHT AXILLA WITH
002 C.C. (201011). TUMOURS EXCISED (22.11.11), AND THE
ANIMALS RE-INOCULATED IN LEFT AXILLA WITH 002 C.C. OF
63/55 E (24.11.11).
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Fia, 4—The growth of tumour-strain T followed by surgical removal does mot
render mice unsuitable for subsequent inoenlation. Tumours of primary
inoculation in black, of secondary inoculation in red.

growths excised on the 33rd day, and have been re-inoculuted with
strain 63 two days later. The eleven animals all remained free from
recurrence, and in every case strain 63 gave rise to a rapidly and pro-
gressively growing tumour. (‘arcinoma T, therefore, belongz with
earcinoma 63 to the group which in no way alters the suitability of

# The material from the primary tumour of this strain was obtained from
Dr. F. W. Twort.



i Reaction of mice to tumounrs.

mice for subsequent grafting., These two strains have been extensively
used for re-inoculation in the following experiments conducted with
other strains which alter the suitability for re-inoculation, beeause
they grow regularly in a high percentage, 80-100 per cent., and also
because they are what may be called delicate indicators of inocula-
bility. It has just been shown that they themselves do not induce
resistance, and, therefore, when they fail to develop in a series of
animals this may justly be attributed to pre-existing caunses.

A tomour of an intermediate type of growth will be described next,
i. e. one exhibiting a certain amount of spontaneous absorption, The
sarcoma developed from the stroma of carcinoma 100 (34) (sar-
coma 100) grows very irregunlarly, but always chows a high percentage
of spontaneous absorptions. Sometimes it grows at a speed surpassing
all other strains, at others comparatively slowly, When this strain is
growing well, the phenomenon of spontaneous absorption may be
greatly masked, as large tumours are developed within a short period,
and the animals live only for a short time after inoculation. Tumours
weighing 4 grammes have been observed as early as the twelfth day
after inoculation of such a small dose as 0:015 grms.  Fig, 5 gives the
chart of an experiment carried ont with sarcoma 100 when growing
rapidly. In this case operative measures had to be taken as early as
the 10th day, as the tumour infiltrates muscles and skin very rapidly.
The chart has been constructed in the same way as the preceding ones,
and requires no special elncidation. Tt will be seen from the figure
that ten days growth of sarcoma 100 lowers the percentage of “ takes,’
on re-inoculating with strain 63, from 92 per cent. to 40 per cent,
In other words, of ten mice suitable for the growth of strain 68, six
have been rendered unsuitable by sarcoma 100. The surgical inter-
ference cannot be inculpated, as it in no way interfered with the
re-inoculability of mice from which tumours of strain 63 and strain
T, the two previously deseribed, had been excised,

A carcinomatons mouse tumour, strain 199, exhibits certain
peculiarities in ils manner of growth, which were described in g
communieation published two yearsago (12). It was then noted that in
a series of mice inoculated with this strain, about one-third would show
progressively growing tumours, another third would show spontaneons
absorption after temporary growth of variable duration, whilst the
remaining third would after temporary cessation resume the progressive
type of growth. It was also shown that there was an active resistance
induced not only in the cases where the tumours had undergone



EXP.100/58 B. MICE 1-10 INOCULATED IN RIGHT AXILLA WITH
002 C.C. (61111). TUMOURS EXCISED (16.11.11), AND MICE RE-
INOCULATED ONE DAY LATER WITH 003 C.C. OF 63/55D IN
LEFT AXILLA. MICE 11-22; CONTROL TO RE-INOCULATION.,
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Fio, 5. —Sarcoma 100 renders the majority of mize unsuitable for growth on
re-inoculation, only 4 out of 10 mice developing tumours as against
11 out of 12 in the control.
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spontaneons absorption, hut also where they had temporarily ceased to
enlarge their dimensions. The chart of a comparatively recent series
of this strain is shown in fig 6, from which it will be seen that the
tumonr still continues to manifest the type of growth observed in the
earlier generations. An analysis of the reaction set up by it in a series
of mice was attempted by excising the growths on a given day, and then
testing the suitability of the animals for re-inceculation. Fig. 7
exemplifies an experiment where a series of tumours of strain 199 had
been removed on the 16th day, whereupon the animals were re-inoculated
with strain T. Four tumonrs developed in nine mice thus treated as
against nine in ten mice in the control. Carcinoma 199 thus induces
active resistance in rather more than half the animals within a period
of sixteen days. It will be noted that the fonr animals which wers
found to be re-inoculable did not in every case present the most
rapidly growing tumours of 199 ; mice Nos. 5 and 6 each showed a
rapidly growing tumour of 199, and yet they were found to be un-
snitable for re-inoculation. On referring back to fig. 6, where the 199
tomours were allowed to Et}n]ph}l:' their :]m*(:ln]n'l]l-u[‘, it will be seen
that one cannot in every ease predict from the first two chartings alone
what the subsequent character of growth will be. In some cases
disappearance or diminution in size takes place early, in others it is
deferred even for weeks. There is therefore a wide variation in the
period at which the consequences of active resistance will become
manifest in any member of a series of mice.

This individual variation of the animals is brought out in another
experiment with strain 199, shown in fig. 8, which differs only from
the preceding in that carcinoma 63 has been used for re-inoculation.
Here the 199 tumours have been arranged in order of size, but it will
be seen that the growths developing from the re-inoculation do not fall
upon the first four animals, but are seattered over the series of ten mice.
In this experiment strain 199 has again induced a considerable degree
of resistance, only 40 per cent. of the animals having developed tumours
on re-inoculation as against 82 per cent. in the controls.

The discussion of those tumour-strains which present the other
extreme type of growth, has been reserved to the last. This group
comprises all strains which give rise to tumours growing only tran-
sitorily for varying periods, and in almost every case terminating in
complete disappearance,  The number of transplantable tumours
exhibiting this peculiarity is large, but the date at which spontaneous
absorption sets in varies widely from series to series, and from animal



11 Reaction of mice to tumours.

EXDP. 199/32 C. MICE 1-9 INOCULATED IN RIGHT AXILLA, DOSE
0015 C.C. (30.9.11). THE RESULTING TUMOURS EAXCISED (16.10.11),
AND THE MICE RE-ISOCULATED IN LEFT AXILLA WITH 002 C.C.
OF TMOC (20.10.11). MICE 10-19: CONTROL TO RE-INOCULATION.
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Fig, T.—Growth of strain 199 induces a consideralile percentage of resistance to
re-inoculation of strain T, Primary inoculation given in black, secondary
inceulation and control given in red. g



EXP, 199/33A. MICE 1-10 INOCULATED IN RIGHT AXILLA, DOSE
002 0.C. (16.10.11). THE RESULTING TUMOURS EXCISED
(3.11,10), AXD THE MICE RE-INOCULATED IN LEFT AXILLA
WITH 002 C.C. OF 63/34 F (6.11,11), MICE 11-21: CONTROL TO
RE-INOCULATION,
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cases by the growth of tumour-strain 199. Trimary inoculation given
in black, secondary inoculation and control given in red.



13 Reaction of rats to fumounr.

to animal, so that the majority of these strains are ill-suited for the
investigntion of resistance. Tumour-strain 206 is, however, an
exception, as it grows in a very high percentage of inoculated animals,
and the date of onset of spontaneous absorption is remarkably regular.
Neveral experiments have been made with this earcinomatous strain,
but the results obtained have been so decisive, that only one need be
illustrated. The result of this experiment is given in fig. I where it
will he seen that eleven days growth of this strain in eleven mice
has been sufficient to render every one of these animals unsuitable for
the growth of carcinoma 63. This concludes the deseription of the
findings with mouse tumours, and indicates how extremely variable
in action their parenchymata may be, leading from the case where no
resistance is induced, through all gradations to the case where resistance
is induced in every animal,

The behaviour of a transplantable rat sarcoma, obtained from Jensen,
has also been investigated in a manner similar to that already detailed
for various mouse tumours. This strain, J.R.S., is a rapidly growing
spindle-cell sarcoma which gives a high percentage of success on
transplantation.

Spontaneous healing oceurs with great frequency in series of this
tumour, and large masses of growth, weighing 10-15 grms., often
disappear entirely. The re-inoculability of rats bearing this tumour
has been already described and figured in the Third Scientific Report
(10, p. 390), where it was concluded that the results obtained on re-
inoculation eould be explained only by assuming the development of
resistance during the growth of the tumour first inoculated. The
presence of large rapidly growing neoplasms during the period in which
the re-incculation tumours are developing, presents both an actual and
a theoretical complication which it seemed desirable to eliminate.
Accordingly the tumours from the first inoculation have been allowed
to develop for a certain period, then all have been exeised, and a re-
inoculation has been made to ascertain what alteration had taken place
in the suitability of the soil. Such an experiment is given in fig. 10
which represents the much reduced chart of a series of fourteen rats
inoculated with this sarcoma, and shows the size to scale of the growths
at the 11th, 15th, and 25th days. The dose of tumour-tissue injected
was (F02 c. c., except in the case of rats Nos. 1, 2, 8, 9, and 11 which
received a dose of 0005 c.e. The rats were divided into two batches on the
27th day ; rats Nos. 1-7 had their tumours excised completely, whilst in
rats Nos. 8-14 a small piece of tumour was left behind without interrupting
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EXP. 206/100 B. MICE 1-11 INOCULATED IN RIGHT AXILLA, DOSE
003C.C. (11.12.11). TUMOURS EXCISED (22.12.11), AND THE
MICE RE-INOCULATED IN LEFT AXILLA WITH 002 C.C. OF
63/56 1 (23.12,.11). MICE 12-23: CONTROL TO RE-INOCULATIOXN,
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Reaction of rats to tumour.

BATS 1-14 INOCULATED IN RIGHT AXILLA (31.10.11).

TUMOURS EXCISED COMPLETELY (27.11.11), EXCEPT IN RATS
g-14 WHERE A FRAGMENT OF TUMOUR WAS LEFT. RE-
INOCULATED IN LEFTI AXILLA WITH 005 C.C, OF JR.5./60B
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Fig. 10.—Bat sarcoma J.R.8. induces a very Iligh clc-gmc of concomitant imnumit_l.',
which renders rals unsuited for re-inoculation,
excision does not restore their original susceptibility., Primary inoculation
and recurrences given in black, re-inoculation and control in red.
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its vaseular supply. Twenty-four hours later the animals were re-inocu-
lated in the left axilla with 0°03 c. c. of sarcomatons tissue, together with
a number of normal rats to serve as controls.  The result of re-inoculating
the seven whose tumours had been completely extirpated, was that in
only one animal did this procedure give rise to a tumour approxi-
mating those of the control series in the speed of its growth. In two
cases the re-inoculation was entirely negative, whilst in the remaining
four only small nodules developed. 1In six of the seven animals there
was thus a considerable degree of resistance developed from the tumour
first inoculated. In the seven rats where the excision was intentionally
incomplete, almosi exactly the same result was obtained. The resistance
induced by the partially exeised tumour was effectual in redueing
not only the amount of growth from the re-inoculation, but also was
in five out of seven cases fatal to the fragment of tumour left behind
at the operation. Concomitantly induced immunity explains clearly
these findings with the J.R.8. rat tumour.

These results are contradictory to those obtained by Uhlenhuth,
Haendel and Steffenhangen (3%, 39), who experimented with the
same strain of sarcoma growing in German rats in Berlin, They state
that if the whole tumour be excised re-inoculation fails, but if a
part be left behind it continues to grow, and re-inoculation is now
successful. The chart given in fig. 10 demonstrates clearly that incom-
plete excision is not the factor determining whether the re-inoculation
is to be successful or not. This is determined solely by the reaction
taking place between the animal and the tumour first implanted. In
rat No. 1 of this chart, it is immaterial whether the operation he
complete or incomplete ; the re-inoculation will give rise to a tumour
heeause no immunity has been induced, whilst rat No. 11 cannot be
re-inoculated under cither condition because a reaction of immunity
has been set up by the primarily inoculated tumour. Since these
findings do not agree with Uhlenhuth, Haendel and Steffenhangen’s
it is unnecessary to enter fully into the subsidiary hypotheses which
they have created to explain their results. They assume that the
tumour parenchyma becomes insusceptible to the forces of immunity,
but the systematic attempts made in this laboratory to produce this
altcration have failed. By cultivating out a tumour which has grown
as an exception in a series of mice immunized previously with embryo-
<kin emulsion, a strain is not obtained in any way characterised by
rosistance to the forces of immunity as called into play by previous
injection of embryo-skin emulsion,

e s
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All of the above experiments have been chosen with the special
view of demonstrating how very differently the parenchymata of
various tumours of distinetive types behave in regard to the production
of immunity, and the detailed description of this class of experiments
given above will now be followed by a general discussion upon the
interpretation which is to be put upon the results obtained.

On the one hand two tumour-strains have been shown, 63 and T,
which in the course of their development do not alter the suitability
of mice for re-inoculation ; on the other hand a tumour strain has been
shown which so alters the animals, that all are refractory to subsequent
inoculation. It is apparent that such wide differences can only be
attributed to inherent properties of the tumour parenchymata, and
the contrast in their behaviour may be defined by stating that the
parenchyma of strain 206 induces a resistance which the parenchymata
of 63 and T fail to do. The terminology of modern immunity studies
would label the former an efficient antigen, whereas the latter would
be inefficient. In these extreme cases the differences are so wide, and
the reactions so marked, that the medium, 1. . the inoculated mouse can
he regarded as indifferent. When tumours are considered, however,
which only induece a resistance in a certain percentage of cases, slight
differences in the medium turn the seale for or against the inoculated
graft in individual cases.

To take the specific instance of strain199 : why does this strain induce
resistance in 60 per cent., und fail to do =oin the remaining 40 per cent ?
The parenchyma which bas been distributed over 10 mice for example,
although of exactly the same quality and quantity throughout, fails to
induce resistance in four mice. Again in the extreme cases of strains
63 and T, resistance is induced ::-t_'L:J.'-timHiI}' in; a certain number of
animals, whilst strain 206 sometimes gives rise to progressively
growing tumours in animals exhibiting no reaction of resistance,
These variations in the development of resistance in the individuals
composing a series must be regarded as the expression of slight
differences in the constitution of the animals composing such a series,
and whilst in general the reaction is determined by the tumour
parenchyma, a slight individual peculiarity is sufficient at times to
determine or prevent the development of resistance. Tumour-strains
such as 63 and 206 usually mask all individual variations in the animals,
but strain 199 and many others bring them out with distinctness.

Murray’s studies (31) upon the heredity of cancer have shown that
it is possible to breed out families of mice whose members will show an
a
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extremely high incidence of spontaneous cancer, although they are not
more suitable for the implantation of a transplantable tumour than mice
not specially bred (28). Tyzzer (37) has earried out investigations in
mice upon the inheritance of susceptibility to tumour-grafting, and has
obtained most interesting results more especially as regards a carcinoma
which developed in a Japanese waltzing mouse. He found that this
tumour failed to grow in common tame mice, although it took in 100 per
cent. in waltzing mice. Dy erossing waltzing mice and tame mice a
susceptible set of mice were obtained, but inter-breeding of members

of this first generation of hybrids preduced animals totally unsuitable |

for growth of the waltzing mouse tumour.

Cucnot and Mercier (18) have made the attempt to breed out from
one and the same strain of mice, families suitable and unsuitable for the
implantation of cancer. They claim to have isolated two families, in
one of which a tumour-strain will take in 86 per cent., whereas in the
other it will only take in 20 per cent. Should these findings be con-
firmed, and it seems desirable that they should be repeated and tested
with a variety of tumours, they would help greatly to explain the
character of growth exhibited by such sirains as 199. It might be
possible to isolate families of mice in which this strain produced no
resistance, and the inoculation would lead to the development of
progressively growing tumours in all eases, A complete alteration in
the characier of growth of a series of tumounrs such as might follow
implantation into selected animals iz no mere hypothesis, for the effect
has been actually preduced with strain 199. In one experiment the
twelve best growing tumours from a series of sixty mice inoculated with
0:02 c.c. of strain 199, were extirpated on the 15th day, and the animals
re-inoculated six days later, and also twelve normal mice, with another
tamour of the same strain,  Growth took place for 10-15 days in all the
control animals, but exeept in three cases was succeeded by spontaneous
absorption. The re-inoculation of the twelve operated animals gave a
totally different picture ; four of them were negative from the start,
the other eight showed progressively growing tumours. In four of the
twelve selected mice active resistance had been induced, whereas the
other eight were animals which failed to give any immune reaction with
strain 199, and the character of growth of the strain was radically
altered in consequence. This experiment was simply the selection of eight
individuals incapable of giving an immune reaction with carcinoma 199,
from a batch of animals produced by random breeding,

SRS g S
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Variations in the power of tumour parenchymata to induce re-
sistance may be made in part responsible for the adaptations which
tumours undergo more especially during their earliest transference to
new hosts. When a spontaneous growth is transplanted, there is usually
a rapid rise in the perceniage of success aitached to the first three or
Four passages. This rise can searcely be due to the mere accustoming
of the tumour to the act of transplantation, for Haaland has shown that
if the inoculation be made into the primarily affected animal which has
given rise to the tumour, the result is almoest invariably sucecessful.
Might it not be possible that the rapid rise in transplantability is due to
a greater or smaller loss of the power of the tumour parenchyma to
induce resistance ¥ This possibility requires consideration because
carcful microscopic examination of grafts during the first ten day= shows
normal growth in nearly every ease, even although the tumour-strain
only gives in control series an eventual percentage of success of
about forty.

The degree of adaptation eventually exhibited varies in different
straing, and even in sub-strains of the same tumour.  Bashford
(4, pp. 208-9) has described and pictured the latter phenomenon for
carcinoma 63, and has shown how one sub-strain has retained to o
great extent the power of inducing resistance, whereas the other, that
which has been used in the present series of experiments, has almost
entirely lost this property. The phrase, natural resistance of animals
to tumour inoculation, has been much employed, but it may perhaps
be more correct to talk of animals which readily develop an active
resistance.

The next question to be discussed is, how do the results obtained by
re-inoculation after the first tumour is removed compare with those
obtained when this growth is not interfered with? Tt may be stated at
once that the results obtained under the two conditions are exactly
identical, and the removing or leaving behind of the tumour iirz-:.t
inoculated neither favours nor hinders specifically the development of
the second one. That a mouse bearing an implanted growth can be
successfully re-inoculated was recorded from this laboratory as early
as 1904 (5, pp. 11-15), and more extended researches led to the
formulation of the dictum that the better the first tumour grows, the
more favourable are the chances of the second inoculation being
successful (10, p. 390), The whole question of the re-inoculation of
animals bearing tumours and the literature on the subject will he
found reviewed in publications from this laboratory in 1908 (9, 10, 23),

cd
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1309 (11), and 1910 (12), which also contain an ample criticism of the
athreptic hypothesis of Ehrlich in its bearing on this particular point.
In the paper by Bashford, Murray, Haaland, and Bowen, the conclusion
was drawn that negative results on re-inoculation of an animal already
bearing a tumour were due to the development of concomitant immunity.
However, mention may be made of an interesting result obtained by
Gay (22), who, working with the Flexner-Jobling rat tumour, found
that rats bearing this growth could be readily re-inoculated after the
30th day, but not earlier. This he correlated with the late development
of metastases, and designated the two periods as * pre-metastatic”
and * post-metastatic.,” The pre-metastatic phase he considers as the
period during which the animal possesses reaction products to cancer
tissue. Jobling (29) himself, however, could not confirm these
findings.

To continue the discussion of the tumours used in the present series
of experiments, it has been found that the re-inoculation of mice which
have been previously inoculated with strain 206, is attended with great
difficulty, Haaland (26) has shown that even when the re-inoculation
be performed as early as the eighth day, the mice are found to be
highly resistant. The re-inoculation of mice bearing tumours of strain
199 (12) succeeds only in about 33 per cent. of the animals, and this
again corresponds with the findings where the tumours first inoculated
have been removed, as shown in figs. 7 and 8.  Mice bearing tumours
of strain T can be readily re-inoculated, as shown in the first half of
fig. 14, and as regards the re-inoculability of mice with tumour 63,
the experiment given in fig. 11 shows with what facility this can be
accomplished. In this particular experiment the primary inoculation
was performed with a large dose of tumour emulsion, and re-inoculation
with a smaller dose was carried out 11 days later, when large rapidly
growing tumours were already present.  Only in one mouse, No. 10, was
the re-inoculation absolutely negative, and in this animal the tumour
first inoculated grew very slowly after the tenth day. Four weeks after
the beginning of the experiment all the mice were killed, and the
tumours excised and weighed. The nine growths from the first
inoculation weighed 512 grms. ; the eight from the re-inoculation
weighed 6°1 grms. ; and in the twelve animals constituling the control
to the re-inoculation twelve tumours developed weighing 885 grms,
The average weight of the two latter series of tumours is 076 grms,
and 0:74 grms. respectively, so that the large rapidly growing tumours
have in no way hindered the development of the re-inoculated tumours,
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This result again confirms what was obtained after excision of tumours
of this strain, as depicted in fig. 3.

Schiine (36), who performed re-inoculation after excision of the first
tumour, found that the mice could now be readily re-inoculated. If
one does not err in the reading of his paper—for the statement is not
direetly made—this result was obtained with a Frankfort tumour strain
which exhibits the athreptic phenomenon of Ehrlich. In the absence of

EXP. 63/64D. MICE 1-10 INOCULATED IN RIGHT AXILLA, DOSE
01 C.C. (24.10.11). RE-INOCULATED IN LEFT AXILLA WITH
005 C.C. OF 6354 E (4.11.11). MICE 11-22; CONTROL TO RE-
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Fig, 11.—Auvimals bearing large progressively growing tumours are here shown 1o
be highly suitable for the development of tumours on re-inoculation,
Primary inoculation in black, re-inoculation and control in yed,

confirmation from the same laboratory, judgment must be reserved on
Schiine’s experiments, and the statement cannot be accepted that by
removal of an inoenlated tumour a mouse previously refractory can be
rendered suitable for re-inoculation. f"l.llii]ll}_"‘éi_ g}-l.; many ?'L[]‘HEI]E of
tumours exhibiting all types of growth, which have been tested in this
laboratory, none behave in the manner indicated by Schime, nor does
the literature on cancer contain any charts of a tumour-strain behaving
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in this way. Apolant (3) has repeated Schine’s procedure, and has
encountered considerable resistance to re-inoculation after excision of the
first tumour. In the charts accompanying his paper, the large majority
of the animals, rats and mice, exhibit a high degree of resistance to
re-inoculation. The explanations which Apolant gives to explain these
negative results are not very convincing, He attributes part of the
result to the operation, which in the experiments described in the present
paper has had no direct influence upon the suitability of an animal for
re-inoculation. The removal of tumours of strain 63 leaves mice which
are snitable for re-inoculation, whereas with strain 208 the opposite
result is obtained, so that the operation cannot be a determining factor.
The same considerations refute his attribution of the result to the
possession of a natural immunity on the part of the animals. Apolant
appears to aseribe spontaneous absorption to the presence of a natural
immunity, although he concedes the development of active imu‘umi!}'
from the absorption of tumour-tissue in those cases where surgical
removal may not have been complete. Further, he believed that the
natural immunity can be explained by means of Ehrlich’s athreptic
hypothesis, although the manner of application does not seem to he very
logical. It may he recalled that Ehrlich (19), in his exposition of this
hypothesis, attributed his failure to obtain tumours on re-inoculation of
mice bearing rapidly growing tumours to the withdrawal of necessary
food-substances from the blood. Later (20) he restricted this form
of immunity in its application to the inhibition of re-inoculation, to the
cases where the first inoculated tumours were of maximal virulence,
and possessed the highest degree of avidity for food-substances, ineluding
special substances absolutely necessary for the tumour-growth. This
view seems to have undergone a conziderable alteration in the hands of
Apolant (1) in his attempt to explain the experiments of Cuénot and
Mercier cited above. According to Apolant, Cuénot and Mercier’s
experiments are best explained by supposing that the several families
of mice vary in the amount of necessary specific substances (products
of internal secretion) which they produce. Further, he carries this
view to its logical econclusion in stating that highly virulent tumour-
strains, which grow in every animal, are these which make the least
demands (die geringsten Anspriiche) on these food-substances, The
contradiction contained in these two applications of the athreptic
hypothesis is obvious 5 on the one hand, the fﬂ_ﬂllm to ﬁl}lijlll suceess
from re-inoculation is attributed to the exhanstiva ""F ereptive powers
of a highly virulent tumour, and on the other hand, its high percentage
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of success is attributed to its slight requirements of this indispensable
food-substance. Postulating the induction of active resistance leads to
no such eontradietions, and all the faets observed harmonize so well with
this explanation, that it is the view which can be safely upheld,

Finally, it is thought necessary to discnss briefly the manner of
action of the normal tissues, adult or embryonie, and of tumour-tissue,
which induce a resistance against subsequent inoculation of tumonrs,
Coneceptions of the nature of this action are highly speculative, for the
subject is one which has searcely lent itself to investigation by direet
observation. A econcrete example taken from fig, 6, mouse No, 9,
will serve well as an instance of the problem to be discussed, It will
be seen that the tumour in this animal grew for nineteen days and then
gradually diminished in size until all tumour-tissue tif‘ﬁﬂp]‘ll}ﬂl'ﬁil.
During the period of diminution, such an animal is found to be refractory
to re-inoculation. Is this refractoriness due primarily to the absorption
of tumonr-tissne which has been killed, or is the death and absorption
of the cells due to a resistance previously elicited by the living cells?
The bulk of the evidence is in favour of the latter view. Mechanieal
disintegration of the tumour-cells not necessarily accompanied by the
death of the protoplasm, robs them, as Haaland (27) has shown, of their
power of inducing resistance. Again, partial neerosis is a process
occurring in all tumours, but only some tumours induce resistance,
The date of onset of resistance is usuaily antecedent to the inception
of spontaneons absorption. Haaland (26) found with tumour-strain
206 that as early as the eighth day a very marked degree of resistance
was present, whereas the initiation of spontaneouns absorption toolk place
at a later date. The percentage incidence of spontancousz absorption in
a series of tumours is not the same as the incidence of concomitant
immunity as tested by re-inoculation, for in many eases an mmmmhr
wiil be duululml ﬂui'huunll_} strong to kill a graft but not an 1"-Li|1|1-lmzi
tumour, although even in this case the immunity will usually retard
the growth of the established tumour,

The extensive experiments done by Woglom (40) upon the effect of
inoculating an animal with its own tissues are also in favour of the view
that the living cell is the producing agent of resistance. He was unable
to obtain resistance by auto- Jllum].llmn of kidney, spleen, or testes,
whereas all these tissues can induce immunity in v.rtlmr mica. Such a
fine gradation of difference as that existing between '11_1!(‘.[1_}::rrpt]l.; and
homologous inoculations ean be more readily coneceived as elicited by
a living cell, rather than by autolytic or other disintegration products
of the dead protoplasm.
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The failure of many investigators to induce resistance with tnmour-
tissue which had been killed by various agencies, led Clowes (16) to
believe that actual growth must take place before immunity is produced,
and that the intervention of living cells or virus is essential. The
subsequent discovery that normal blood ecan induece resistance leads
necessarily to a modification of this view, as lere growth in the
anatomical sense with multiplication of cells does not take place. In
all the other tissues, neoplastic or normal, which have been found
efficacions in eliciting resistance, growth does take place, but the
exception in the case of blood is sufficient to invalidate the statement
that without growth no immunity arises. The necessity of the inter-
vention of living cells stills holds good, and the evidence adduced in
the preceding paragraphs favours the view that the metabolic activities
of these living cells, rather than the processes of death and autolysis,
are to be regarded as the means by which immunity is induced.

Simultaneons Inocnlation of Two Tumonrs of Different
Types of Growth.

A clear recognition of differences in the behaviour of transplanted
tumours, induction of resistance in a high percentage of cases on the
one hand, contrasted with practically total absence on the other, led
to a study of the influence which a strain of the former type might
have npon the growth of a tumour of the latter type, where both
tumours were inoculated at the same time. Simultaneous inoculation
of two tumours in opposite axille has already been carried out.
Bashford, Murray, and Cramer (7) inoculated two separate strains of
the same tumour in the right and left axilla respectively for five
snccessive passages, and found that each tamour-strain varied in its
growth quite independently. Bridré (14) also performed the double
inoculation of two separate straing, and found that each grew as if it
alone had been inoculated.

The strain of carcinoma 63, which shows no evidenee of concomitant
immunising powers, but grows progressively in nearly every case, was
chosen as the tumour to show any possible influence., The sarcoma
developed from the stroma of carcinoma 37 (25), which induces
concomitant immunity in a high percentage of cases, was chosen as the
tumour to produce the possible influence. Fig. 12 illustrates the result
which has been obtained by laying down an experiment on these lines,
Mice Nos. 1-12 constitute the control to the growth of tumour 63 when



25 Simultaneous inoculation.
MICE 1-12 INOCULATED IN R. AXILLA WITH
MICE 13-24 INOCULATED IN
MICE 25-40

EXP. 6349K & 3791 B,
001 C.C. OF 63M49K (6.6.11).
L. AXILLA WITH 001 C.C. OF 3791 B (6.6.11).

INOCULATED SIMULTANEOUSLY IN RIGHT ARND LEFT
AXILLA WITH 001 C.C, OF 6349K AND 3791B RESPEC-

_ TIVELY,
CARCINOMA 63 BLACK. SARCOMA 37 RED.
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Fra. 12.—8hows that in simultaneons inoculation of two tumours of different types
of growth, the progressively growing tumour is markedly affected.
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moculated singly in the right axilla, and mice Nos, 13-24 fulfil the same
office for sarcoma 37 when inoculated in the left axilla.  Mice Nos, 25-40
were inoculated with each tumour in the right and left axillwe
respectively, and it is at once apparent that the growth of the earcinoma
given in black has been greatly inhibited. Seven of the sixteen mice
were quite negative at the 25th day, four showed small nodules
only, and only five developed growths at all comparable to those in
the control amimals. In the control series, all of the eleven mice
surviving 25 days Lore tumours.

This experiment was repeated with the same two strains, and the
result is given in fig. 13, where it will be seen that the influence of the
sarcoma 37 upon the growth of earcinoma 63 is even more marked
than in the previous experiment. In the control, tamours developed
rapidly in every case, whereas in the double inoculations the carcino-
matous growths were very few in number and grew slowly. The
effect of a tumour inducing concomitant immunity upon another tumour
which, when established, grows progressively, is elicited clearly in
both these experiments, It is not intended to convey the impressicn
that the sarcoma has this power in virtue of its being a sarcoma, but
rather because it is a tumour which induces concomitant immunisation.
The same result has been obtained with carcinoma 206, which has, in
common with sarcoma 37, a high power of inducing concomitant
immunisation.

The effect of a simulianeous inoculation of mouse embryo-tissue
upon carcinoma 63 has also been studied, but an inhibition of the
growth of the tumours has mot been observed, It suggests itself
as a perfectly legitimate explanation, that the inefficacy of the simul-
tancous inoculation of embryonic tissue to inhibit the growth of
tumour 63 is due to the later development, it may perhaps be only one
or two days later, of the resistance. By using tumour-tissne to induce
immunity, the immunity can be brought to bear upon the inoculated
tumonr-tissue of carcinoma 63, before the latter has had time to become
fully established, This latter circumstance is of considerable importance,
:nul‘.lms been demonstrated by extension of these experiments to other
tumour-strains.  Another carcinoma, strain 91, has been used, but with
ilis tumour it has not yet been possible to demonstrate any inhibition
where simultaneous inoculation with sarcoma 37 has been performed,
A 11PEITE11I‘-1}-' this tumour cannot be overtaken in its ;.:m‘w th by the con-
comitant immunity arising from the sarcoma, but continues to develop

quite as well in animals where the sarcoma iz disappearing as it does in

the control series.
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EXP. 6340L & 3793 B. MICE 1-12 INOCULATED IN R. AXTLLA WITH
001 C.C. OF 6349 L (28.6.11). MICE 13-24 INOCULATED IN L.
AXILLA WITII 001 C.C. OI' 3793 B (28.6.11). MICE 25-48 INOCU-
LATED SIMULTANEOUSLY IN RIGHT AND LEFT AXILL/E
WITH 001 C.C. OF 6349 L, AND 37493 B RESPECTIVELY.

CARCINOMA 63 BLACIK, SARCOMA 37 RED.
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The behaviour of tumour 63, however, demonstrates very clearly
a case where the immunity can overtake the early phases of growth
and prevent further development. This explanation further accords
well with the histological findings in early stages of grafts inoculated in
immune animals,  Briefly stated, these led to the conclusion that the
resistance was directed mainly against the cancer cell’'s power of
inducing a stroma reaction (33).

It is, unfortunately, necessary at this point to make a digression,
as these results, based upon an extensive series of comparative experi-
ments, have been severely eriticized by Goldmann (24). Goldmann
did not repeat the experiments in question, but merely inoculated a
sarcoma into mice which were immune to carcinoma. He neither
states how his mice were immunized, nor when they were immunized,
nor does he give any control. He simply affirms that a sarcoma which
grew in a carcinoma-immune was well vaseularized, This growth
of sarcomata in mice which are immune to carcinoma has been well
known to workers in this laboratory for many years, and on page 371
of the Third Scientific Report (10) a chart is published which shows the
growth of sarcoma 37 in mice which were immune to carcinoma 32.
Here no injection or histological examination is necessary to show
the sarcoma growing in mice immune to a earcinoma ; tumours have
developed which equal, and even surpass, those in the control animals,
demonstrating that the mice were not resistant to sarcoma. Since
Goldmann neither investigated early stages of growth, nor proved
that his mice were immune to sarcoma, his findings are rather to be
appreciated as pointing to defects in the doctrine of pan-immunity than
as serious eriticisms of our results. He lays especial weight upon his
findings, as they have been obtained by using Chinese ink as a fluid
to inject the blood-vessels, and has not relied upon serial histological
soctions. The disadvantages of an injection method which involves the
pumping into a mouse, whose normal vascular content is about 1-14 c.c.®,
of a quantity of fluid varying from 8-10 c.c. are of a =eriousz character,
und the eriticism is justified that the pictures Goldmann obtaing do not
represent the real vascular condition. To test the value of the method,
injections of Chinese ink were made in a series of susceptible mice and

¢ The blood-volume of a mouse may be caleculated according to the following
formula given by Dreyer and Ray. Blood-volume =% of the body-weight divided
by k ; k having the value 6:70.  CF. Dreyer & Ray, Phil. Trans. of Roy. Soc., Series I3,
1910, eci. p. 133.
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in a series of resistant mice engrafted with a carcinoma, but in making
the injection regard was paid to the normal vascular content, and not
more than 1 c.e. was injected into the tail vein of the etherised animal,
Under these conditions it was not found that the injection was a better
method of amalysing the development of new capillaries than the
serial sectioning of excised grafts, and accordingly Goldmann’s main
contention falls to the ground. The misconceptions of our work
appearing on pages 63 and 66 of his paper, apparently shared by
Apolant (2), do not require to be gone into ; they have not appeared
in the papers written by Da Fano (21), Burgess (15), and Rous (32),
who have performed experiments on somewhat similar lines.

The material and methods of investigation employed by Goldmann
could not elucidate the mechanism of the resistance exhibited by
immunized animals, and his eriticisms cannot be accepted as valid.
It has been necessary to reaffirm the view that resistance is directed in
the first place against the stroma-eliciting powers of the tumour-eells,
since it affords a clear explanation of the behaviour shown by two
strains of different types of growth when inoculated simultaneously.
In the two experiments depicted in figs. 12 and 13, the early resistance
induced concomitantly by sarcoma 37 is able to prevent the establish-
ment of grafts of carcinoma 63, whereas this result is not obtained
when resistance develops somewhat later, e. g. after the inoculation of
embryo-skin, or when the tumour establishes itsell very rapidly, as is
the case with carcinoma 91. The inefficiency of the resistance in the
two latter cases can be best explained by assuming that there is no
immunity present until after the graft has received a stroma and a
vascular supply. The experiments to be deseribed in the two succeeding
chapters support this conception of the action of resistance in every
respect.

Can Animals bearing Progressively Growing Tumours be protected
against Re-inoculation ?

Procedures such as the inoculation of normal tissues as blood (6),
liver, spleen, ete. (13), or of embryonic tissues (33), have been found
to be very efficacious in inhibiting the development of inoculated
tumours, These results are only obtained when tissues of the same
species are used throughout the experiments (7, 10), and the best
results are seen when an interval of 10 days for blood and 14-18 days for
embryonic tissues (8), is allowed to elapse before the testing of the
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degree of resistance against a given tumour-strain is carried out. The
efficacy of this preliminary treatment stands out in marked contrast
with the disappointing nature of the results hitherto obtained when the
attempt is made to produce by the same means the involution of an
already established tumour which tends to grow progressively, Why
this marked difference should oceur under these two conditions could
be explained in several ways, all of them open to experimental
investigation. The establishment of a progressively growing tumour
might so alter the bio-chemical constitution of the animal that it could
no longer react to an agent which had hitherto been capable of eliciting
an immune reaction.  Again it might be postulated that the immune
reaction took place, but that the growing tumour was eapable of
annihilating its action by destroying any supposed “immune forces”
which had developed, A third possibility, and as will be scen later
this is the most probable, was that resistance was induced, but was
incapable of inhibiting the further growth of a tumour which had
already established organic connections with the host. The mosi
striking and evident difference between established tomours and mere
grafts is that the latter bave not yet acquired a stroma with a vascular
supply, and it has been alveady demonstrated that animals, which have
been rendered resistant by previous incculation of embryonie tissue, ete.,
owe their resistance in large part to powers which enable them to
paralyse the cells of a tomour-giaft so that they can no longer elicit
a stroma-reaction. Fortunately these more or less speculative explana-
tions can now be dispensed with, as it has been found possible to carry
out experiments capable of giving a direct answer to the question
whether an animal bearing a progressively growing ‘tumour can be
induced to give an immune-reaction.

On page 392 of the Third Scientific Report (10) are noted experiments
planned Lo give an answer to this question. Mice bearing tumours
were inoculated with either spontaneous growths or with embryonic
tissues, and after a suitable interval their resistance to re-inceulation
with an easily transplantable tumour was tested. The results obtained
were not such as could give a definite anwer to the question, but only
allowed the conclusien to be drawn that there existed the possibility of
intercalating resistance. _

Since these results were published, tumour material has been
accumulating, and strains of tumours more suitable for such an
experiment have been obtained. The technical difficulties attaching to
such an investigation are considerable, for it requires the inoculation of
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a large number of mice, some of them on two and three occasions, and
the preparation of two or even three control series. The inoculated
animals require to be kept under observation for a long period, which
necessitates the use of a tumour-strain growing rather slowly, and also
in a high percentage. Strains which exhibit the phienomenon of con-
comitant immunisation are quite unsuitable for testing this point,
(arcinoma T fulfils all the above conditions, and it is from observations
on this tumour that the following conclusions have been arrived at
although subsequently the experiments were repeated with another
adeno-carcinoma, steain 91, It is not very easy to follow the course of
such a complicated investigation, and the attempt will be made with
the help of the accompanying chart given in fig. 14 to render clear an
illustrative experiment, whilst for further experiments simply the
figures obtained will be cited.

On the 19th January, 1910, 40 mice, weighing {rom 14-16 grms. each,
were inoculated with 0015 e.c. of T/27 C in the right axilla. Twenty-
nine of the thirty-five surviving mice developed tumours—=83 per, cent.
Twenty-five of these tumounr-bearing mice were divided into two batches,
Nos. 1-135 and Nos. 14-25 on the accompanying chart. When the
fumours were twelve days old, batch Nos. 14-25 was inoculated on the
back with 0-03 c.e. of mouse carcinoma J, and at the same time 15 normal
mice were treated in the snme way,  Strain J, the original Jensen strain,
at that time gave riseto temporary proliferation only when an emulsion
was inoculated by means of a syringe ; the mice in which this temporary
growth had taken place became highly refractory, and advantage was
taken of this behaviour of the tumour to use it for immunising purposes,
Eleven days after this inoculation, and 23 days after the start of the
experiment, all these mice were re-inoculated in the left axilla with
0-015 e.c. of T[28 I, and, in addition, 12 normal mice to serve as
an indicator of the {ransplantability of series T/28 F. The degree of
truu:‘-{-phll‘iIuhilit}' of this series was found to be 75 per cent.,

With regard to the major part of the experiment, it will be seen on
referring to the chart that the re-inoculation, depicted in red, was
saccessful in 10 out of 13 mice with tumours, these mice having under-
gone no further treatment. In mice Nos, 14-25, where an immunising
dose had been infercalated, only 3 out of 12 developed tumours on
re-inoculation, also shown in red, Here there is on the one hand
77 per cent, of successful re-inoculations in untreated mice, and on the
other hand only 25 per cent. in treated mice. The conclusion seems
warranted that mice bearing tumours can be rendered refractory to
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subsequent inoculation, Whether such mice can be rendered resistant
to a graflt as easily as normal mice was ascertained by comparing the
result in mice Nos, 14=25 with the result in 15 mice which received an
inoculation of carcinoma J alone. In the former there were three

EXP. T/27 C. ALL MICE INOCULATED IN RIGHT AXILLA, DOSE
0015 C.C. (19.1.10). ALL MICE RE-INOCULATED IN LEFT
AXTLLA, DOSE 0015 CO. OF T/28 F (11.2.10). MICE 14-45
WERE INOCULATED WITH 005 OF J/154 E, WHICH GREW
OXLY TEMPORARILY, AND IS NOT SHOWN IN CHART.

¥16. 14.—Showe immunisation of animals bearing tumours aguinst re-inoculation.
Primary inoculation in black, re-inoculation in red,

tumontrs in 12 mice, in the latter series, not shown in the chart, 1in 15.
Judging from this experiment alone, it would therefore seem that the
presence of a growing tumour does to a certain extent lower the
degree of resistance following an immunising dose. This pﬂ!ut wu]l‘h::
returned to later, after the figures obtained from other series carried
out on similar lines have been given,
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The result of the above experiment may be briefly summarized in
percentages in the following way :—

Exp. T/27 C: success of primary inoculation = 83 per cent.

Be-inoculation Re-inoenlation te-incenlation Control
of of immunised of immunised to
Positives. positives, conirols, Ite-inoculation.
10 in 13 3in 12 1in 15 6in 8
L] e O 0/ (1]
7%, 25 %, 1% 13 %

Three further experiments were performed with the same strain ; the
intervals elapsing between the several inoculations were maintained, but
the tissue employed to induce the resistance was varied. The results
obtained will be given only in a tabulated form,

Exp. T/27 B : suceess of primary inoculation = 100 per eent,

The method employed to induce resistance was the inoculation of
(1 e.c. of mouse embryo emulsion 16 days after the first tumour
inoculation. The result obtained was:—

Re-inoculation Re-inoeulation Inoculation Control
of of immunised of immunised ta
Positives. positives, controls. Re-inoeulation.
8in 12 Tinlh 5in 18 10 in 11
66"/, 47 Dﬂlu 28 %/, YL

In this experiment the evidence in favour of an immune reaction
taking place in mice already bearing tumours was not so marked as
in the preceding experiment, and again the degree of immunity elicited
by the embryonic tissue in mice without tumours was higher than in
the mice with toamours.

Exp. T/28 G : success of primary inoculation = 77 per cent.
Embryo emulsion in a dose of 01 c.c. subeutaneously, 14 days after
the first tumour inoculation, was again used to induee resistance. and
gave the following result :— ;

Re-inoeulation Be-inoculation Inoculation Control
of of iInnmunised of immunized to
Positives. positives. controls, Re-inoculation,
5in 10 4 in 16 1in 16 12 in 18
30 uflll.'.l 25 uj'lrlil 6 “1"'41 66 IJl'lll:.l

This experiment confirmed exactly the result obtained from the
preceding one.

I
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Exp. T/26 C: success of primary inoculation = 100 per cent.
Resistance was here indneced by inocalating, 13 days later, 0:015 c.c.
of earcinoma 206 which invariably gives rise to tumours characterised
by temporary proliferation followed by spontaneous healing. The
figures obtained are the following :

Le-inoeulation Re-inoculation Ineeulation Tontrol
f'f. of immunized of immunised to
Positives. positives, controls. Re-inoculation.
Tin 12 2in 13 4 in 10 Ahbsent.
53 "}rﬂ l 5 n,'ru 'j “ ﬁlfru

This was the earliest of the present series of experiments to be
undertaken, and a control to the ineculability of the tumour used for
re-inoculation was not made. The series differs from the three pre-
ceding in giving a higher degree of resistance in the mice bearing
tumours than in the mice which had been simply inoculated with the
immunising agent employed.

Two experiments were performed with another carcinoma, strain 91,
and gave the following result :—

Exp. 91/19 B : success of initial inoculation = 48 per cent.

The agent used to induce immunity was 01 c.c. of homologous
embryo emulsion, inoculated subcutaneously on the fourteenth day.

Ie-inoeulation Re-inoculation Inoculation Control
of of immunised of immunised to
PPositives, positives, controls, Re-inoculation.
6 in 10 lin & Gin 19 13 in 18
60 °f, 12 o/, 313, 120,

In the second experiment with this strain, Exp. 91/20 G, which gave
an initial success of 40 per cent. only, and was an exact repetition of
the preceding, the figures obtained were :(—

Re-inoculation Be-inoculation Inoculation Control
of of immunised of immunized Lo
Positives. positives, controls, Ite-inoculation,
5in 8 21in 6 o in 17 10in 14
63 9/, 33 %, 309/, T1¢f,

The figures from these two latter experiments, although ecomparable
with those obtained when using the carcinoma T, are not of quite so



35 Resistance to re-inoculation.

much value. As will have been noliced, strain 91 did not grow in
so high a percentage of animals inoculated. For example, out of ten
mice inoculated, strain 91 selected four which it found suitable for its
continuons growth ; results obtained from such a selected material
are less convincing than those obtained in ecases where this factor of
selection is reduced to a minimum, or totally eliminated as it is in
tumour T, which can grow continuously in every animal of an inocu-
lated series (fig. 4). Again, strain 91 introduces another complicating
factor, inasmuch as it frequently disappears spontaneously, and this
process, as already demonstrated, is accompanied by a high degree of
resistance to re-inoculation on the part of the animal in which it takes
place.  Strain T only rarely shows the phenomenon of spontaneous
absorption, and in accordance with this resistance to re-inoculation is
regularly absent. When, therefore, any marked degree of variation
in the re-inoculability of mice bearing this tumour is obtained after a
definite procedure, it may be safely concluded that the alteration is
entirely due to the procedure in question. On summing up all the
figures obtained in the above six experiments, this change will be seen,
as in the following totals :—

Re-inoenlation Re-inoeulation Inoculation Control
:3{: of immunised of immunized to
Positives. positives, controls. Re-inoculation,
41 in 65 19 in 70 22 1n 95 3l in GO
63 ﬁ.f'ln 27 ‘:',"u 23 “I.'r‘_-.. 739,

Whereas 63 per cent. of mice bearing tumours of these two strains
have been shown to be receptive to a second inoculation, this figure is
reduced to 27 per cent. when the second inoculation is preceded some
14-16 days by the injection of an immunising dose of tissue. The
figures are too large to allow the simple interpretation of the results as
the expression of an involuntary selection. The percentages given in
columns two and three, which deal with the *immune reaction™ in
tumour-bearing mice and in normal mice respectively, show that in
general mice with tumours can be rendered resistant with almost the
same facility as normal mice. This is a point of considerable importance,
and its bearing upon the resistance to implanted tumours will be dis-
cussed later. Since the resistance is effective against inoculation of
a graft, even in those cases where a progressively growing tumour is
present, it seemed desirable to test the efficacy of this resistance agninst
the spontaneous grafting of travsplanted tumours, which takes pl
in those cases where metastases develop.

e
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The observations recorded by several workers show that pulmonary
metastases, either in the form of intravascular emboli or of nodules
invading the lung-tissue, are found in a percentage of cases varying
accoriding to the tumour used, and the length of time over which
growth has taken place. The minute size of these metastases in many
cases is sufficiently accounted for, as Bashford, Murray, and Haaland
(10, p. 386) point out, when one takes into consideration the small
number of cells from which they develop, the initial difficulty of
vascularisation, and the hindrance to growth exerted by the arterial
walls in the lung.

Clunet (17) has recently denied the importance of duration of growih
upon the development of the metastases to macroscopie size, but lias
adopted a view similar to Ehrlieh’s athreptic hypothesis. The tumour
which he used for bis experiments was an adeno-carcinoma of the mouse
mamma, exhibiting a medium rate of growth. Ten to twenty days after
inoculation, he attempted total excision of the tumours which developed,
but in only six of twenty-four cases was he successtul in preventing
recurrence. Innine out of eighteen mice with recurrence, the metastases
attained macroscopic size ; in six, where no recurrence took place,
metastases did not develop. The larger size of the metastases in the
operated cases he attributed {o the removal of the subeutaneous growth,
which for a time allowed the cells disseminated in the viscera to obtain
an adequate supply of specific food-substance.  In the six animals where
the removal of the tumour was not followed by recurrence, failure to
develop metastases speaks against the early visceral dissemination. His
rejection of the view of duration of growth as being important is
scarcely consonmant with his findings. Nine cases where recurrence
took |Jl:i{.‘.{3 but in which no metastases developed, lived on an average
48 days after inoculation ; eight cases (omitting number 20 in which
the evidence for vascular dissemination is not clear) where recurrence
followed the excision and macroscopic metastases developed, lived
on an average 137 days. Clunet’s own experiments, therefore, fully
support the view that duration of growth is an important factor, both
in determining the oceurrence of dissemination, and the size which the
metastases attain.

Tumour-strain 63 has always exhibited a marked tendency to pro-
duce pulmonary metastases, the size of these being entirely dependent
upon the length of time over which growth lmf'a been allluwe:] to
proceed. The formation of pulmonary emboli by this tumour is a com-
paratively late phenomenon ; early and complete removal of the

subeutaneous tumour prevents their formation.
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The experiment has been carried out to see whether the induction of
resistance after the subentaneons tumours were established, could pre-
vent the vascularisation of the pulmonary earcinoma emboli. For this
purpose a large series of mice were inoculated subcutaneously with
0:05 c.e. of this tumour, one half of the series receiving at the same
time 005 c.c. of mouse-embryo skin, There were thus obtained thirty
mice, some of which had been immunized and some not, but all of
which had had a subeutaneous growth of tumour over 8-10 weeks.
The lungs of the whole thirty have been examined microscopically in
serial sections. Twenty-four of the lungs showed metastases, most of
them of maeroscopic dimensions, equally distributed over the treated
and untreated animals.  There was likewize no evidence of a suppression
of the stroma reaction in the intra-vascular growths in the immunised
mice. The failure to prevent the development of pulmonary nodules
in this experiment cannot be accepted as finally demonstrating the
impossibility of doing so with the present methods; the very long
period over which growth took place in the above case, 8-10 weeks,
may well have overrun the duration of effective resistance following
a single injection of embryonic skin. Repetition of the experiment
will be necessary with a view to prolong effective resistance, perhaps
obtainable by repeating at suvitable intervals the injection of skin or
other resistance-induncing tissue.

Attempts to Arrest the Development of Progressively Growing
Tumonrs.

When carring out the experiments upen the immunisation of mice
bearing tumours, deseribed in full in the preceding pages, some cases
were noted where the tuamour, which had already started growth before
the immunisation was carried ount, was retarded {.{l‘f-‘il”j‘ iﬁ its f_.‘-;-ﬂ“-”l
or even totally inhibited. On referring back to fig. 14, it will be seen
that the tumours of mice Nos. 22-25 :im'nlupud Very -_.-\h}“-l:,- as 'L'llllilp:ll‘ed
with the control tumours. These four animals belonged to a series of
twelve which had been immunised after they had developed tumours,
and it was thought that this inhibition of growth might well be the
expression of the effectiveness of the im munity. In several other series
treated in the same way, a similar phenomenon was observed, and
systematic experimenis were made to ascertain whether the pheno-
menon was of regular occurrence, or whether it was merely the
expression of chance. The question was one of great i“]E:{”‘““";;_.? fop
if it were possible to obtain regularly such a result, the cure of
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transplanted tumours which did not disappear spontanconsly would
be accomplished. Strains of tumours which grew progressively were
tested by subjecting the mice bearing them to the inoculation of em-
bryonic tissue, or of tumour tissue which induces concomitant immunity.
The effect of single inoculations of varying amounts of immunising
tissne was tested, and also that of the repetition of the immunising dose
at various intervals of 7, 10, and 14 days, in the hope that in this way a
high degree of immunity might be maintained over a long period.

Such an experiment is illustrated by fig. 15, which shows a series
of 42 tumour-hearing mice. Mice Nos, 1-21 received no treatment, and
their tumours eonstitute the control to the mice Nos. 22-42. which,
starting at the twelfth day after the tumours were engrafted, received
five doses of 0¢1 c.c. of embryonie tissue at weekly intervals. It will he
seen from the chart that the result is not encouraging ; taken over all the
control-tumours are larger, but in the treated mice regression of the
implanted tumours has not been obtained. No better result has been
obtained by extension of the procedure in several other experiments of a
like character. The tumour-strain T, which was nsed for the experiment
illustrated, is easily inhibited in its growth where the mouse has been
treated previous to the tumour inoculation. Charts published by
Murray (30) show how it fails to grow in animals which have received
such small doses of embryo-skin as 001 c.e. 21 days previously. The
faecility with which it falls a prey to resistance evoked before grafting,
and the resistance which it exhibits after the graft has established
vaseular relations serve again to indicate what an important part the
stroma reaction plays in artificially indueed immunity.

Conclusions.

All the questions formulated in the four headings on the opening
page have now been diseussed, and a survey of the material exposed
allows certuin conclusions to be drawn.

The first of these is that different tumour parenchymata vary widely
in their power of indueing resistance. This is a decision of considerable
importance, and will undoubtedly prove of value in reconciling many
.1p|mrult|1. contradictory observations in the field of immunity. It
also emphasises the necessity of examining several tumours of different
gr{mlh by pes before drawing general conclusions as to the nature of
immunity to transplanted tumours exhibited by any species of animal,
The analysis of fhe findings with these different types of tumours
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corroborates the view expressed in previons publications from this
laboratory, that resistance to re-inoculation, when present, is due
entirely to the concomitant development of active immunity, and at
the same time builds a good foundation for subsequent experimentation
in the domain of immunity.

The quality of the seil exhibited by the inoculated animal has also
been shown to have an influence npon the development of resistanee,
but in this its powers are weaker than those of the tumour,

The wide variations presented by different tumour strains in their
power of inducing concomitant immunity may have indirectly a bearing
upon the question of the genesis of new growths, [t must be
remembered, however, that these variations have only been demonstrated
in propagated tumours, and were not detected in the spontaneously
affected animals. Fven if the view be accepted that the degree of
power to induee resistance on transplantation is an inherent character
of a tumour, it cannot yet be determined that this character is stamped
on its cells at the time of their conversion from normal into neoplastic
elements. The behaviour of a tumour cell towards a strange organism
may only represent an individual character appertaining to the normal
cell from which the tumour cell has been derived, and accordingly have
no direct bearing upon tumour genesis.

Simultaneous inoculation of a tumour steain which induces resistance
rapidly can inhibit or retard the growth of grafts from a strain which
tends to grow progressively.

[t has also been shown that miee bearing progressively growing tumours
can be immunised against re-inoculation, even although this immunity
does not as a rule inhibit the further development of the tumour already
established. This is in striet accordance with previous findings, where
it was shown that resistance is directed in the first place against the
stroma-eliciting properties of the cancer-cells, and is aceordingly more
effective against a graft than against a tumour.
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THE NATURE OF THE IMMUNE REACTION TO
TRANSPLANTED CANCER IN THE RAT.

By Wxa. H. WOGLOM, M.D.
(Conumpia Uxiversiry, New York.)

For many years it had been assumed by most pathologists, and with
wood reason, that the parenchyma was the characteristic and active
moiety of epithelial growths, the stroma representing merely the
scaffolding upon which the tumour cells were arranged and through
the agency of which they obtained their nourishment. The investi-
gations which had been prosecuted by embryologists upon the early
developmental stages of various organisms had proved that the epithelial
cell was the chief director of morphological differentiation, but untiil
the time of Jenszen and hiz contemporaries, the lack of suitable material
had precluded experimental demonstration in the case of new growths,
for the proof of the regulating influence of the neoplastic cell conld be
advanced only through the observation of small, actively growing
tumours removed at suceessive stages of development and submitted
to histological study. This addition to the expedients at the command
of the pathologist has seitled definitely also the long-argued question
whether a tumour grew from its own resources—*aus sich heraus "—
as Ribbert and many others had always maintained, or whether it
spread by the infection of neighbouring cells, with their consequent
conversion into elements possessing the power of malignant growth.
Jensen (15) saw the possibilities inherent in the study of the recently
implanted graft, and examined small pieces of tumour removed mm,tw:.}:
three, four, or more days after inoculation. He found that after one
or two days the fragment was necrotic exeept for a few small collections
of cells, and that although after three or four days it consisted for the
greater part of somewhat hyaline connective tissue enclosing the emply
spaces left by degenerated parenchyma, living tumour cells could still
be found more or less surrounded by the degenerated connective tissue,
or in the case of I':u',i_{{rr ;__{mfl.-:, assembled about the ]'“ril'i“"'.“'~ A it
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days later most of the dead material had been absorbed. the connective
tissne had become even more hyaline, and nearly all of the cells had
disappeared from the central part of the graft, while coincidently a
namber of newly formed blood vessels and fibroblasts could be found at
the edge of the fragment penetrating the old stroma, which was mean-
while gradually disappearing. The surviving elements of the paren-
chyma were in the midst of a lively proliferation, but there was nothing
to suggoest that their numbers were being increased through the addition
of fibroblasts or any other type of cell belonging to the host. There
could be no doubt, Jensen concluded, that the transfer of tuwmours
from one animal to another was an instance of real transplantation.

The solution of the question was undertaken at about the same time
by Loeb (16), but this author was unable to decide definitely whether
the process was one of transplantation or infection, probably because
hi= observations were conducted upon a sarcoma—a tumour-type
in which the analysis of early growth is notoriously difficult,

At this point the investigation was taken up by Bashford and
Murray (2), who entirely confirmed the findings of Jensen, and
published with Cramer (3) in the ll:l”ﬂ‘ﬁ'illg vear more detailed observa-
tions, directing attention both to the connective tissue and the blood
vessels, They showed that twenty-four hours after transplantation
the introduced stroma, originally delicate and fibrillar, was now less
distinet, and that its fibrils had become fused into thicker strands of
glassy appearance, in the fissures of which lay many polymorphonuclear
leucoevtes, The connective tissue eells frequently showed such signs
of rm;mu-nniug degeneration as granular protoplasm and pyenotic
nuclei. Three days after inoculation, the eleft between the tumour and
the tizsues of the host was almost obliterated, and wandering eells were
distinguishable in the graft itself, while the collagenous fibrils of the
stroma had fused into thick glassy bundles, its cells in the meantime
having undergone fatty degneration and chromatolysis.  Even though
the graft had been well penetrated by connective tissue elements at the
end of the three-day period, vaseularisation did not set in until the
fourth dav. Onee initiated, however, this process went on with great
rapidity, and the young tumour was soon pervaded by a rich anasto-
mosing system of blood capillaries. In still later stages, there was a
continuons recession of the old stroma and an orderly progress of
vascularisation by extension from the capillaries already formed ; and
although on Thnruighih day the new connective tissue was still very
cellular, gralts preserved eleven days after inoculation eontained fibrils
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of collaigen. In the second publication, it was pointed out that the
character which the connective tissue and blood vessels would assume
in a transplanted tumour was determined, not by the tissues of the host,
but by the parenchyma of the growth itself. The vascular arrange-
meni conformed to that of the spontaneous tumour, and as the primary
character was preserved during continuous propagation, the authors
described the reaction as specifie. There was thus presented a close
parallel to the phenomena accompanying the development and differ-
entiation of the various tissues and organs of the body as a whole.

In discussing the relations between a tumour and the blood vessels
nourishing it, Ehrlich (8) also entertained the idea that its elements
exercized a direct action upon the fibroblasts and angioblasts of the
host, and that it was essential for the proliferation of the transplanted
cells that they should do so. A propagable chondroma under obser-
vation in his laboratory showed a predisposition toward early hsemor-
rhage, because its cells exerted an influence upon angioblasts so
energetic as to evoke a profuse outgrowth of capillaries, which under-
went secondary sinusoid dilatation and finally ruptured. The power
of inciting angioblastic growth was suppressed by intraperitoneal
inoculation, exposure to heat, and implantation into immune animals,

Loewenthal and Michaelis (17) deseribed the development of the
new tumour from the surviving elements of the graft, and Da Fano (9)
confirmed the degeneration of the old stroma and the elaboration of a
new one by the host’s connective tissue, while Flexner and Jobling
(10, p. 40) extended the study of “early stages ™ to include their rat
tumour, in which it was similarly found that the parenchymal cells
gave rise to the new growth, while the connective tissue degenerated
and was replaced by elements derived from the host.

Gierke (11) eoncurred with Ehrlich in analysing the stroma reaction
into the fibroplastic and angioplastic types, in accordance with the
varying extent to which the conneetive tissues and blood vessels responded
to the stimulus of the parenchymal cells.  If the two were in equilibrium,
well nourished carcinomata with either large or small alveoli would
be built up, while a predominance of the fibroplastic influences would
exert an inimieal effect upon the nourishment of the cell nests, and
might explain, in part at least, the central neerosis of epithelial masses
in a part orallof atumour. A preponderance of angioplastic influences
would, on the contrary, result in the formation of a small amount of
connective tissue only, and of a vich supply of blood vessels such as was
found in the hwemorrhagic carcinomata. As Bashford, Murray, and
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Cramer (4) had alveady suggested, the nature of the stroma reaction
might play a prominent part in the establishment of tumours after
transplantation, a too powerful reaction leading to absorption, and too
weak a one to insufficient nourishment and death of the engrafted
tissue. It was conceivable, therefore, that the reaction was an essential
element in determining individual susceptibility to implantation, and
that the continuous growth of a graft was possible only when there
Wil present in the host an :ldmiuut(z power of response to the stimulus
L‘H{Jitil]g the slu'{:inu stroma reaction.

The information that had been gained through the observation of
early stages of growth in the newly implanted graft, was applied by
Russell (19) to an investigation of the refractory condition which
follows unsuceessful tumour implantation or treatment with various
normal mouse tissues. The findings were in all eases identical, a fact
suggesting similarity between the resistance produced by unsuccessful
imoculation with tumour and that evolved by the injection of normal
tissue. That this one type included also the immunity deseribed by
Ehrlich (7) under the name * athreptic,” was later demonstrated by the
work of Bashford and Russell (3).

The results of Russell’s investigations into the nature of resistance
were briefly as follows :—The reaction taking place during the first
two days about the implanted fragment in immune mice was the same
as that in normal animals, but on and after the third day the active
penetration by fibroblasts occurring in the latter was absent in
refractory mice. As shrinkage took place in the necrotic centre of
the graft, a cleft was produced between the tumour and the host’s
tissues, and along this free surface the cells of the parenchyma were
spread out to form the wall of a eystic cavity. The host's tissues
themselves were more cellular than the normal areolar tissue of the
mouse, but this condition was mainly due to the presence of polyblasts
and polymorphonuclear leucocytes. There was no evident inerease in
vascularity. Absorption of the neerotic mass was accomplished very
slowly, for capillaries, fibroblasts, and polyblasts did not penetrate it in
any number until after about seven days, and a space of about twelve
or fourteen was necessary for the whole graft to be cleared up. The
eventual destruction of the epithelial elements was brought about by
an ingrowth of fibroblasts which so compressed them as to cause their
dissolution. In the later stages of the process it was usual to find
many of the epithelial cells multinueleated, a condition which Russell
aceredited to a gradual paralysis of their protoplasm inhibiting the
completion of mitosis.
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The outstanding feature in the resistant animals was their failure to
supply the characteristic connective tissue and vascular scaffolding, but
it was not clear to which one of two factors the absence of the reaction
was to be ascribed. Thus it was conceivable that either the tissues had
been altered in such a way that they no longer replied to the stimulus
of the cuncer cell, or that this cell itself had been robbed of the power
to incite the specific stroma reaction. It seemed justifiable to explain
the failure by the assumption that the malignant cell was deprived of
its chemotactic properties, and eventually of its power of assimilation and
growth. There must be present either in the circulating fluids or the
tissues of resistant animals something uble to inhibit chemotaxis ; but
this unknown agent could not be a very active cell poison, because the
cancer cells retained their proliferative power for from seven to ten
days, and because, furthermore, it was those at the periphery of the
graft which persisted in their growth, although they were the very ones
most exposed to the influence of a hypothetical poison.

Burgess (6) described necrosis of the central part of the graft,
d(‘.gﬂnuruti{}n of the stroma, and invasion of the tumour mass |1:|.' new
capillaries and proliferating connective tissue cells, not only in normal
mice but in those of a naturally resistant breed as well. In the latter,
however, after about a week of active growth, the tumonur became
surrounded by an inflammatory exudate which impaired its nutrition,
and apparently as a part of this reaction there occurred in many of the
non-susceptible mice an over-production of fibrils on the part of the
more centrally located portions of the new stroma. Peripheral
extension ceased, central neerosis at the same time advanced, and
ultimately the whole tumour underwent destruction and absorption.
The author pointed out that the increased connective tissne reaction
in the graft which he had observed in refractory mice, where Russell,
on the contrary, had established an absence of reaction, might have
ensued because his own mice belonged to very closely related varieties
capable of interbreeding freely.

It is hardly necessary, however, to go so far afield for an explanation
of the difference. There has been an unfortunate failure of late on the
part of several authors to distinguish between mice which are immune
at the moment of implantation, so that the tumour never gains a foot-
hold in them, and those in which spontaneous absorption is preceded
by a certain period of growth. The histological appearances sub-
stantiated for the latter cases by Gaylord and Clowes, Bashford and
Murray, and others, vary so widely from those described by Russell in
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the case of grafts which have never established themselves as to indicate
the existence of a distinet difference between the reactions manifested
under the two conditions. Nor is further evidence of this dissimilarity
lacking.  Da Fano (9) found plasma cells distributed throughout the
tissues of mice in which tumours were undergoing spontaneous
absorption, as well as in those that had been unsuecesstully inoculated
with sporadic growths., But when animals had once become resistant,
a second inoculation of an immunising material was powerless to
reproduce the reaction.

Russell's iuvvﬁligillim]ﬁ have been l'm:l:mi:..' confirmed I»;r Anitsehkow
(1), and their value and accuracy have, in fact, met with almost
universal recognition, although an oceasional doubt regarding their
validity has found expression, as in the paper of Goldmann (14). The
thesis which he defended, and which has been expressed perhaps more
clearly in earlier papers (12, 13), was, that the presence of blood vessels
within tumours represented the product of a defensive reaction on the
part of the host ; the subsidiary assumption was entertained that the
vessels were endowed with the power of destroying tumour cells.

The opinion was expressed that the method of removing grafis
practised in Bashford’s laboratory was suitable only for the inves.
tigation of the larger blood vessels, and that in its employment the
smaller ones were necessarily destroyed. Still, fig. 18 in the Second
Seientifie Hepul'l, and ﬁg. 3 in Russell’s article, |'|-|:ri,-.~aentiug fl"ugllwllt:-‘-
removed in this way, show a large number of capillaries at the
marging of the grafts, most of them so fine in calibre as hardly to
exceed the diameter of a red blood corpuscle, while eapillaries no
greater in size can be discovered without difliculty in the figures
accompanying the present article. The adequacy of the method cannot,
therefore, he gainsaid.

Goldmann urged further against the validity of Russell’s conclusions,
that spontaneously receding tumours were well provided with blood
vessels,  There is, however, a fundamental difference hetween the
failure of a graft to establish itself’ in a new host, and the regression of
a tumour which has begun to grow. How great this difference must
be is shown by the fact that it absolutely nullifies all effurts to bring
about the disappearance of established growths by means of the inocu-
lation of embryo skin, for example, which nevertheless is ecapable of
evolving an almost complete immunity against implantation.
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The pnrpose of the present paper is to extend the investigation of
early stages to another species, and to describe in detail the reactions
taking place in and about fragments of the Flexner-Jobling adeno-
carcinoma of the rat, after its transplantation into normal or resistant
animals,

Immune rats were obtained by selecting those which lad proved
themselves resistant to one or two inoculations of the tumour in
question, or by subjecting animals fo previous trentment with 0-2-
(-3 c.c. of an emulsion of rat embryo skin. The rats injected with this
latter material were divided into three groups, two of which received
no further immunising inoculation, while in the the third, preliminary
treatment was repeated 21 days later with the tumour under consideration,
to which they were found resistant. The introduction of the grafts
destined to be excised for the study of early stages took place in all
cases two or three weeks after the last immunising treatment,

The technique employed throughout the investigation was identical
with that which Russell has already described in full.  Small fragments,
selected from the healthy margin of a growing tumour, were deposited
in the subeutancous tissue of the axilla by means of a hollow needle
inserted into an area in the groin previously epilated to prevent the
introduction of hairs with its consequent confusion of the histological
picture, Grafts introduced in this manner were removed with sharp
curved scissors at varying intervals after inoculation, and in the
extirpation as much of the neighbouring tissue as it was possible to
include was maintained in undisturbed conneetion with the implanted
fragment.

Six series in all were employed, and several grafts, usnally three from
normal, and an l'.'[lll:ll number from resistant rats, were procured in every
one of the series for each of the stages investigated. The specimens
thus obtained were fixed in Borrel's fluid and eut in serial paraffin
sections, which were stained in Heidenhain’s iron hematoxvlin, Tt
would be hard to emphasize sufficiently the imperative rree;=s::it1,- of
serial sections in work of this sort, for only by their aid is it pqmail,;]u to
resolve an assortment of complicated phenomena into anything ap-
proaching an orderly sequence of events, From the large number of
seetions available, there were chosen for purposes of illustration those
affording the best general idea of the conditions extant at the particular
period that wuas to be described ; hence, all the appearances discussed
for any one period may not be found in the corresponding illustration
for the text attempts a deseription of the state of the uk‘ﬂl‘;lgv araft. ;

E
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The tumour utilised for these experiments was an adeno-carcinoma
which was discovered in 1906 by Flexner and Jobling in the left
seminal vesicle of an adult white rat. An extensive deseription of the
histology of the primary growth, and that of the transplanted tumours
belonging to the earlier generations, has been given by the authors (10)
Just mentioned.  Through the kindness of Drs. Flexner and Jobling,
the tumour was received at the laboratory of the Imperial Cancer
Research Fund, where it has now been in eultivation for about four
and a half years, While the yield of tumours attendant upon the
inoculation of this growth into English rats varies enormously from
one generation to another, it may be said that ten days after implantation
from 83 to 100 per cent. of the animals have developed growths of
From 0-2 to 0-5 gm. in weight. Many of these nodules, however, hegin
to recede soon afterward, and 50 per cent. of progressively growing
tumours is but seldom realized, while in individual series all the
arowths may disappear spontancously. As with the strain retained in
Ameriea, so in the one grown here, a diagnosis was not readily to he
made in the first few generations, although after a short time the
growth proved clearly enough to be an adeno-carcinoma. The paren-
chyma, except at the growing edge, arranges itself in acini, and
t]ll;‘l'{‘ i:i i El'u'l]_l{, tl‘nllt’.]][!"‘r 1.'_!\'-':]"{] !Il[l tlﬂﬁllnllll.lll“ ll[ H ]!Fll[liIIi.rﬂr'U“ﬁ
character, which, however, is always curtailed by the onset of necrosis.
The stroma, which in common with other fibrous connective tissue of
the rat is significant for its collagenous nature, is well vascularized,
and appears fairly eellular by reason of the large number of filroblasts
which are distributed through it. The histology of the adult growth
i.,'\-' ]'E"l'l]",!dll",'il!ﬂl :E”. ﬁg. 1.-

The varions phases of the connective tissue elements of the rat have
been so fully and so :||::l_'t1|'altt-lj.' deseribed |1_".' Maximow {lﬁ}l that any
further deseription would be superfluous.

Giratts removed from normal rats twenty-four hours after inoculation
exhibit changes of which those set forth in fig. 2 may be regarded as
typical. The fragment is infiltrated with polymorphonuelear lencocytes,
and in the parenchymal cells toward its centre degenerative changes
have already commenced.  These elements are shrunken, their
protoplasm is filled with tiny granules stained a deep brown or even
black hj' the osmic acid in the fixative, their nuelel have become
smaller and irregular, and active proliferation is in progress only
among those at the margin. The collagen fibrils of the stroma have
fused into thick glassy bundles, and the great majority ot the connective
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Adeno-carcinoma of the rat (Flexner-Jobling), 26 days old, G6th generation. (Zenker ; Weigert—van Gieson.
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tissue corpuscles show the same phenomena of degeneration as have just
been described for the cells of the parenchyma, while capillaries are
discoverable only with difficulty because of the destruction in which
their endothelial coat has already become involved. These conditions
obtain in the stroma of most grafts at this period, but occasionally one
may be found in which the connective tissue elements are fairly well
preserved, althongh mitotic figures are not to he found. The
implantation, as a rule, iz separated from the tissues of the host by a
cleft containing leucocytes, and associated with this space there is a
fibrinous exudate increasing the isolation from the host’s tissues. The
connective tissne surrounding the graft is wdematous, infilirated by
polymorphonuelear lencoeytes and small round eells, and more richly
cellular than normally, although division figures are only rarely
discoverable in its fibroblasts,  As these elements seem to have inereased
out of proportion to the number of mitoses present among them, it is
impossible to deny the suggestion that they undergo amitotic division,
although indisputable evidence in favour of such a process ecannot
be adduced.

(Grafts taken from immune rats after the expiration of the twenty-
four hour period present changes similar to those found in fragments
excised from normal animals, with perhaps this slight difference, that
the emigration of polymorphonuclear lencocytes is not so marked. But
this disparity, if indeed it be constant, is too slight to merit more
than passing notice.

In pieces of tumour removed from normal rats after forty-five to fifty-
four hours, the degenerative changes affecting the parenchyma are at
once more advanced and more widely distributed. The protoplasm of
many of the cells toward the central region is now represented only by
granular fatty débris, while the nuclei are converted into irregular
particles of chromatin or are, at the best, shrunken and of irregular
dentate outline. Those elements of the parenchyma more happily
situated at the margin of the implantation, have, on the other hand,
been able to survive, and in some cases even to undergo division.
The emigration of polymorphonuclear leucocytes has come to an end,
and the greater number of those which have succeeded in entering
the graft are to be found gathered about the necrotic parenchyma,
The collagen of the stroma is very glassy, most of the connective tissue
cells are shrunken, their nuclei pyenotie, while their protoplasm contains
eranules staining brown or black with osmic acid. The cleft and the
fibvin barrier are still present. The space between the implanted
fragment and the tissues of the host is the result of shrinkage, which,

E2
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taking place during fixation, denotes the absence of any union between
the two structures, F

While fragments excised from immune rats after forty-five to fifty-four
hours are themselves in mueh the same condition as those removed from
normal ones at the end of the same space of time, there is nevertheless
some difference in the surrounding tissues, This reveals itself in a more
active proliferation of the connective tissue corpuseles in normal animals,
and the process may lead occasionally to a penetration of the graft by
fibroblasts and capillaries even at this early period, although such an
oceurrence is unnsual before the third day.

The most interesting period in the history of a graft which is estab-
lishing itself in a new soil, is the third day. In the majority of tumour
fragments removed from normal rats at this time, the fibrinous exudate
and the eleft, both formerly separating the trmit from its host, have
disappeared.  The fibroblasts of the surronnding connective tissue have
entered into the growth and are engaged in the building of a new stroma,
while penetrating capillaries can be discovered at the edge of the voung
tumonr. The outermost cells of the parenchyma are in active mitosis,
but the centre of the graft is quite neerotic. In fig. 3, representing
the edge of a nodule which was removed seventy hours after
implantation, the close connection between the growth and its host can
be readily appreciated from the intimate commingling of tumour cells
and connective tissne elements, as they are reproduced in the drawing.
A new capillary, containing blood, has entered well into the fragment,
and is indieated toward the bottom of the illustration near the centre.
The hyaline remains of the old stroma, its penetration by pelymorpho-
nuclear lencocytes, and the serions involvement of its connective tissue
cells are also reproduced, as well as the active mitosis that is in
progress among the elements of the parenchyma at the growing edge of
the graft ; Yt the neerotic tumour cells in the centre of the fragment
are not included in the picture. The surviving elements, which have
hitherto been content merely to sustain life and to proliferate as best
they may now often show *1“’11"- of an attempt to assume an acinous
arrangement.

Whether the new framework is devived entirely from the connective
tissue of the host, or whether certain cells of the transplanted stroma
survive long enough to participate in its construction, i1s a question
diffienlt of decision. Certain it is that all the elements of the
transferred stroma seem to be considerably damaged before the entrance
of conneetive tissue corpuscles from the host ; still the possibility cannot
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be eliminated that the damaged cells may in some cases be able to
recover and continue their proliferation for a time. Beyond reasonable
doubt, however, nearly all of the introduced stroma perishes within the
first few days, so that the framework of the new tumour is entirely, or
almost entirely, the product of the host. This view coincides with that
of Flexner and Jobling, who have expressed the opinion that only the
epithelial cells of this growth survive transpluntation, that the new
tumour is the result of their proliferation, and that its stroma is
furnished by the connective tissues of the host.

The contrast between the condition just deseribed and that represented
in fig. 4, which reproduces a graft taken from an immune rat seventy-
two hours after inoculation, is so striking that there is little need to
insist upon it. The outlying cells of the parenchyma are still well
preserved at this period, and division figures are not infrequent, hut the
eentre of the gralt is entively necrotic.  All traces of acinous arrange-
ment have been lost, and the cells lie either in ii‘l'eguhll' groups within
the lacunm of the stromsi, or else in Hillg]u juj.'i*l‘.-l at the w.];;l.-r-'- of the
cleft. The vanquished fragment is shrunken, it remains entirely sepa-
rated by a space and a barrier of fibrin from the neighbouring connective
tissues of the host, and nowhere can there be detected that projection
of fibroblasts between the cells of the tumour which invariably oceurs
in successful grafts. In many eases the fibrin barrier is even more
persistent than in the specimen from which the drawing was made.

Figs. 5 and 6 reproduce the condition of the young tumour in normal
rats on the fifth day, the latter representing a high power view of the
edge of the graft at the junetion of the upper and middle thirds of the
low power view. Fig. 5 shows the vigorous inrush of capillaries and
fibroblasts to form the stroma of the new tumour. The cutting off by
the fibroblasts of small cell groups, and the initiation of an acinous
arrangement of the elements of these groups, give promise of the
fidelity with which the architecture of the tumour will be reproduced.
As a contrast to this healthy voung connective tissue there has been
included at the right hand side of the illustration a portion of the old
stroma, in which the hyaline condition of the collagen and the
degeneration of the fibroblasts are obvious. Although the part of the
parenchyma surrounded by this dead stroma is not very badly damaged,
in the more central regions of the graft, outside the limits of the ent,
destruction of the parenchymal cells is complete. The cellularity of
the host’s tissues at the edge of the graft, most marked in the lower
portinn of the drawing between the sections of nerve and the margin of
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the nodule, is partly the result of an intense proliferative activity on
the part of the fixed elements of the connective tissue, while a further
factor in its production is the presence of cellular infiltration and of a
Jarge number of young blood vessels.

Fig. 6 was drawn at a higher magnification to show the process in
more detail.  The greater number of tumour cells are well preserved,
and division figures are not uncommonly discovered among them. In
many of the cell groups the elements have arranged themselves inacini,
although this has not occurred in the small field of the growth which
has been reproduced. The graft is swarming with new eapillaries and
young fibroblasts, but there is no evidence yet of that abundant
production of collagen which is the salient characteristic of the stron.a
of the tumour under discussion. In many eases the fibroblasts have
penetrated as far as the centre of the fragment, and vascularization is
further advanced than it is in three day specimens, What remains of
the old stroma is found chiefly toward the inner regions of the nodule,
in an excessively degenerated condition, the nuelei of iis cells pyenotic
and its collagen fibres represented by a hyaline homogeneous material
which stains somewhat more darkly than was the case in three
day grafts.

After the fifth day the graft in a normal animal is the theatre of a
progressive and orderly vaseularization and formation of stroma. The
recently entered fibroblasts and the prolilerating parenchyma, in
which acinous differentiation is now quite or almost complete,
encroach more and more upon the remains of the old connective
tissue and upon the necrotic tumour cells in the centre. DBy the
seventh day, the production of collagen having commenced in the
new stroma, the i]nl}izmtmi fl‘ilgil!f:nt may be said to be well on its
way toward |'|m1'|_1;|‘il;;|.',l :tlthmlgll there may still remain in the interior
a certain amount of detritus representing the old stroma and those
parenchymal cells which were unable to survive transplantation.

Figs. 7 and 8 set forth low and high power views of the graft five
days after transplantation into immune rats. As may be appreciated
from the former, there is nothing left of the implantation but a eyst
containing the products of degeneration, and lined by tumour ecells,
As the next figure demonstrates, while these marginal elements are
still alive, and in a few instunces even undergoing mitosis, the specific
reaction which would have provided a vascular and connective tissue
seaffolding for the epithelial cells and permitted a survival of the
engrafted tumour, is entirely in abeyance, and at no point of the
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periphery is it possible to demonstrate the entrance of either fibroblast
or capillary. Robbed in this way of nourishment, the implanted cells
have succumbed to their unfavourable environment, save only those of
the outlying layer, which, by virtue of their position, have been able to
ahsorh a certain amount of nourishment from the tissues of the host, and
even to I:rnlffer.:nt('} if mﬂj' in small dﬂgrt'{*. But the t‘iT:JIit}‘ of these
elements themselves is at a low ebb, and in specimens removed a full
day earlier it is not difficult to find certain of them with from two to
five mitosing nuclei, witnesses—as Russell has indicated for mouse
material—of a gradual paralysis of the protoplasm preventing the

completion of division. All traces of alveolar arrangement have heen
lost, and in many cases the fibrinous exudate still encloses the graft,
making its isolation even more complete.

Although among the cells hordering the dying graft in immune
animals there may oecasionally be found a few undergoing division
as long alter transplantation as ecight days, most of them show signs
of serious damage at the end of this period. By the tenth (fig. 9),
most, if not all, of the epithelial elements have been entirely destroyed.
The implant is undergoing peneiration by fibroblasts from the host,
phagocytosis is in active progression, and the whole proeess, in short,
represents the efforts of the fissues to rid themselves of the defeated
tumour fragment.

Conclusions.

(1) The investigation which has been described in the preceding
pages leads inevitably to the decision that the phenomena described by
Russell as characterizing the immunity of mice to tumour implantation
oceur also in the case of the resistance offered by rats,

(2) Furthermore, as no difference could be detected between grafts
taken from rats treated with embryo skin, and those removed from
animals which had undergone a previous unsuecesstul inoculation with
tumour, it is concluded that resistance is similar in the {wo cases,

(4) Finally, both of these types are tle outcome of a failure on the
part of the new host to Furnish to the implanted fragment the proper
blood vessel supply and connective tissue scaffolding,

The expenses of this investigation were borne in part by the Crocker
Cancer Research Fund of the College of Physicians and Surgeons,
Columbia University, New York City.
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A CYTOLOGICAL ANALYSIS OF THE REACTION
IN ANIMALS RESISTANT TO IMPLANTED CAR-
CINOMATA *.

By (. DA FANO, M.D. (MiLax).

Tuat small experimental animals, rats and mice, can be rendered
immune to implanted cancer, is one of the many facts that have been
hrq}ught to ]ighi‘, by the E:'{E_If_tri]lll"“til.l in\'u:,'.l.i;:u!iun of tumours, and,
moreover, is one which has been corroborated by various observers in
different laboratories. Attempts to demonstrate an analogy with other
forms of immunity, especially with a view to demonstrating antibodies
in the blood serum by analysis in vitro, have been Fruitless, and all
that has been accomplished so far, has been to follow the changes
occurring during spontaneous healing, and to establish the differences
between the connective tissue changes observed in the early stages of
growth in grafts from normal and immune animals. These investiga-
tions build the foundation for the present series of experiments, which
have been designed to elucidate the histologicul details of these
proceszes.

The connective tissue changes occurring in carcinomata undergoing
spontaneous absorption were first studied and compared with those
observed in immune animals, The investigation was later extended
to a study of the reactions following inoculation of embryo skin, blood,
and spontaneous tumour, as well as tumour previously killed by freezing
and grinding.

The material and the methods of transplantation were those usually
employed in this laboratory, and will be found fully discnssed in .
papers in previous Reports. OF the special stains utilised, Azur 11
solution (Griibler), with which very satisfactory results were obtained,
may be recommended. As a differentiating fluid, a mixture of nine

* This paper is a somewhat abridged translation of the author's * Zellulire
Analyse der Geschwulstimmunitiitsreaktionen " (Zeitschrift fiir Immumititsforsehung,
1910, Bd, v. Heft 1), and gives the result of work earried out in the lnboratory of the
Imperial Cancer Research Fund.—E. F. B. ;



bl

parts of 90 per cent. aleohol with one part of aniline oil was employed,
followed by careful washing in 90 per cent. aleohol. The best results
were obtained after aleohol fixation. To aveid confusion, the structure
and nomenclature of the normal econnective tissue elements will be
discussed first.

The Loose Connective Tissue of the Mouse, and the Nomenclature
of its Elements.

The subeutaneous and intermuscular connective tissues have been
especially examined, because they are the usnal sites selected for the
inoculation of tumours. While a r-:}u:llalutu review of the literature
I‘lﬁrhlinillg to this .-_ulhjl'{:i is rendered UNNeCessary hJ.‘ the recent mono-
graphs of Marchand (12) and Maximow (13), the work of the lutter
author will be discussed Fully, as the nomenclature adopted by him has
found wide aceeptance. He described the following elements in the
connective tissue of the rabbit :—(1) Fibroblasts, (2) Wandering cells,
(3) Clasmatoeytes, (4) Fat cells, (5) Clasmatoeyte-like adventitial
cells.

By fibroblasts he understands the distinetive eonncetive fissue cor-
puscles. The wandering cells are small elements analogous to the
blood lymphoeytes, which in the course of development forsake the
blood stream and wander into the tissues,

The eclasmatocytes, deseribed first by Ranvier (20), exhibit a denser
nuclear network than the fibroblasts, and contain coarse refractile
granules in the eytoplasm.  Maximow aceepts Ranvier's view that they
develop from the wandering cells, and may in turn become changed
into fibroblasts.  Altnough the elazmatocytes of mammalia arve readily
distingnished from mast cells by their staining reactions, this distinction
does not hold for the amphibia.

The clasmatocyte-like adventitial cells are identical with the elements
deseribed by Marchand as adventitial cells, an | some of them, according
to Maximow, are atypical fibroblasts, while others are clasmatocytes.
Marchand’s category of adventitial cells certainly includes elements
indistingunishable from the wandering cells. Marchand (12) aseribed
to the adventitial cells an important part in all inflammatory and
reparative processes, and noted their early prolileration under those
conditions and their transformation into the following forms:
(1) round cells with varying amounts of protoplasm, and possessing
amaboid movement and phagocytic properties, (2) lymphocyte-like
cells which form the chief part of the ““small cell infiltration,” (3) mast
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cells, and (4) plasma cells®. To all these various forms of the adven-
titial cell Marchand applied the name “ leucocytoid-cells.”

In Muaximow’s opinion cells from the blood stream also played an
important part in reparative influnmations. The clasmatocytes and
clasmatoeyte-like cells rounded themselves off in the first few hours of an
inflammatory process, and became converted into large amoboid cells,
In this same period, Maximow found an active emigration from the
blood stream of small lymphoeytes, which mingled with the pre-existing
wandering cells, altered elasmatocytes, and clasmatocyte-like adventitial
cells. To all these various cells he gave the name * polyblasts,”” and as
in his opinion plasma cells are simply emigrated and metamorphosed
lymphoeytes and mononuclear leucoeytes, these also were included
under the above term. The so-called macrophages he regarded as
produets of the evolution of polyblasts.  The term * polyblast” ineludes
rather a large variety of elements, and Maximow himself later restricted
its application by excluding the plasma cell.

It would appear that Maximow’s “ polyblast ™ and Marchand’s * leuco-
eytoid ” cell are interchangeable terms, but with this restriction in view
of the respective authors’ opinions, that the former are of histogenetic
and hematogenetic origin, the latter of histogenetic origin only.

The loose connective tissue of the rat was later the subject of a special
article by Maximow (14). Two of the histological points in which this
animal differs from the rabbit are that the clasmatocytes do not contain
specifically staining granules, and that polymorphonuclear leucocytes are
present under normal eenditions in the connective tissues. In inflam-
matory reactions the lm]_}'hlni&tﬁ tnke an il'l]liui't:il![ part, bt 11]:1:“113 cells
are never involved in the sear formation.

In a more recent communication, Maximow (15) returned to the
classifieation of the normal connective fissue elements, and gave a
review of the role played by the various eells in reparative inflammatory
processes, He found the connective tissues of all mammalia to
contain the following elements :—(1) Fibroblasts, (2) Mast cells
(3) Quiescent wandering cells ¥, (4) Small ameboid wandering cells,

#* In view of the complexity of the question, and the wide differences of opinion
on the subject, it hus been thought advisable to use in the present article the
definition of plasma cells given by Maximow (13). Special attention was paid to the
question whether these cells are to be found in the normal subcutaneous or fatiy tissues
of the mouse. The source of these cells has not been fixed, and the present investigation
of the cellular reactions in cancer-immune animals does not decide whether lympho-
eytes ean undergo diapedesis, although it will be seen from the experiments that it is
u possibility to be taken into account.

+ Quiescent wandering cell is used throwghout for “ruliende Wanderzelle ™ in the
original,
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(3) Plasma cells, (6) Fosinophile cells, and (7) Fat cells. In inflam-
mation the fibroblasts beget only fibroblasts, whilst the mast cells are
destroyed and phagocyted early by the polyblasts, The quiescent
wandering cells are the mammalian clasmatoeytes of Ranvier, and
include Renaut’s (21) “cellules rhagicerines”; in inHammation they
become altered into large ammboid cells, the polyblasts, many of which
are to be regarded as derivatives of emigrated lymphoeytes. The small
ameeboid wundering cells occur round the blood vessels and in the fatty
tissues, and correspond in shape and size with the lymphoeytes of the
blood, whilst the plasma cells possess all the well-known characters, and
are U:l[li!hl{‘. of mitotie division.

From this superabundance of names it is difficult to choose those
which will carry clearness and conviction. Fibroblasts, mast cells,
and fat cells are all well known and well characterized elements.
The use of the term * quiescent wandering cells,” in place of * clasma-
toeyte,” has certain advantages, but there is little good to be served by
replacing the name “lymphocyte” with © small ammboid wandering
cell.l”  As regards the plasma eells, it may be stated that these have
never been found in the normal connective tissue of the mouse.
Although it is difficult to deny the diapedesis of lymphoeytes in the
formation of connective tissue, and appears logical to classily cmigrated
lymyphocytes with the quiescent wandering cells, still the use of the
term © Iml_\-hl-.ug.t*‘ for the whole category cannot be recommended, and
in the present paper will Le replaced by that of * wandering cell.”
This term will include elements not only of histogenetie, but of heemato-
genetic origin, and is used in the same sense as it was by Bashford,
Murray, and Cramer (1). It may be added that the macrophages are
excluded from this category, as -‘."-fltf':_:i:l] observations |:ui11l_ rather to
their being solely of histogenetic ovigin. The term * macrophage ™
does not include all large cells possessing phagoeytic powers, but only
those having relatively small rounded nuclei with a very fine network of
eytoplasm. The finely granular psendo-eosinophile leucocytes, ineluded
by Maximow in the eosinophile cells, will be designated by the older
name as polymorphonuelear lencocytes, whilst the coarsely granular
eosinophile leucocytes alone will be termed eosinophile cells,

This preliminary discussion forms the preface to a descripti m of the
normal connective tissue of the mouse. The two fibroblasts pictured
in fig. 1 (Plate 1) exhibit the morphological characters of this cell type,
while in fig. 2 (Plate 1) it will be seen that they may resemble, when
seen in profile, the endothelial cells.  Around blood vessels and nerves,
and at the transition between cutis and subeutis, the fibroblasts often
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lose their usual outline, and become smaller and irregularly angular,
A characteristic quiescent wandering eell, a type of rare occarrence in
the mouse, is pictured in fig. 3 («) (Plate 1); but small cells with
sharply defined nuclei, such as those shown in fig. 3 (b, ¢, d, ¢) ( Plate 1),
have been classified also as quiescent wandering cells. Elements are
often encountered resembling both fibroblasts and quiescent wandering
cells, ¢f. fig. 2 (ruh Wz, 7) (Plate 1).

Lymphoeytes (fig. 4, Plate 1) occur in very small numbers in the
subeutaneous tissues, and the features of the mast cells are shown in
fig. 2 (M:.) (Plate 1).

Polymorphenuclear leucocytes are not infrequent in the normal
connective tissue, and the ring-shaped nueclens is a common feature
(fig. 2, pl.Lke.) (Plate 1). Eosinophile leucoeytes have not heen seen.
The fat eells (fig. 5) (Plate 1) exhibit no special features apart from a
well-marked meshwork in the eytoplasm. Plasma cells, maerophages,
and wandering cells are absent,

The Cells of the Stroma of Progressively Growing Tumours.
A. EARLY STAGES

Bashford, Murray, and Cramer (1) have deseribed in these Reports
the changes which occur in the tissnes surrounding an implanted
graft from two hours up to several days after inoculation. Liiwenthal
and Michaelis (11), and Russell also (24) have followed in detail the
reactions supervening after the grafting of a tomour. With the
exception of certain eases of secondary sarcoma development (10), all
the authors are agreed that the transferred stroma dies, a conception
which the present investigation entirely confirms.

The present research was made especially with carcinoma 27 and
a more rapidly growing tumour, earcinoma 63, which eave essentially
the same result. The site of inoculation was examined on the 1st, E'mi.
drd, ete., days,

The immigration of polymorphonuclear leucoeytes into the tumour
oceurs very early, and in anintense degree.  Many of them when stained
with Giemsa solution after fixation in :":L"I'Iii{"l“.-'- Huid, show i I'l;-'E'l[HIq}-
eosinophile granulation.  After 4-6 days, eosinophile cells are found in
the neighbourheod of capillaries and small hemorrhages (fig. 6, cos. Lie.)
(Plate 1). Under aseptic conditions, the polymorphonuelear lencocytes,
which exhibit no phagoeytosis, gradually diminish in number afid dis
appear about the fourth day, at a period when the degeneration of the
old stroma has also occurred. The majority of them degenerate in s,
but a few appear to remain as permanent elements of the new stroma.
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With the polymorphonuclear lencocytes, fairly large numbers of
lymphoeytes appear after 24 hours, but are found especially around the
blood vessels and in the fatty tissue at some distance from the grafts.
At this period it is easy to distinguish the lvmphocytes from the
quiescent wandering cells, which have now become more rounded and
have acquired a more voluminous cytoplasm, but, during the second
day, the Iymphocytes undergo changes which render them hardly
distinguishable fromn the quiescent wandering cells,  This resemblance
is shown well in fig, 40 (117z.) (Plate 4), and as they now correspond
exactly to Maximow’s polyblasts, or the wandering cells noted by
Bushford and Murray, they will be termed simply wandering cells.
The number of lymphoeytes continues to increase, but in tumours
which grow well never becomes excessive,

After the second dav, the contour of the fibroblasts becomes more
distinet, and they begin to divide mitotically and amitotically. They
pass into the graft about the fourth day, as shown on fig. 7 (Plate 1),
reproduced from page 348 of the Third Report (24), with which
may be compared the figures on page 28 of the second part of the
Second Report (1), The central areas of the new stroma are composed
entirely of fibroblasts, but in the periphery there are in addition numbers
of polymorphonuclear lencoeytes, lymphoeytes, and quiescent wandering
eells.  Mitotic division of the last-named class of cells is shown in
figs. 31 and 38 (Plate 4). As regards the later stages of stroma
development, it may be added that macrophages in small numbers
appear about the eighth day, more especially in connection with small
hamorrhages such as have been seen with carcinoma 63. A few plasma
cells appear after the eighth day. To the published descriptions of the
development of new blood vessels there is nothing to be added.

B. FuLLy DeEvELoPED TuMOURS.

The same tumour-strains, earcinomata 63 and 27, were used for
studying the stroma of Fully developed tumours. The findings are
fairly constant, such variations as occur affecting mostly the ana-
tomical arrangement and the quantitative relationships of stroma and
parenchyma. Mitoses of fibroblasts like those shown in fig. § (/1)
(Plate 1), ave relatively rare.

The quiescent wandering cells are present in large numbers, and
especially abundant in the periphery of the tumour (fig. 8, rul. W2.)
(Plate 1), a fact that may be brought into correlation with the con-
tinunous production of new stroma. The number of lymphoeytes present
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(fig. 8, Lme.) (Plate 1), is in excess of that in normal connective tissue,
and they are arranged around the newly formed eapillaries. Transitional
forms between lymphocytes and quiescent wandering cells are also seen,
but not in very large numbers,

Mast cells have been found both at the periphery of the tumour and,
after 8 days, in the deeper parts of the stroma, but mitotic division has
not been detected among them.  Small collections of plasma cells, mixed
with lymphocytes, are still present in fully developed growths, and some
of the small dark arveas to the right of fig. 9 (Plate 1) represent such
aggregates in a small 11-day old growth of carcinoma 27, which shows
a considerable area of degeneration of the parenchyma in the same
sitnation. Foci of small round ecells like these have been repeatedly
observed, usually in relation with areas of tumour undergoing spon-
taneous healing, Macrophages are rarely seen, and giant cells have
never been found in well-developed tumours,

Spontaneous Healing.

That transplanted tumours may disappear spontaneously was first
noted by Gaylord, Clowes, and Baeslack (7 & 8). who deseribed the
histologieal ehanges which oceur during this process as essentially an
overgrowth of connective tissue with a round cell infiltration. A detailed
deseription of the morphological features in this condition will be found
in the second volume of these Reports (2),

A re-analysis, more especially of the round cell infiltration, has given
the following result for tumour-strains 27, 32, 65, Borrel’s tumour B,
and Jensen’s tumour, all eareinomatous growths of the mamma. In
nodules of 3-5 mm. in diameter, where the provess of absorption is
well advanced, the parenchyma assumes the form of small islands of cells,
many of which appear healthy or even present mitotic figures (fig. 11,
Care. Z. a) (Plate 2).  The majority of them, however, are markedly
degenerated, sometimes oceurring in clumps (fig. 11, ) (Plate 2), m]‘:l
show indistinet outlines to their nuelel, vacuoles in their i’}'”'ll]ﬂ-“lli,l'lt‘-
Tumours which are macroscopically more advanced in this process of
healing, show t:m‘l*l..-:-;pt:lllnifllgi_\' more advanced degeneration of the
parenchymal cells (fig. 12, Plate 2), This slow degeneration must
not be confounded with the necrosis seen in nearly all tumours, and its
relation to the development of immunity will be discussed later.

The changes in the elements of the stroma in spontancously receding
tumours are the following. Eosinophile and polymorphonuclear lenco-
cytes do not appear to play anything but an unimportant part in the
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process. Where hwemorrhage occurs, the eosinophile lencocytes are
especially abundant (fig. 10, Plate 1). The Iymphoeytes (small
quiescent wandering cells) form the main mass of the reaction zone,
and extend from the centre of the tumounr over a wide area of the
sarrounding tissue (fig. 11, Plate 2). Structurally they resembie for
the greater part small lymphoeytes and small mononuelear leucoeytes,
although larger forms like large mononuclear lencocytes also oceur in
smaller number.

Wandering eells and quiescent wandering cells exhibit no special
increase until the process is almost complete, at a period when the
Iymphoeytes diminish in number. In this late stage pictures are thus
obtained indistingunishable from those figured by Maximow (13) in late
scar formation. The fibroblasts, which assume an active role only
towards the end of the process, finally, in conjunction with the wandering
cells and quiescent wandering cells, produce the ultimate cicatricial
tissue.

The plasma cells, even at an early period, are increased so greatly in
number as to present a genuine infiltration (fig. 11, Plate 2), and this
is quite characteristic of tumours beginning to show spontaneous
healing (fig. 14, Plate 2). They are especially abundant around the
vessels (fig. 13, Plate 2), but avoid the immediate neighbourhood of
the islands of parenchyma. It is only in the late cicatricial stage that
their numbers diminish appreciably, when degenerated forms such as
those seen in fig. 13 are observed. The fate of the mast cells in this
process is still undetermined, but what are apparently degeneration forms
have been seen (fig. 13, Plate 2).  Figs. 16 and 18 (Plate 2) depict the
types of macrophages seen in spontancous healing, and fig. 17 (Plate 2)
<ome of the inclusion bodies in these cells.  The number of macro-
phages present varies greatly, but thev are espeecially abundant near the
remnants of I.:lr{\nuh‘yﬂ"u or in the neighbourhood of small heemorrhages
(figs. 11 and 12, Plate 2), and in the latest stages of absorption. The
relationship between phagoeytosis and the development of immunity will
be entered into later.

In addition to the multinuclear macrophages already discussed,
fibroblastic giant cells have been met with, the histological characters
of which are shown clearly in figs. 19 and 20 (Plate 2). The production
of trune giant cells from the coalescence of carcinomatous cells has
not been observed, except in the regressing carcinomatous moiety of

a carcinoma-sarcomatodes (10) (fig. 21, Plate 2).
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The presence of hmmorrhages in the healing of tumours was noted
by the authors previously cited, but it has not been found a phenomenon
of regular occurrence ; in some tumour-strains it occurs frequently in
the early stages of absorption, in others less so, while in the later stages
of healing it is absent. The new formation of vessels does not take
place very early during healing, but is abundant in the later stages of
the process, and can be easily followed in serial sections. In most
cases the lumina of these vessels are occupied by large numbers of
lymphoeytes (fig. 22, Plate 2).

It will be seen that the process of spontaneous healing is a complicated
one, which ean be deseribed in general terms only by some sacrifice of
detail, The deseription just given, taken in conjunction with the cir-
cumstance that only living eells can induce immunity to cancer, allows
the deduction that the primary phenomenon of spontaneous healing is a
special form of degeneration of the parenchymal elements. Where
this degeneration has taken place, a reaction tissue is rapidly formed,
stimulated, perhaps, by the extravasation of red bleod corpuscles and
other elements (lymphoeytes?). That the tumour cells still possess
a certain vitality is evidenced by the occurrence of mitotic figares, but
they appear incapable of overcoming the excessive reaction, and the
final stage iz essentially the organisation of a caput mortuum. Plasma
cells, macrophages, giant cells, and many of the lymphocytes degenerate
in sitii, although some of the elements last named appear to remain as
permanent constituents of the sear tissue.

The occurrence of spontaneous healing of tumours in man is still
the subject of controversy, but the observations of Senger (27), Crosbie
(4), Gould (9), Randolph (19), Laurie Watson (29), Rotter (23),
Teacher (28), and Risel (22) speak strongly in favour of its occurrence.
Local spontaneous healing of parts of human tumours is noted in
the papers of Denecke (5), Becher (3), Pelersen (18), Schwarz (26)
and Orth (16). The changes observed by the above authors are
essentially the same as those occurring in mouse tumours, and a
similar reaction has been described by Perthes (17) in human tumours
which have been treated by X-rays or radium.

During the development of the resistance produced by the absorption
of transplanted tumours, characteristic changes were discovered in
the stroma as well as in the connective tissue at some distance from
the growth. Esamination of fragments of subcutaneous tissue,
especially fat, taken From the opposite side of the animal in which
a fairly large tumour was regressing, revealed the presence of
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aggregates of plasma cells (figs. 23 and 24, Plate 2), and their dis-
appearance at a period which would seem to coincide with the onset of
immunity. The number of extravasated lymphoeytes would appear to
be greater under similar conditions. Whether the plasma cells arise
where they are found, or metastasize from the healing tumour, is a
question difficult to decide.

The Transplantation of Cancer into Immune Mice.

The changes occurring at the site of inoculation in immune mice
have been already studied by Russell (24), and the detailed des-
eription of thess experiments conducted with a number of different
tumour-strains appeared in the Third Scientific Report. The main
conclusion arrived at was, that in immune animals the cancer cells
failed to elicit the specific stroma reaction which they induced in normal
animals.

The following series of investigations was undertaken with the view
of studying more especially the part played in immune animals by the
different classes of cells. When into mice which had proved negative
to 0:015 c.c. of carcinoma 27, and to a repeated inoculation of 0-1 c.c.
of the same tumour, small fragments of strain 27 were engrafted, the
reactions observed were similar to those deseribed by Russell, as com-
parison of fig. 25 with fig. 5, p. 350 in Russell's paper (24) will make
evident. There are present, at the fourth day, a few fibroblasts in the
neighbourhood of the graft, a certain number of quiescent wandering
cells, polymorphonuclear leucocytes, lymphocytes and wandering ecells,
but no reaction comparable to spontaneous healing. The changes
taking place in the reaction tissue can be summarised in the following

manner —

(1) The central portion of the graft necroses during the first
two days, but the peripheral portion lives for 6-8 days. The
tumonr cells lose their acinous arrangement, become drawn out,
the eytoplasm shows vacuolation, and the nuelei become hypo-
chromatic. Finally they break down and are absorbed. Tt is
probable that this long process of degeneration in immune
animals augments the resistance.

(2) Upon the other hand, if the mice do not possess a high
degree of resistance, the fragments develop for 4-6 days,
and appear somewhat like tumours undergoing spontaneous

healing.
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(3) The polymorphonuclears which immigrated in the first few
hours after transplantation degenerate in sifd, and remnants
of their deformed nuclei can be seen for 4-6 days.

(4) Macrophages are not present until very late in the process,
10-14 days ; their absence in the earlier period can be
correlated with the absence of newly developed vessels.

(5) There is practically no lymphoeytie infiltration in immune animals,
and plasma cells are also absent ; a few examples, however, have
been seen in cases where the resistance was very weak,

(6) Haemorrhages are absent, and accordingly eosinophile leucocyte
are not seen.

(7) Foreign-body giant cells are rarely seen, and only in the latest
stages ;  epithelial giant cells are frequently formed by
coalescence, but the preparations did not earry conviction that
amitosis played a part in their formation.

(8) There are no morphological changes in the general fatty and
subeutaneous tissues of immune animals during the absorption ;
all attempts to demonstrate plasma cells at a distance from the
site of inoculation have proved negative.

The histological analysis of spontaneous healing leads to the
conclusion that in close connection with the development of immunity
there is a special local and general tissue reaction ; but that the process
may be regarded merely as a foreign hody reaction, is a view quite
untenable, for in the latter the lymphoeytic infiltration is never so
marked nor, according to Maximow (14), are plasma cells ever found
in the foreign body reaction of the rat. Thus the reaction in the fatty
and subcutaneous tissues of an animal developing resistance finds no
parallel in the encapsulation of a foreign body. The marked leucocytic
and plasma-cellular infiltrations, and perhaps also the development of
macrophages, play an important part in the development of immunity ;
the other tissue elements do not appear to have the same significance,

The failure of the stroma reaction in immune animals is from this
standpoint of great importance, for the observations now under con-
sideration allow the conclusion that during the development of immunity
there is a special change in the connective tissues. If the process of
immunisation were merely the exaggeration of natural forees of
resistance in the animal, a more marked reaction would be expected.
This, however, is not the case, for in immune mice the grafts are treated
more as if they were constituent parts of the body—sit venia verbo, It

F2
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is only in the late stages when the cancer cells hiave disappeared, that a
reaction takes place which is indistinguishable from ordinary healing.

The objection might still be raised that a spontaneously healing
tumour is a foreign body in point of size, when compared with the
minute dimensions of a tumour graft, and that the peeuliar character
of the reaction in the former case might be determined solely by the
large amount of tissue to be absorbed. Special experiments have
therefore been made to decide the validity of such objections.

A. Imoculation of Killed Tumour-cells,

The observations published by Haaland (10a) show that when
tumour cells, or other elements capable of inducing immunity, are
mechanically disintegrated, they are no longer eapable of eliciting
resistance ; and as the development of immunity appears to be clozely
connected with the presence of special elements in the reaciion tissue,
their absence would be expecied after inoculation of killed material.
Tumour 63, frozen and ground, was inoculated into three batches of
mice, ong group receiving 0°01 e. ¢, subeutaneously, and two others,
(*1 ¢. ¢. The inoeulation site and the subeutaneous tissues were
examined at intervals between 24 hours and 19 days.

No (r_h“]]g{_fﬁ are discoverable in the gl}llm‘Ell subeutaneous tissues,
and the collections of plasma cells found in spontaneous absorption
are absent.

The process occurring at the inoculation site is the same whether
large or small doses of frozen tissue have been introduced, except that in
the latter ease it terminates sooner.  During the first twenty-four hours
there is an extreme immigration of polymorphonuclear leucocytes, but
the ]}'Illiﬁilﬂuj'l{"-'r' are few in number. As fig. 26 (Plate 3) shows, the
1ml_wnm'phmuuulenr leucocytes are breaking down after two days, while
the fibroblasts have inereased in number, contain many mitoses, are more
sharply outlined, and form a broad zone between the inoculated material
and the normal subeutaneons tissue. A few quiescent wandering cells,
lymphocytes, and polymorphonuclear leucocytes are present in this
reaction tissue, as well as a few apparently degenerating cells with
metachromatic granules (fig. 27, Plate 3). No plasma cells, macro-
phages, or giant cells are present.

[n the succeeding periods, the fibroblasts and the quiescent wandering
cells gradually undergo a change indistinguishable from the healing
process around a foreign body. Careful search for plasma cells failed
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to reveal their presence at any period, excepting only one case in which
a firm fibrous nodule of the inoculated material persisted for sixteen
days, and had become surrounded by a ring of fibroblasts containing
a few plasma cells. The lymphoeytes are slightly increased in number
in the earlier stages, and later they appear to change into wandering
cells and take part in the final cicatrisation. In number they never
approach that sesn in spontaneous healing.

The charvacteristic feature of the reaction around killed material
is the proliferation of fibroblasts.

B. Inoculation of Spontaneouns Carcinomata.

When grafts into normal animals, of a spontaneous adeno-carcinoma
(tumour 207) were examined, it was found that the majority of the epi-
thelial cells were degenerated after five days, and the reaction tissue
showed numerous newly formed capillaries containing lymphoeytes. By
ten days the site of inoculation was scarcely recognizable from the neigh-
bouring tissue. In the case of a spontaneous hwemorrhagic carcinoma
(tumour 285), macrophages appeared at the periphery of a graft as soon
as 24 hours, but, after two days, were to be found only around the
degenerated red blood corpuscles introduced with the graft. Serial
sections of connective tissue remote from the site of inoculation revealed
the presence of small aggregates of plasma cells, which were found best
7= days after inoculation,

C. Inoculation of Cancer of a Strange Species.

The growth of a mouse tumour for a certain period in rats was first
deseribed by Ehrlich (6), and later studied by Russell (24). The latter
author also pictured the rapid destruction of a graft of mouse tumour
in a vat previously treated with an immunising dose of mouse tissue.
The reverse procedure, i. e. the inoculation of a rat tumour (Flexner-
Jobling adeno-careinoma) into a mouse, will now be described. When
grafts are inoculated into normal mice, the epithelial cells proliferate
for 6-7 days, and then degenerate in the manner deseribed in
spontancous healing.  The early invasion of polymorphonuclear
lencocytes is followed by a later one of lymphocytes, which, at the Tth
day, infiltrate a wide zone of tissue around the graft (fig. 28, Plate 3),
A limited number of plasma cells lie amongst the lymphoeytes. The oid
stroma introduced with the graft degenerates rapidly, but no new
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stroma is elicited by the graft, and the tumour cells rapidly lose their
acinous arrangement. In the later stages the macrophages, giant cells,
and fibroblasts behave as in spontaneous absorption. Investigation of
the subeutaneous tissues of distant areas again reveals the presence of
collections of plasma cells (fig. 30, Plate 3), which, however, disappear
after 15 days.

The changes observed when the grafts of this rat tumour are
implanted into mice inoculated 18 days previously with a fragment
(0-005 grms.) of the same growth, are as follows :(—

The epithelial cells both at the centre and periphery of the fragment
degenerate more rapidly than in normal mice. The polymorphonuclear
lencocytes remain longer in the graft than they did in the case of
normal mice, and can still be detected at the 4th day around the
degenerating parenchyma cells (fig. 29, Plate 3). Lymphocytes invade
the graft during the first 24 hours, but their numbers do not increase in
the following days, and finally they are converted into large wandering
cells.

Although plasma cells have not been seen in the reaction tissue
around grafts in these mice, there are a few elements resembling them in
many respects (fig. 35, x, Plate 4). The cytoplasm of these cells is less
abundant, and contains small metachromatie granules, while the particles
of nuclear chromatin are not stained so deeply as in the ease of plasma
cells, and it is probable that these cells are lymphoeytes containing
azur granules.

About the 2nd day a formation of new capillaries takes place
around the graft, but these penetrate into it only after 5--7 days, when
the parenchymatous cells are already completely degenerated. Syn-
chrononsly with this development of blood vessels, macrophages appear
in the preparations, following the distribution of the capillaries.

The general appearance of a graft on the Tth day is shown in fig. 20
(Plate 3), in which is depicted the small central area of necrosis, sur-
rounded by a zone of reaction tissue not unlike that in a normal mouse
(fig. 28, Plate 3). When examined under a high power, however, this zone
is seen to be composed internally of macrophages (fig. 34, a, Plate 4), and
externally of scar tissue (fig. 34, b, Plate 4), while that in a normal mouse
(fig. 36, Plate 4), consists largely of lymphocytes and plasma cells.

The fibroblasts show early and rapid proliferation, appearing as groups
of distinct enlarged cells, as shown in fig. 32 (Plate 4), drawn from
a two-day old preparation. They are especially well marked at sites



71 Immunisation with embryo skin.

where the necrotic parts of the graft border directly on the host’s
tissues.  After the first and second days peculiar cells with red
metachromatic granules in their eytoplasm are present (figs. 32 and 33,
Plate 4), some of them recalling those seen after the inoculation of
killed material (fig. 27, Plate 3), while others have a very different
appearance and frequently show mitotic figures (figs. 32, ¢ and 33, ¢,
Plate 4).

D. Immunisation with Embryo skin.

Sinee preliminary inoculation of homologous embryo skin renders
mice resistant to the implantation of a tumour, an investigation was
made of the reaction which oceurs around a graft implanted inlo mice
previously treated with this material, and also that surrounding
fragments of skin inoculated into normal mice., After the inoculation
of embryo skin into normal mice there is an abundant immigration of
polymorphonuclear leucocytes and lymphoeytes, and at the same timo
many rounded quiescent wandering cells appear (fig. 37, Plate 4). Not
a few of the last named elements exhibit mitotic figures (fig. 38,
Plate 4). After 48 hours the fibroblasts begin to divide, and a certain
number of the immigrated lymphoeytes are transformed into wandering
cells (fig. 40, Plate 4). The proliferation of all these elements leads
after 5T days to the formation of a capsule around the implantation,
containing here and there small accumulations of Iymphoeytes., OF
special interest, however, are certain cells with a evtoplasm similar to
that of the quiescent wandering cells, some of them provided with a
dark, coarsely granular nucleus (fig. 39, a, Plate 4), while in others it is
pale and irregular (fig. 39,5, Plate 4). Plasma cells do not appear
until about the 20th day, but thereafter persist until the graft has
almost completely disappeared (fig. 42, Plate 4). Fragments of
inoculated embryo skin persist for a long time, and can be found after
68 weeks, in the form of small cysts containing some macrophages.
The reaction around a tumour graft implanted in a mouse treated with
mouse embryo skin (0:05 c. ¢. on two occasions six weeks previously),
is the same as that described in mice immunized with tumour tissue.
If there be a difference, it lies in a somewhat stronger lymphocytic
immigration in the former case. When the first injection of embryo
skin is followed by a second, it has been noted that the epidermal cells
of the second inoculation die more quickly, the lymphoeytic reaction is
weaker, and plasma cells are absent.
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E. Immunisation with Blood.

In normal mice plasma cells appear as soon as 48 hours after the
inoculation of blood, their numbers are increased in the succeeding
days, until on the 4th, small collections of plasma cells can be found in
every section. Where the inoculation of blood has been repeated,
examination fails to reveal the presence of plasma cells after the
second inoculation.

Fragments of coagulated blood have also been inoculated into mice
immunised with tumour tissue, but here plasma cells conld be found, as
fig. 43 demonstrates *.

Summary.

A general survey of the experiments shows that the development of
immunity is accompanied by a general reaction of the connective tissue
throughout the body. The results may best be given by following the
changes which each class of cells has undergone under the various
conditions of the experiments. It may be noted that an examination
of the hemopoietic system has not been conducted.

(1) The polymorphonuclear lewcocytes. These are the first to appear
at the site of inoculation. Under aseptic conditions, they exert no
apparent phagoeytic action, but degenerate rapidly in sitd. Some of
them enlarge, and seem to remain as permanent constituents of the
stroma of the new tumour. They do not appear to stand in any
determinate relationship with the development of immunity, but behave
in the same way under all the conditions examined. Their action is
mainly to prepare the soil for other cell types, and to facilitate the
absorption of dead cells and necrotic débris. This view accords well
with the findings of Schultze (25), who used the indo-phenol blue
synthesis as a method of analysing cellular processes.
¥ (2) The lymphocytes (small amoboid wandering cells of Maximow,
ungranulated leucocytes of Weidenreich (30)). These appear in large
numbers around the inoculation site during the development of im-
munity, and decrease, gradually, in number.  Their intimate connection
with l:luz« development of immunity appears certain, as thﬂ_v are always

* The repetition of this experiment with carcinoma 206 which induces a strong
active immunity has failed to confirm this observation. If a fragment of blood-clot
be inoculated into mice previously immunised with strain 206, and the subcutaneous
tissues examined on the sueceeding days, aggregates of plasma cells cannot be

detected.
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found in abundance after the inoculation of any tissue capable of
inducing the resistant condition, They do not reappear, or do so
only in small numbers, when such an ineculation is repeated on an
immune animal, Killed tissue fails to elicit a lymphoeytic infiltration,
and this can be correlated with its failore to induce immunity.
Variations in the amount of living tissue injected do not appear to have
any influence upon the intensity of the lymphoeytic reaction, Small
groups of lymphoeytes in tumours that are growing well, are found
only in areas of spontaneous healing. Healthy cells on the one hand,
and neerotic masses on the other, eall forth no lymphocytic reaction ; it
would appear to be determined rather by a speeial stage of the process
of necrobiosis, and it may be supposed that the lymphoeytes have been
specifically affected, and play a part in diffnsing the resistance through-
ont the body. The rapid accumulation of lymphocytes within 48 hours,
and the rarity of examples dividing by mitosis foree one to conclude
that they arve derived by a process of diapedesis from the blood-
vesaels,

(3) The plasma cells. The circumstance that these are also found
in areas remote from the site of inoculation during the production of
immunity, speaks strongly for their having an intimate relationship
with its development. At the same time the wide distribution of these
elements thronghout the tissues makes it appear that the immune
reaction against cancer is a general rather than a loeal phenomenon.
The presence of plasma cells may he looked upon as the morphologieal
expression of a defensive mechanism.

(4) The macrophages.  These appear at the site of inoeculation
concurrently with the newly 11{11.'(;11}.[1&] vessels, and their Illlugnc:l."[iu
powers seem to be directed more against partially destroyed cells than
against cell detritos.

(9) The mast cells, These do not appear to play anything but a
passive part in the various processes. The peculiar elements containing
metachromatic granules, and pictured in figs. 27, 32 and 33 (Plates 3 & 4),
require a few exp.anatory remarks. Some appear to be degenerated
mast cells (¢f. figs. 15 and 27, Plates 2 & 3), but others have more the
appearance of large lymphoeytes which have taken up the granules
of =uch corpuscles (figs. 32 and 33, Plate 4) : in favour of the latter
view is the actual presence of ingested cell fragments (fig. 33, ¢, Plate 1),
It is impossible to decide whether the dividing cells shown in figs, 32, ¢
and fig. 33, a (Plate 4) are mast cells or lymphocytes.

(6) The jibroblasts. These cells do not appear to have a definite
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relation to the induction of resistance. Inoculation of grafts of a
earcinoma into immune mice has already shown that the carcinoma cells
are robbed of their power of inducing the fibroblastie and angioblastic
reaction wheh is charaeteristic of their establishment in normal animals.
Preliminary inocnlation of an animal with killed material does not
suppress this reaction to a subzequent inoculation of tumour.

(7) The other connective tissue elements, resting wandering cells,
giant cells, ete., do not appear to possess a definite bearing upon the
induction of immunity.
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EXPLANATION OF THE FIGURES.

ABBREVIATIONS.

Cure, Z, =Carcinoma eells, i Lke. =Polymorphonuclear leucoeyte.
Laik,  =Endothelial cell nucleus, Rz, =Giant cell.

Eos. Lke. = Bosinophile leucoeyte, rieh. Wz, =Quiescent wandering eell.
Ere. = Eryvthroeyte. Wz = Wandering cell.

Fbl. = Fibroblast.

L. = Lumen of blood vessel, Ale. = Absolute aleohol,

Lme. =Lymphocyte, 2. = Zenker's fluid,

Mk, =Macrophage. MU,  =Polychrome methylene blue,
Mz, = Mast cell. Az, = Azur 11 solution.

¥ oA = Cell débris, . =liiemsa-Romanowsky stain.
Piz. =DPlasma cell. I.A.H. =Iron-alum hematoxylin,

All the figures are taken from cancer cells or connective tissue elements of the
mousge or of rat tumour cells in the mouse, and drawn with the Abbs-Zeiss camera

lueida.

Fig. 1.
Fig. 2,

Fig. 3.

Fig. 4.

o

Fig.

Fig. 6.

=

Fig.

Fig. 8.

Fig. 9.

Fig. 10. Spontaneous healing of earcinoma 66, 4, G, x

Fig. 11. Spontaneous healing of carcinoma 65/24 B.  Ale, Mbl. x 3

. Normal fat cell. Ale, Az. x "

Prate 1.

Normal fibroblasts, Ale, Az 1%

Normal connective tissue elements, Ale, Az, X T"l'(".

(Quiescent wandering cells of normal subcutaneous tissue: a, with deep-blue
staining granules ; b, ¢, d, ¢, without definite granules.  Ale, Az, x -"1'“'_

Lymphoeytes from normal subeutaneons tissue. Ale, Az, x ?'I"J,

T

FEosinophile leucocytes, polymorphonuclear leucocytes, and lymphocytes near

a small hemorrhage.  11-day tumour of carcinoma 27. 4, G, x ":5"".

Formation of new stroma in * early stage” (4 days) of carcinomn 27. Borrel,
LAH xZ°

Connective tissue elements in a small area of spontaneons healing in the
capsule of a fully developed carcinoma 65. 7, Weigert’'s hematox,, v,
Gieson, x '

Low-power view of 11-day graft of earcinoma 27. Partial degeneration of

the parenchyma and corresponding reaction.  Ale, Mbl. X “1:'
kL1
L

Prate 2.
250

Fig. 12, Degenerated earcinown cells surrounded by macrophages; carcinoma 32/51 A,

Ale, Mbl.  x ™,

Fig. 13. Spontancous healing of carcinoma 65/24 Ib; plasma-cells and lymphoeytes

around blood vessels, Ale, Mbl, x %%
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Fig. 14. Commencing spontaneous healing in carcinoma B, showing overgrowth of
stroma and collections of plasma-cells. Ale, Mbl, x Ea

Fig. 15. Degenerated mast eells with red and blus grannles. Spontaneons healing
in carcinoma 65/24 B.  Ale, Mbl. x l“:‘",

Fig. 16. Manrl?ﬂmgeé. Spontaneous healing of carcinoma 6524C,  Ale, Mbl,
X —

Fig. 17. Hﬂ.uml]ﬂuq;mt which have ingested cell débris,  Ale, Mbl. x ":""".

Fig. 18 Giant eell formed by coaleseence of macrophages. Carcinoma 65/24 C,
Ale, MbL. > M,

Fig. %g{. Foreign-body giant cells, Sarcoma 92/14 B.  Ale, Az. x '."f"".

n 20.

Fig. 21. Part of an epithelial giant cell in the mixed stage (carcinoma-sarcomatodes)
of 37/10 A, Ale Az, X ]l-'lr’".

Fig. 22, Newly-formed capillavy filled with lvmphoeytes. Spontaneous healing of
carcinoma 65/21 (. Ale, Mbl. =x 'ff;l-f-".

Fig. 23. Spnnfﬂnmus healing in carcinoma J/139 B ; thres plasma cells in adipose
tissue at a distance from the tumour. Ale, Az, x 1_“.:‘.",

Fig. 24. Same material as fig. 23. Plasma cells in fat and in perivascular space
Ale, Az, x ]-”;'“.

Prare 3.
Fig. 26. Early stage of carcinoma 27 in immune mouse four days after inoculation.

Note slight amount of reaction. Ale, Az, X T'I".

Hypertrophy and multiplication of fibroblasts two days after inoeulation of
carcinoma 63/25 A, killed by freezing and grinding, a, necrotic tissue ;
O FP
b, layer of fibroblasts. Ale, Az. X E'-T’

Figr. 26,

=

Fig. 27. Degenerating mast eells (F). Same material and method as fig. 26, x “m_

Fig. 28, Low power view of whole graft of Flexner rat earcinoma in a normal mouss
seven days after inoculation. Very extensive and intense lymphocytie
reaction. Ale, Az, X ?

Fig. 20, T-day graft of Flexner rat earcinoma in a mouse previonsly immunised
with this tumour. Total degeneration of the parenchyma, reaction tissue
consisting mainly of macrophages and polymorphonuclear leucocyvtes
restricted to the immediate neighbourhood of the graft.  Ale, Alz. x %,

Fig. 30, Gioup of plasma eells in adipose tissue at a great distance from an 11-day
gralt of Flexner rat earcinoma in a normal mouse, Ale, Az, % '"IM.

Prate 4.

Fig, 1. Quiescent wandering cell in mitosis. From the n:npguh:- of & gu.-.:-.-l]n}- oralt
of carcinomin 285. Ale, Az, x !0

Fig. 32. Large fibroblasts and cells containing metachromatie granules from the
capsule of a 2-day graft of Flexner rat carcinomwa in a mouse immunised
with the same tumour. %, Mbl, x %,

Fig. 33. Cells with metachromatic granules. o, in mitosis; b degenerating ; ¢, with
ingested polymoerphonuclear leucoeyte. 7, Mbl. ¢ 1'%
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Fig. 84. Reaction around 7-day graft of Flexner rat carcinoma n Flexner-immune

Fig.

Tig.

mounse. Two zones are seen : a, inner zone of macrophages ; b, outer zone
of polymorphonuclear leucocytes and fibroblasts, Ale, Az. X ‘?’5

. 35, Cells (x) with Azur granules from the same preparation. X “'f‘“.
. 36. Elements comprising the reaction tissue around a 2-day graft of Flexner rat

carcinoma in a normal mouse ; lymphocytes, plasma cells, and a few fibro-
blasts, Ale, Az. X ".";"5.'.

x. 37, Quiescent wandering cells in spherical condition. From the reaction around

an implantation of mouse embryo skin 24 hours after incculation.  Borrel,
I.A H. 4 1l.'l:5-|'lh

g. 38, Enlarged lymphocytes and quiescent wandering cell in mitosis. Same

105

0

material as in fig. 37, x

. 89, Two forms of guiescent wandering cell, Same material as preceding.

Tl

1
. 40. Wandering cells around an implantation of embryo skin, 48 hours after

inoculation. DBorrel, I, A, H, :-L"'llm,

. 41. Young secar tissue around an implantation of embrye skin B days after

inoculation. Borrel, LA, H, x '"I"".-‘,

42, Plasma cells from capsule of an implantation of embryo skin 30 days
after inoeulation. Ale, Az, % lij“ﬂ’,

43. Plasma cells in subeutaneous tissue 4 days after inoculation of defibrinated

mouse blood in a mouse previously immunised with earcinoma, Z, Mbl,
1050
x _11
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ON THE IMMUNISING POWER OF THE PLACENTA,
BLOOD, EMBRYONIC SKIN, MAMMARY GLAND,
AND SPLEEN OF DIFFERENT SPECIES AGAINST
CARCINOMA OF THE MOUSE.

By 8. HIGUCHI, M.D., Tokva,

A ¥ew field of experimental and bivlogical investigation bearing upon
the nature of cancer was opened up when it was demonstrated that
the inoculation of tumour tissue, and also of normal tissue of the
same species could induee resistance to the implantation of mouse
eancer in mice. There arose at once the yuestions, whether the resist-
ance induced in these two apparently different ways was identical in
its nature or not, and whether the tumours and tissues of alien species
were endowed with an equal or similar power to indace resistance.
The first question appears to have received a satisfactory answer from
the investigations conducted in this laboratory and cl;-ue'l.t'hc-ﬂ-. The
properties by virtne of which homologous normal or tumour tissues
induce resistance to the implantation of cancer of the same species
averlap to a lurgu extent because of the properiies Lhn-:; possess gud
properiies common to the tissues of the species of animal. There are,
however, in addition, subtle differences both among the tnmours and the
normal tissues as regards their powers of inducing resistance. For
some this property is evidenced in higher degree than for others,
without, however, manifestation of anything incompatible with the
VIEWS ihat tumour Iiﬁ:‘:ll{', e i nf t}h" Touse, [-. l_u}tl-ll'ﬂ ‘.n”"fi nmonse Ti.‘i:-'LH",
and that tumour tissue and normal tissues induce a certain degres of
resistance which is common to both, and certain higher degrees which
are specific for particular tumours or tissues,

In regard to the second question, it was found that e, g. the blood of
rabbits and guinea-pigs did not possess the power to protect mice
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against the inoculation of mouse caneer, and that if rat blood possessed
any such property it was only o a very slight degree. Clorresponding
observations made with tumours of alien species appeared fully to agres
with the observations made with blood and other heterologous normal
tissues,

These two sets of observations seemed to go a long way towards
excloding the intervention of a virus common either to the new
growths of distinet species of animals or even to those of a single
species.  However, experiments leading other workers to opposite
conclusions have not been wanting, The result of their conclusions
i, in extreme cases, to assign both to normal tissue and to tumour
tissue of widely removed species, a power of induecing in mice resistance
to the implantation of mouse cancer equal to that possessed by the
tissues and tumours of the mouse. In short, these observations
are calculated to establish, on the one hand, a p
tacitly understood by some—common to all malignant tumours of
whatever species, by virtue of which they induce resistance, and, on the
other hand, an inability to distinguish the normal and the lmtlmlntrlml
tissues of different species in respect of this property. Schine (10),

addition to inducing resistance to the implantation of mouse
cancer by means of mouse embryonic tissue, stated, with cautious
reservation, that he had obtained a similar result after treating mice
with fowl embryos and human mammary cancer. Carl Lewin (7)
stated that rat carcinoma protected mice against the inoculation of
mouse cancer. Isaae Levin (8) found that skin and spleen of mice
protected rats against rat sarcoma, and Apolant (1) made a categorical
statement that he was able to induce resistance with alien blood.
Moreschi (9) found that the mammary gland of the rat, while efficaciouns
against one mouse carcinoma, was without effect against a second.
Lactating g:tilltzl—lnig mamma was also active but not in so high i

degree as mouse mamni.

The present investigation is limited to endeavouring to clear up
the contradictory statements as to the aciion of normal tissues of {he
same (homologous) species and of alien (heterologous) species when
used to induce resistance to the implantation of cancer in mice,

Mernons oF Iavuxisivg ANp TestivG.

I shall first indicate the method T employed, since different results
Lhave been recorded by those observers who have investigated the



81 Methods of Immunising and Testing.

powers of tissues of alien species to produce immunity or resistance to
the inoculation of tumours. It is probable that some of the differences
in the results recorded by the various authors are due to variations in
method, sinee uniformity has not always been maintained. The methods
are those usnally emploved in the laboratory of the Imperial Cancer
Research Fund and already deseribed in previous Reports. The tumour,
after aseptic removal, is reduced to a fine emulsion. Should neerotie
portions be present, they are carefully removed, as is also the con-
nective tissue capsule, to insure a uniform emulsion for inceulation,
To obtain aceuracy and uniformity of dose the emulsion is inoculated
by a ealibrated glass syringe. Normal-tissues, when used in immunity
experiments, are emulsified in the same way. DMice are selected
as similar as possible in age, condition of nourishment, and weight.
Age, body-weight, variety, nutrition, site of injection, the nature
and amount of the fissue emulsion as well as the doze of tumonr
used to test immunity, have all an influence on the result of such
experiments,

In testing the immunity, the amount of tumour used should not be
large, becanse of the risk of causing simultaneous immu nity : I generally
used 001 c.c.or 0002 ce. In order to induce immunity, I injected
01 c.e. of tissne emulsion and 05 c.c. of defibrinaled blood. As
regards the sites of inoeulation, solid tissues were deposited in the
axilla, and blood was injected under the skin of the back, the
puncture being closed with a small clamp to prevent leakage, and
absorption assisted by gentle massage for a few minutes, After the
lupze of a sufficient number of days the testing inoculution of tumonr
was made in another site, preferably the axilla.  The number of days
between the two inoculations varied according to the variety of tissue,
For those which were absorbed speedily the interval was short, and
long for those absorbed slowly. As shown in fig, 1, the results of the
testing inoculation were first recorded on the tenth day, and there-
after every week until the fourth or fifth charting, that is, till the thirty-
first or thirty-eighth day after inoculation of the tumour. Those siios
which presented a tumounr on the last day are regarded as positive, as
are also those which, althongh dying during the course of the obser-
vations, presented clear evidence of the development of a tumonr,
Indurations resembling early tumours were counted negative if
ahsorbed without inerease in size, and the mice incinded with those in

which no tamours developed.
(i
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[”” | |" 10 em.  Seale to show degree of reduction of chart.

Fra. 1. Shows high degree of immunity induced by preliminary treatment with mouse
placenta, less with mouse blood, and absence of immunity after treatment with

the corresponding rat tissues.
[Exp. T/20 E.
the 20th April, 1910 ; on the Gth May 0-02 c.c. of carcinoma was transplanted in
right axilla, and on May 17th the first charting wns made. ]

—The mice were treated with placenta 011 e.e. and blood 05 c.e. on



83 Immnunisation with Placenta.

Cax THE PLACENTA INDUCE ImMmuUxITY ?

Bashford, Murray, and Cramer (2), Schiine (10), Borrel (3), Bridré (4)
and other investigators demonstrated immunity after previons treatment
with normal (visceral) tissues, and I extended these observations to
include the placenta (Table I. and fig. 1), both homologous and hetero-
logous (rat and guinea-pig). Since the placenta consists of spongy
tissue, and contains a large quantity of blood, in the event of immunity
following its inoculation it would have to be ascertained whether this
result was due to the placental tissue or to the centained blood. For this
reason experiments were devised so that blood alone and placenta were
injected on the same date into parallel series of mice. On one oceasion
placental tissue was used from which the blood had been removed by
washing in physiological salt solution, and its powers of immunising
estimated. Carcinoma T was employed to test the resistance, and
seven series of experiments were performed. Table I shows that
in the control animals the average number of tumours developing in
the seven experiments was 64 per cent., while in those immunised
with placenta the number was 18 per cent. This result shows that
placenta plus its contained blood is able to induce a strong degree of
resistance. In the mice immunised with blood alone 40 per cent.
developed tumours. Although this fact clearly shows that blood induces
protection, nevertheless it is very faint as compared with that induced
by placenta plus blood, the strong immunising power of which is not
due solely to the blood contained in it. DMoreover, placental tissue
washed free from blood by normal saline has also a strong immunising
power. However, this experiment was performed only once, and the
exact extent of immunising power cannot be estimated from a single
experiment. The experiment suffices, however, when taken in con-
junction with the others performed without removal of the blood to
show that homologous placental tissue possesses the power to induce
resistance. This power appears to be less than that possessed by the
skin of the embryo, or the mammary gland (e/f. Tables 1., IT. & I11.).

In corresponding experiments performed with the placenta of rats,
23 per cent. of tumours were obtained, and in the case of gninea-pig
placenta 63 per cent., as compared with the G4 per cent. obtained in
normal control animals, Therefore, when eontrasted with the 18 per
cent. of tumours obtained after injection of mouse placenta, the placenta

of the gninea-pig seems to have no power to induce immunity against
G2
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85 Failure of Tissues of Strange Species to Immunise.

the inoculation of ecarcinoma of the mouse, and that of the rat
very little.

In the above experiments the immunity to carcinoma T was already
present ten or eleven days after inoculation of the homologous placenta,
For a squamous cell carcinoma, tumour 32, the yield was 38 per cent. in
the conirol and 24 per cent. in mice treated with homologous placenta,
Tumour 219, a sarcoma, gave 30 per cent. in the control but no tumours
in sixteen mice after treatment with placenta. It thus appears that
homologous placenta immunises not only against various carcinomata,
but also against sarcoma.

Have tae Tissves oF HereroLocous Sprecies THE Powen
o IMMURISE AGAINST Mousg CARCINOMA?

In view of the inconclusive results of the previously recorded
experiments dealing with this question in a rather fragmentary manner,
similar investigations were instituted on a large scale with a variety
of tissues.

For the sake of comparison placenta, blood, mammary gland,
embryo skin, and spleen, of mice, rats, and guinea-pigs were employed
for the preliminary treatment of mice. Carcinoma T was used to
test the effect following the injection of placenta, blood, and spleen,
Carcinoma 91 was similarly used in the case of mammary glands and
embryo skin, and carcinoma 189 was employed to test the effect of
spleen. The dose of tumour was settled at 001-002 c.c., and that
of immunising tissue at 0°3 e.c. for defibrinated blood, and 01 c.c. for
other tissues. The number of days elapsing between the injection of
normal tissue and the testing inoculation of tumour varied from 10-14
days, except that in the case of embryonic skin the interval was
increased to 21 days, because it was absorbed more slow ly.

Placenta. (Table I.)—The result obtained with carcinoma T showed
64 per cent. of tumours in the control, and only 18 per cent. after the
injection of mouse placenta, whereas there were 55 per cent, and 63 per
cent. of tumours after treatment with rat and guinea-pig placenia
vespectively. Although the difference in the case of rat placenta may
appear to indicate a slight immunity, it is too small to permit of a
definite conclusion. Guinea-pig placenta clearly possesses no power
to induce immunity.

Blood. (Table I.)—As the experiments were performed at the same
time as those with placents, the same tumour material was used for
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testing, and the same control served for both series. Tumours developed
in 40 per cent. of the mice which had received a preliminary injection
of mouse blood, as against 64 per cent. in the control, while in those
which had received an injection of rat or guinea-pig blood there were
77 per cent, and 71 per cent. of tumours respectively. Therefore not
only had the blood of these alien species no power to induce immunity,
but, on the contrary, its injection rather enhanced the suitability of the
mice for inoculation.

Mammary gland. (Talle II.)—In the control mice 61 per cent. of
tumours developed, but only 15 per cent. in those previously treated
with mouse mamma. There was thus an obvious immunity induced.
l."(ﬂl-:}“‘iltg treatment with rat mamma, however, 62 per cent. of
tumours developed, which indieated an absence of resistance in the
treated mice. Where injection of guinea-pig mamma bad preceded
tumour inoculation, there were 56 per cent. of tumours, a difference
too slight to prove definite resistance,

Embryo skin. (Table IIL.) —1In the control series 57 per cent. of
tumours developed, but after treatment with mouse skin only 14 per
cent., indicating marked immunity. On the contrary the injection of
guinea-pig skin induced no immunity, there being 59 per cent. of
tumours in the treated animals. After injection of rat skin, however,
only 33 per cent. of tumours developed, a circumstance suggesting
that a certain degree of immunity had been induced.

Spleen. (Table IV.)—Two earcinoma strains, 199 and T, were used to
test the immunising power of splenic tissue. The control for 199 gave
838 per cent. of tumours, us against 60 per cent. in the animals treated
with mouse spleen. There was 84 per cent. and 80 per cent. after treat-
ment with the spleen of rat and guninea-pig respectively, the differences
being too slight to establish the occurrence of immunity. The control
for carcinoma T yielded 86 per cent. of tumours, and only 21 per
cent. in the mice previously treated with mouse spleen. Thus, although
the results of control experiments for both tumour strains were the
same, there was a stronger degree of immunity induced against one of
them. Carcinoma T gave 47 per cent. of tumours in mice treated with
rat spleen and 78 per cent. in those treated with guinea-pig spleen.
Therefore the former had induced some immunity and the latter none.
It will be recognised from the fact that mouse spleen had a strong
power of immunising ngainst carcinoma T, and only a weak one against
199, ihut there is a difference in the susceptibility of different carcino-
mata to resistance,
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80  Comparison of Tissues of Different Species.

Comrarisoxy oF THE Tsmmusising Power oF Normarn Tissves,

The figures given in Table V.show that the number of tumours
developing varies in normal healthy animals independently of any
preliminary treatment. The lowest percentage in the control mice
in the table is 57 and the highest 88 per cent., giving an average of
69 per cent,

TasLe V.—TrE (loMpanrisox oF THE Imyuxising PowER oF
2ACH AvimaL Tissug.

Control. Mouse. Hat. Guinea-pig.

2 78 16 o a1 : o7 -,

Placenta. (T ..... T B4 & 18 i 55 T 'Bﬁ'
3 75 a3

Blood.  {TY .. i o & 40 i 77 = 71

Mammary Gland. (91) 12 a8l 14 15 4 82 L 56
e A 18 | o [T 31

Embryonic Skin. (1) 5.& 57 - 14 H 83 :*l’ 50
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Spleen. (108) ........ =F | B8 B 60 i 84 = 80
: A0 T 1+ uH

Bpleen. (T) covvevenr e 5 Ba o a2l w5 47 s T8
= ) 115 214 195
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The employment of a variety of mouse tissues, and of several different
earcinomata, demonstrates that homologous tissue has always a strong
power of immunising, an average tumour yield of no more than 27 per
cent. occurring after such treatment. Moreover, in not one of twenty-
seven experiments did the percentage of tumours rise to that in the
contrcl animals, The skin of mouse embryos has the strongest
immunising power, but it would be unsafe to generalise too freely from
this result since the tomours tested differed among themselves, Of the
other homologous tissues, the mammary gland, the placenta, the spleen,
all show marked immunising powers and the bloed least of all.

The heterologous tissues do not act in this way. After the injection
of rat tissue the average yield of tumours iz about the same as that
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in the controls, although occasionally smaller. Hence, while rat tissues
do not constantly exhibit that strong power of immunising mice
against mouse carcinoma which is characteristic of homologous tissue,
still the oceasional presence of a weak immunity eannot be denied.

The other heterologous tissues, viz. those of the guinea-pig, are
devoid of immunising power, for the percentage of tumours developing
after their injection, agrees with that found for the series of controls.
Such experiments were performed seventeen times. A yield of tumours
greater than that in the control series appeared eight times, and a
smaller number oceurred nine times. Therefore, although the tissues
of the guinea-pig appear occasionally to have a power of immunising,
yet this is weak in comparison with rat tissues, and never exceeds the
probable experimental error so that they may be said to have no such
power.

Do Deap Tissues Possess tHE Power 1o Ixpuce Immusiry ?

The solution of this problem has already been attempted by several
authors and maost recently by Haaland (6), who destroyed normal and
tumour tissue by mechanical disintegration or radium, and found that
killed homologous tissues had not only lost their power to induce
immunity, but, furthermore, that they elicited a tendency toward the
augmentation of tumour growth, Flexner and Jobling (5) had pre-
viously stated that rat tumour tissue after being killed by heat produced
no immunity against rat earcinoma, but on the contrary made animals
more suitable for implantation, It was deemed desirable to compare
the effects following the introduction of dead heterologous tissue.

The lactating mammary glands of mice, rats, and guinea-pigs were
ground in a mortar immersed in ice and salt mixture until no intact
cell could be found on examining a drop of the emulsion under the
microscope, the process usually occupying 3 or 4 hours. The turbid
semi-fluid mass obtained in this way was injected into the subeutaneous
{issue of mice, and the effect tested after a certain number of days in
the manner recorded in Table II.  Carcinoma 91 yielded positive
results in 61 per cent. of the control mice inoculated, and 62 per cent.
in those treated with killed mouse mamma, 94 per cent in those
treated with killed rat mamma, and 65 per cent. in those treated with
killed guinea-pig mamma, Dead heterologous tissues, therefore, have no
power to induce immunity, but, on the contrary, the yield of tumours
tends to be increased after their introduction.



91  Immunising Power of Dead Tissues. Dose and
Time Interva
Tae Errecrs oF Variarioxs ix Dose axp Tisme INTERVAL ON THE
Daynuxiry rropucep By Esmursions oF INTERNAL ORGANS,

While a preliminary treatment with embryo skin produces a strong
immunity to most epithelial tumours irrespective of the tissue of origin,
emulsions of internal organs do not exhibit the same uniformity in
action. Experiments were performed to determine with aceuracy the
conditions under which spleen emulsion produced its greatest effect.

TasLe VI.—Errecr oF Varvine Doses ox Immunisise Powen
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Two strains of carcinomata were used ;: 189 and T (see Table VI.),
The testing inoculations were made afler 14 days, the spleen emulsion
having Leen injected in diminishing doses (0°1 e.c., 003 c.c., 002 c.c.).

The first experiment with carcinoma 189 gave 78 per cent, of tumours
in the control series, 20 per cent, after treatment with 01 c.c. of mouse
spleen emulsion, and 67 per cent. after treatment with 0-05 c.e. and
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0:02 c.e.  Only one of the groups treated with rat spleen (005 e.c.)

survived and gave 70 per cent. of tumours.

Those treated with guinea-

pig spleen gave 70 per cent. (001 c.c.), 71 per cent. (0-035 c.e.), and
63 per cent, (0002 c.c.) respectively,

TapLe VII.—Errect or TiME-ISTERVAL oX Iaumunising PowEeRm

In this experiment only the
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largest dose of mouse spleen produced a measurable

of this tumour (199).
The second experiment with carcinoma T gave similar results. OF

the control animals 88 per cent. developed tumours,

effect on the growth

In the animals
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03 Dose and Time Interval.

treated with mouse spleen the percentages of tumours were reduced to
25 per cent. (01 c.c.), 43 per cent. (005 c.c.), and 23 per cent,
(002 c.c.), respectively. There was thus a distinet immunity with
all three guantities, but the fact that the highest was attained with the
smallest dose detracts rom its significance. After treatment with rat
gpleen the results were 40 per cent. (0°1 c.c.), 53 per cent. (005 c.c.),
and 75 per cent. (0°02 c.c.). After treatment with guninea-pig spleen
94 per cent. (0°1 c.c.), 93 per cent. (0-05 ec.c.), and 56 per cent.
{002 c.c.) were obtained. The spleen of strange species does not give
nearly the amount of immunity produced by mouse spleen, and while
traces of immunity follow treatment with rat spleen, that of the guinea-
pig tends rather to produce hypersensibility. While the quantity of
mouse spleen injected is of definite importance, the dose of rat and
guinea-pig spleen is without constant effect on the result.

Three series of experiments were performed to determine the duration
of the immunity following treatment with 0°1 c.e. of mouse spleen.
They were carried out with three different carcinomatous strains,
199, T, and 63, and the resistance was tested after 10, 14, 18, and 22 days
in each experiment. The results are summarised in Table VII. Tt will
suffice to point out that while the immunity after mouse spleen is
highest at the 10th and 14th days, it diminishes appreciably after the
lapse of 18 and 24 days. Rat and guinea-pig spleen, on the contrary,
show no marked immunity at any period, and no constant differences
in the result according to the interval which has elapsed.

SUMMARY.

The following conclusions are drawn from the foregoing experi-
ments :—

(1) Mouse placenta produces a strong immunity against trans-
planted carcinoma and sarcoma in this animal. It is surpassed in
efficiency only by embryo skin and by mammary gland.  This power
is not due to the contained blood, but largely to the proper placental
tissue elements.

(2) The strongest immunity against monse carcinoma is elicited by
mouse tissues.  The epithelial tissnes, skin, mammary gland, and
placenta produce a stronger reaction than do the non-epithelial, such as
blood and spleen.

(3) Rat tissues appear at times to produce a weak immunity against
mouse carcinoma, but this result is not constant, and is alwavs feeble.
Guinea-pig tissues are practically incapable of inducing the resistant
condition,



94

(4) Killed tissues not only have no power of calling forth im-
munity, but seem in some cases actually to induce a condition of
hypersensibility, and it is immaterial in the case of killed tissues
whether they come from species the same as, or alien to, that furnishing
the carcinoma.

(5) With a dose of 01 c.c. of mouse spleen, normal mice can be
immunised with great constancy. The spleens of other animals are
devoid of this power, and do not present constant differences according
to the quantity injected.

(6) The immunity following an injection of mouse spleen is strongest
10-12 days following injection, after which it gradually becomes weaker.
The effect of injections of the spleens of other species seems to be
uninfluenced by the length of the interval between ireatment and
testing inoculation.

IATERATURE.

. Arorast, H.: Ueber die biologisch wichtigen Irgebnisse der experimentellen
Krebsforschung.  Zeitschr. £ allg. Physiologie, 1909, ix. Ref. p. 63,

2. Basuromrp, E. F.,, Murray, J. A, and Cramer, W,: Natural and Induced
Resistanee of Mice to the Growth of Cancer. Proe. Roy. Soe. B, 1907,
Ixxix. p. 164,

3. Bonrer, A, : Le Probléme du Cancer. Bull. de I'Inst. Pasteur, 1907, v, p. 407,

4. Briorg, J.: Recherches sur le Cancer Expérimental des Souris, Annales de
I'Inst, Pasteur, 1907, xxi. p. 760,

3. FLexxer, 8, and Jopriwe, J. W.: On the Promoting Influence of Heated
Tumor Emulsions on Tumor Growth. Proe. Sce. Exp. Biol. & Med.
1907, iv. p. 1506,

€. Haavaxp, M, : The Contrast in the Reactions to the Implantation of Cancer
after the Imoculation of Living and Mechanically Disintegrated Cells,
Proc. Roy. Soe. B, 1910, lxxxii, p. 203,

7. Lewiw, C.: Experimentelle Beitriige zur Morphologie und Biologie bisartiger
Tumoren. Berl. klin. Woch. 1907, xliv. p. 1602,

8, Levix, 1. : Immunity to the Growth of Cancer Induced in Rats by Treatment
with Mouse Tissue. Proc. Soe. Exp. Biol. & Med, 1910, vii, p. 107,

9, Monescut, C.: Ueber hemmende und begiinstigende Wirkung des Tumor-
wachstums, Zeitschr. f. Immunititsforseh, &e. Orig. 1909, ii. p. 675,

10. Scmixe, G.: Untersuchungen iiber Karzinomimunitit bei Miusen, Miinch.

med. Woch, 1906, liii, p. 2517,

]'ri“tq;ﬂ by TavLon and Fraxos, Red Lion Court, Fleet Strest,
- 04’
M
3RARY
i
ST









