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PREPFAGCE.

The experimental investigations which form
the basis of this thesis were commenced by me in De-
cember 1904. Prior to that date a certain amount of
f work héd been done by various investigators upon the
disease which occurs in dogs and is known as Infec-
tive Sarcoma. Since then, however, a very consider-
able amount of attention has been directed to the
study.of this disease, on the grounds that it might
contribute towards the elucidation of the nature and
Etiology of Cancer.

As the research has proceeded, the field of

investigation has been very much extended so as to re-
veal facts, not only of interest from the bearings

. which they possess upon the Problem of Cancer; but,
also points of importance in connection with the
General Pathology of Inflammation, - more especially

ags it affects the Kidnev, - and Immunity.




INTRODUGCTION. ‘

In recent years it has been clearly real- i
ised by ali scientists who have concerned themselves
| with the study of Cancer, that the only source from
which further information could be hoped to be ob-
tained was by the experimental method of investiga-
tion. The difficulty of conducting such investiga-
tions, however, lies in the fact that in the vast
majority of cases where portions of cancer have been
inoculated into animals of the same or different
species, the result has been negative, and further f
research has been arrested.

The investigation of a disease, therefore,
in which inoculation occurred readily and which,
clinically and histologically, presented so many

points of similarity to Sarcoma as it occurs in man,

appeared to be work which offered very fair prospect%
of results of value. |

The disease known as Infective Sarcoma is
one which occurs in dogs. It is not uncommon in itq
occeurrence and appears to have a world-wide distribu-

tion. In this country it is frequently met with; on
the/ i
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the Continent of Europe and in the United States of

America it is stated to be also prevalent. Accord-
ing to C.G.Seligmanélgt is also to be found in the
native dogs from the Coast villages of the Central
Division of British New Guinea, where, according to
the Natives it was endemic before the advent of the 1
white man. i

Infective Sarcoma is a contagious veneral
disease, the transmission of which appears undoubted-\
ly to occur during the act of coition. Thereafter,
there develops on the genital tract of the animal in-
fected, soft, fleshy, highly vascular tumours, which,i
on examination, have to the naked eye, an appearance
similar to that of a rapidly growing Sarcoma. On
microscopical examination the tumour is found to have
a structure identical with that of an alveolar Sar— |
coma.

The remarkable readiness by which this tu-
mour is conveyed by contagion has long been known to
dog fanciers, as the development of the disease ren-
ders the animal useless for stud purposes. |

The investigations of Bellingham Smith and
Washbournésﬁave demonstrated this point very clearly

upon a scientific basis. Their attention was direc-

ted to the disease by the owner of a breed of prize

dogs ./




dogs. Unknown to him one of his dogs had, situated l
on its penis, behind the corona a small tumour which,
on later examination, was found to be of the nature
6f an infective Sarcoma. 0f twelve bitches of vari-
ous ages, served by this dog eleven became infected
with the disease. The younger were less severely
affected than the older, the three oldest being so
severely affected that they had to be killed. Each
biteh was operated upon, the growth being excised,l
the customary treatment as recommended by the veter-
inary profession. The tumours, however, recurred in
all of the animals, and a permanent cure was only ob-
tained in four, after a second operation. The four
remaining animals were, a year and three quarters
after; still suffering from the disease when the re-
sults of the investigations were published.

Further proof of the contagious nature of
the disease was given by the additional faet that an-
other dog contracted the disease also after serving
one of the afore-mentioned eleven bitches, when it
was suffering from the disease. This animal in its
turn served two healthy bitches and passed on the
disease to one of them.

The spontaneous transference of the disease

occurred per coitum in another of their cases, des-

pite/




despite the fact that every precaution was taken to
prevent infection, - the Penis of the healthy animal |

being frequently washed with antiseptic lotions.
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THE SPORADIC TUMOUR.

In this investigation the material was
originally obtained from two sources - one, a Bull
Biteh, the property of Dr.Beard of Edinburgh Univer-
sity, the other a wire-haired fox-terrier which was
kindly presented to me by Dr.Bashford, Director of

the Impérial Cancer Research Laboratcries, London.

CLINICAL EXAMINATION.

In the cagse of the Bull Biteh, it had con-
tracted the disease from a source that could not be
determined, but it was known tc have suffered from
it for more than a vear, It was of mature years and
when I first saw it, the animal was obviously 11l.

It was languid, cowed, and considerably emaciated.
The vulvar orifice protruded, and definite lobulated
swellings were visible on either side of it, project-—
ing underneath the skin surface adjacent to the va-
gina. On examination the vagina was found to be
occupied by several confluent fleshy swellings, which

bled/




bled readily when touched. Some of these were cov- |
ered by an ulcerating surface; others were felt unden-
neath the vaginal rucosa, and finally on deep palva-

tion or better still, on bimamial examination, the
nodules visible from without were found tc extend ?
from the vaginal to the skin surface. E

At this examination small portions of the
tumour were removed by means of scissors from the
vaginal cavity, and at once fixed in Heidenhain's
Saturated Corrosive sublimate solution.

A fortnicht later further portions of the
tumours were removed under a general anaesthetic for
inoculation experiments to be commenced. During the
operation, however, the animal unfertunately succumb-

ed to an overdose of chloroform.

MORBID ANATOMY. l

At the post-mortem examination held, the
appearances found at the examination during 1life were
confirmed. Confluent tumnur masses occupied the
vaginal cavity, and of these which were not ulcerated
on their surface some were freely moveable under the
mucous membrane whereas others were covered with
epithelium which was firmly adherent to the subja-

cent tumours.

on/
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On section the tumours had a light pink

colour and were of a uniform fleshy consgistence. on

ite deep aspect the srowth was found to have invaded
the adjacent miscle. Certain of the outlying
nodules possessed a distinet capsule, however, and
could be enucleated with ease from the adjacent tis-
sue, It was also noted that the disease did not
extend into the uterine cavity,and no evidence was
present to the naked eve of secondary foci, in the
regional lymphatic glands. On a complete and care-
fullv conducted post-mortem examination nc secondar&
deposits could be made out in anv part of the body.
This state of affairs coineided with that
described as usually being present in such cases.
The sporadic tumour usually remains local; death in
the untreated case being brought about by ulceration
of the tumour and the associated cachexia, or by
direct extension cf the neoplasm and the precduction

of pressure effects, such as hydronephrosis from in-

volvement of the urethra or ureters. Secondary focil

of the disease have, however, been found in various
internal organs and infection of the regional lympha-
tic glands is said to be net uncommon. Personally,
however, I have never found secondary infection of
the lymphatic glands present either in the animals

in whiceh the sporadic tumours occurred or in the

numerous/
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numerous cases where tumours were produced by experi-
mental inoculation, although I have carefullv examin-
ed for such in all cases. In many, however, I have
found the glands much enlarged, and showing active
lymphocyte formation and proliferation of the en-
dothelial cells of the lvmph sinuses.

In one case, as will be mentioned later,
secondary foci of the disease were present in the
Liver. Intestine.and Suprarenal Gland of an animal
which died seven weeks after the successful inocula-
tion of a portion of the tumour intc the subcutaneous

tissue of its flank.

HI STOLOGY/




HISTOLOGY OF THE TUMOUR.

Microscovical examination of poftions of
the tumour removed from the vagina during life show-
ed (Plate vi Fig.l and Fig.2 ) situated in the sub-
cutaneous tissue underneath healthy vaginal epi-
thelium, a mass of new growth which possessed a
delicéte stroma., forming spaces containing cells
arrangasd usually in a loose irregular manner. At
other parts the cells were arranged in a more regu-—
lar manner, 1lining the walls of the spaces. On
further examination the stroma is found to contain
minute capillaries. There is eccasionally present
within the tumour mass portions of fibrous tissue
included from the surrounding tissue during its de-
velopment. Ths tumour cells (Plate vii Pig. 1 )
are virtually uniform in size, shape and structure.
They measure from 9 - 11 m. and are polyhedral.
They have a large cell body which contains a large
nucleus, usually eccentrically placed and having
within it a distinct nucleolus. Mitotic figures are
very abundant. These ara usually regular in tyvpe,
irregular forms of Karyokenesis are, however, occa-

sionally seen. Trivolar Mitosis as described by

Bashford/




12
(£)
Bashford has also been noticed. I have never been
able to detect the presence of heterotyve mitoses in |
any of the svecimens sxamined.

The tumour cells can be sesn to be invading|
the surrounding tissus, infiltrating and destroying |
the adjacent fibrous tissue and muscle. At other
varts, where the tumour mass is more definitely encay
sulated, the cavsule is seen to be made up of deli= |
cate fibrous tissue.

With Eosin and Methylene Blue the tumour
cells stain in a characteristic manner. The 0sll
Bodv stains a light blue and is finely granular.

The micleus stains a darker blue colour and has an
oven chromatin network., With Pyronin Resorein and
Mathyl Green the finer structurs of the tumour cell
is especially well brought out. The cells are poly-
gonal in shape and their membrane is sesn to be faint
in outline. The cytoplasm is stained a light salmon
colour. The nucleus, which is large, stains of a
dark slate blue colour and contains darker granules
of a similar shade in addition to a single true nue-
leolus which stains a brignt rose red with the Pyro-
nin. The csntrosoms avvaratus cannot be made out
readily. Throuzhout the tumour, cells, which might
anpear at first sight to bes tumour cells, are scen.

Here/




13,

Here and there throughout the fiecld, usually close to
the capillary stroma, a small round cell, is ocecasicm
ally sesn. It vossasses a scanty csll body and has
a large mcleus which stains a deep blus with Methyv-
lene Blue and Eosin, the cell body being also strongly
hasovhilie. This cell is readily reccgnised as bhe-
ing identical with the small lymvhocyte of the bloed
and so-called wandering cell, Other cells are seen
which are similar in avuvearance to large lvmohocytas.
A third variety is vresent, which ig almost identical
in its structure with the tumour cell. This, how-
avar, can be recognised by differential stains to be
of a different nature. With Eosin and Methylene
Blue these cells stain, beth as regards their cyto-
plasm and nmicleus, mich more deenly than do the
tumour cslls. The nucleus does hot nossess the same
oven granular network. With Pvronin Resorcin and
Methyl Green they stain in a mammer that is quite
characteristic and differentiates them at once from
tumour cells. Their cytoplasm is stained of a
bright rose rsed colour throughout and is not so gran-
1nlar as is that of the tumour cell, In every casse
there is contained in its centre, in contact with the
micleus which is eccentric a minute clear svot, the
centrosome apvaratus. The Nucleus of this cell

stainsf
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stains a dark slate blue cclour, as does that of the
small lymphocyte-like cell, It contains nmimarcus
fine closely set chrcmatin gramiles. In many cases
larger granules are secn which have ths appsarance
of being the true micleclus. These ars, howesver,
sacn to he Karyesomes, false micleoli. The vlasmo-
somes are seen in most as mimte bright rose red
staining voints which 1lie in the cenfrse of the nuc-
leus.

These latter cells are identical with those

L]

described by Maximow as Polyblasts. Thera would
thus apvear to be present, scattsred in an irregular
manner thronghout the tumour, cells few in nunber and
which show all transitions from the small and large
lymphocyte to fully formed Polyblasts, and occasion-
ally to Plasma cells.

Microsconical Examination of the border of
the tumour shows two definifte appearances. Towards
the vaginal surface (Plate vi Fig.I.) the tumour
c¢ells can be made out extending into the adjacent
connective tissus. They are invading and destroying
it. It is here extremely difficult to recognise
whether or not formation of additional tumour cells
is occurring from the tissues of the host infiltrated
Just bevond the outer border of the tumour, cells are
however seen which might be mistaken for twmnour cells.

Thesef
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These are especially abundant in the neisghbourhood of
the blood vessels, and cn examination are found to bel
extravascular accumilations of cells which are mainly
of the lymvhocyte tyve with the vresence of an occas-
icnal clasmatocyte and Plasma cell. Various transi-|
tion forms from the former tc fully formed Polyblasts
are present.

On the desp aspect of the tumcurs (Plate
viii. 7ig.2) the tumour cells can also be made out to
be infiltrating and destroyving the surrounding fib-
reus tissue and muscle.

Another avvearance is, however, noticed on
the deep aspect of some of the outlying nodules.
Here the tumonr is definitely encapsulated by a mem-
brane of delicate fibrous tissue. The connective
tissue cells forming this capsule are seen to be
young Fibroblasts, which have an elongated spindle-
shaped cell body, and vossess a longitudinal stria-
tion which is most evident when stained with Haema-
toxylin and Iron Alum and Piecrofuschin. The deli-
cate rose-red strise at the peripnery of the cell ars,
by the addition of the latter stain, rendered clasarly
visiblae. The nuecleus, which is oval in contour, has
a single dAistinet nucleolus. The staining reaction

of these cells is similar to those of the tumour with

Which/
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wnich as will be seen later, thev are identical in
naturs. At the encapsulated border the tumour is
seen to be infiltrated with numerous Polyblasts; an
appearance in marked contrast to that seen at the
extending margin of the new growth where they are few
in number. These cells arse, as already mentioned,

rarely found in the tumour mass itself.

The second aminal from which the stock of
material used in my experimental work was obtained,
was that vresented to me by Dr Bashford. It was a
wire-haired fox terrier and had situated underneath
its foreskin and growing from the corona of the Penis
a cauliflower like mass of new growth, of a soft
fleshy consistence, which bled readily when touched.
Itgs size was such as to render vrotrusion of the or-
gan impvossible except undsr an anaesthetic. Histo-
logically this tumour presented an appearance identi-

cal with that obtained from the Bull Bitftch.

From its histological apvearance this tu-
mour has been generally regarded as a sarcema . with
that ovinion I agree. It, in my opinion vresents
during 1ife and reveals on examination after death,
appearances which to the naked eye and microscope

ars/
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are identical with that of an alveolar sarcoma.

Strickegijwho has done a very large amount
of work on this disease considers it to be a lvmpho
sarcoma. Certain other obssrvers have, however,
vt a different interprstation uvon the avwpearances
presented. This mav in part be explainsd by the
fact pointed out by the above observer, that two
other infective inflammatory diseases occur on the
ganitals of dogs which closely resemble the true in-
fective lyvmpho sarcoma.

One is where wcinted condylomata of the
genital occur after long contimied irritation. Hist-
nlogically these consist of hypertrophic epithelium
gupvorted by new vascular connective tissue infil-
trated with round cells. The other is whers lym-
vhoid hyvervlasia occurs in the subcutaneous tissue
associated with an infective follicular vaginitis.

It would not, however, appear to be the
case that any of the dissimilar ovinions which I will
vrocead to muote arose from this cause.

In the case of the work done by me I was
fortunate in vossessing in the dog sent to me from
the Imverial Cancer Research L.aboratories, matserial
beleonging to a stock which had besn recognised by
Stricker as being of the typs of true infective lvm-

vho/
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lvmvho sarcoma. and which had besn recognised by Dr
Rose Bradford as similar to that with which Smith and
Washbourne conducted their investigations. It was
identical in every respsect with the tumour used in
the earlisr vpart F?ﬁmy WOTK .

Nowinskyq?{87?) is said to have been the
first to give a detailed account of the morbid ana-
tomy and histology of this dissass, and to success%
fully inoculate it into other animals of the same
species hy transvlanting portions of the primary
tumenr into the subeutansous tissue. The structure
of the primary tumour. and those of the second gensr-
ation, was according to him that of a myx? sarcoma.

2

Bellinghame Smith and Washbournémgls98)
were the first in this countrv to submit the Aisease
to a careful examination. In their owninion the tu-
mours were certainly sarcomatous in structure. They
suceeaded in one of their cases in obtaining second-
ary nodules in the intsrnal organs, so that according
to them, "The tumours do not differ in structure or
'malignancy' except perhaps in degrees from the sar-
comata met with in the human subject.v

Wehgﬁin 1889 conduected an exverimental
investigation of this diseass. He succeasded in re-

produeing the disease by inoculating portions of the

tumour into the subcutaneous tissue of other dogs and

in/




in certain of his cases obtained deposits in various
internal organs. The primary tumour was in his
opinion a careinnma and the secondary deposits were
of a carcinomatous stfuéture.

Duplay and Cazig831894) were of the opinion
that the structure of the tumour resembled inflamma-
tory rather than carcinomatous tissues. They also
were successful in transferring the disease to other
dogs by subcutaneous inoculations.

Geisslegvgl&?s) inoculated successfully
from a cavliflower-like tumour which oceurred on the
prepuce of a dog and which he considered to be a car-
cinoma., He cormrunicated the results of his investi-
gations to the German Surgical Congress, and in the
discussion which followed the general concensus of
opinion was not in his favdllr.

Hansemané+gjop1nion was that it was not a
carcinoma. The exact nature of the condition pre-
sent he was not, however, prepared to give an opinion
upon without further opportunity of careful examina-
tion of the specimens.

Similar tumours, which he had examined in
dogs, he never found to be carcinomatous. They
showed a ﬁixture of granulation tissue and sarcoma-
tous-1ike tissue.

Israéisggreed with Hansemann that the

preparations/
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prevarations of these tumours exhibited were not car-

cinomatous in nature.

(16 )
Wehr was of the cpinion that the lesion prs-

sent was, like that in the cases described previously
bv him, a vrimary evithelial carcinoma. |

Powell Whitgl?{QOBJ studied the disease in
two animals. In his opinion the histological struc-
ture was identical with that of a lymphosarcoma.

Stricke%9_1904) successfully inoculated 31
dogs by subcutansous and intraveritoneal implantation,
The svoradic tumour he considsred to be a lymphosar-
coma. In his two subsequent commnications (190%#1)
(lgoé%gﬁe revorts further series of successful inoecu-
lations with similar lymvhosarcomata.

Bashford, Murray, and GrameééngOS) who
specially investigated the histogenesis of the tumour
nodule formed after subcutaneous inoculation were of
the opinion that the tumour raesemblsd malignant nsw
growths in its histological features. The transfor-
mation of connective tissue cells into tumour cells
at the extending border of the ﬁodule which they
figure, as occurring, militated in their opinion,
hewever, against the view that the growth was in

reality a true sarcoma. On this ground and on

others/
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others I will have occasion to refer to later, they

would prefer to describe the disease as an infective |

gramloma.
(19)

MeFadyean (1205) in a foot note to a paver

by Dunstan on Infective Sarcoma in the Bull Dog said,
"The Classification of these tumours with sarcomata
is not Jjustifiable in view of tha fact that they
represent the lesion of an infective disease and have
a histology closely resembling that of Granalation
Tissue.n

C15)
Baabe and Ewing (180

e0 in a paper dascrib-
ing their investigations into the histogenesis of the
timours formed after subcutaneous incculation, ex—
press the opninion that the general histological
characters of the dissase suggest to them ths diagno-

sis of alveolar sarcoma or endothelioma.
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SERIAL INOCULATION.

SECOND GENERATION.

In order to determine the facility with

: which tumour masses could be reproduced in other

animals of the same species and to confirm such
work as had already been done in this direction,

vortions of the original svoradic tumour were excis-

ed and implanted into the subcutaneous tissue of the

abdomen cof dogs. The removal of the tumour was
conducted with the rigid aseptic precautions of a
surgical operation, in order to avoid the risk of an
accidental infection. The tumour masses, having
been cut down upon from the outer skin surface, and
removed, were at once divided into minute fragments
the size of a pea, and implanted directly through
skin incisions into pockets made underneath the pan-
niculus carnosus of the new host. Two animals were

inoculated.

EXPERIMENT/
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EXPERIMENT NO.I.

A young wire haired fox terrier, bitch,
(weight 4629 grms. )

Six minute portions of the tumour were
implanted into the subcutaneocus tissue of the abdo-
men and inner aspect of the left thigh. The wounds
all healed by first intention.

On the day following the inoculation the
vortions of tumour introduced were easily palpable
underneath the skin, the wounds appeared healthy and
caused the animal no discomfort. On the third day
the nodules were still palpable, the wounds were
united and showed no evidence of suppuration. At
the end of a week, the nodules could only be palpa-
ted with difficulty and appeared to be disappearing.
A fortnight after the date of inoculation, the
nodules introduced could no longer be palvated so
that it appeared as if the result was to be negative.
During the third week, however, minute nodules were
ahle to be felt at the sites of inoculation. From
now onwards, these gradually increased in size, and

minute,/
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minute, pea-like tumours could be felt leading from
them along the line of the channel in the subcuta-
neocus tissue through which the portions introduced
were thrust into the pockets in which they were
rlaced, These tumours still continued gradually

tc increase in size, so that at the end of 38 days
four confluent fleshy masses could be felt, which
were each avproximately the size of a hen's egg.
They were irregular in contour, lobulated in outline
and, from their situation appeared to have grown

from all the six portions of tissue introduced.

They were painless to the touch, firm in consistence

and the skin was freely moveable over them, The
tumours reached their maximum limits bf growth two
months from the date of incculation when they felt
somewhat larger in size than a hen's egg. From
this date they commenced gradually to diéappear, at
first very slowly, later more rapidly until, 81 days
from the date of inoculation, they had all entirely
disappeared except one, which felt the size of a
split pea. This was adherent to the skin over it
which was ulcerated. This nodule was exc¢ised, and
showed changes which will he referred to later.

The weight of the animal remained remarkably constant

throughout/
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throughout. There was a very slight loss of weight
for the first 5 days. This, however, was soon mede
up, and when the tumours had disappeared, the animal

was found to have lost 128 grammes in weight.

EXPERIMENT/
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EYPERIMENT NO. 2.

A smooth haired fox terrier dog.

It was inoculated in a similar manner with
gix pieces of tissue.

In this animal, however, the disease ran
a somewhat different course.

The wounds healed readily, and the nodules
introduced were palpable for four days after intro-
duction; thereafter a veriod intervened during which
nothing could be felt, but on the 10th day, nodules
could he distinetly made out at the sites of inocula-
tion. These gradually increased in size, and on
the 38th day had reached the size of bantams' eggs.
They possessed an irregular contour and firm consis-
tence, and were freely moveable on the surrounding
tissues, as was the case in the former experiment.

The effeci uoon the general health of this
animal was much more severe than was the case in the
other dog.

The animal for the first month, gradually
emaciated until, at the end of three weeks it had
lost %-of its body weight and now almost entirely

refused/
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refused to take its food. Thereafter, however, it

improved considerably in health. It 1obked brighter,
i

took its food better and out on weight steadily.

Coincident with this, the tumours were
gradually increasing in size. On the 43rd day, how-
ever, it again relapsed and gradually sank, and on
the 47th day, as it was on the point of death, it
was killed. The tumours,which had gradually increas-
ed in size up to this period, were now the size of
hen's eggs and formed six separate masses.

The weight of the animal at the time of
death was % 1less than before treatment.

At the post mortem examination, the nodules
were found situated in the subcutaneous tissue of the
flank and abdomen. They avpeared to possess a dis-
tinct capsule, and could be shelled out readily from é
the surrounding tissue.

On section they had a uniform firm hepatic-like con-
sistence and showed no evidence of necrosis to the
naked eye.

The.regional lvmphatic glands were only
slightly enlarged.

Abdomen showed no evidence of peritonitis.

The Liver was enlarged, and showed scatter-

ed over its surface several elevations which, at its
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anterior margin were wedge shaped. These were
Pirﬁer in consistence than the surrounding liver
substances, and had a dark mottled appearance, the
anpearance resembling that seen in a recent infarc-
tion in the spleen, but with a general 1ight colour-
ed mottling throughout it.

On section this appearance was further re-
vealed. The lighter opague grey strands which ran
through the darker russet coloured substances, were
seen to follow the lines of the portal tracts and to
have associated with them definite minute nodules at
certain parts.

At the transverse fissure of the Liver,
the Hepatiec Artery and Portal vein were apvarently
healthy, and no evidence of thrombosis was seen.

The Heart and Lungs showed no definite
grogs 1esion.. :

The spleen was slightly enlarged, and firm
in congistence.

The Kidneys were somewhat bulky, but showed
no obvious lesion to the naked eye.

The suprarenals were enlarged, esvecially
the left, which, on section, showed at the upper
pole a small ovague grey area situated underneath

the/




the capsule and invading the cortex.

On laying open the intestines a small
"plaque" was found in the middle of the small intes-
tine at its mesenteric attachment. This was
firmly adherent to the coats of the bowel, was the
size of a florin, firm in consistence and of a

light grey colour.

HICROSCOPICAL EXAMINATION.

The tumour showed (Plate viii. Fig.2) a
histological structure which was in the main iden-
tical with that which was found in the first
gensraticn. The tumour cells were identical in
every respect with those already described. The
stroma was, however K seen to be much more scanty,
so that in c=rtain areas the alveolar appearance
was absent, and the histological picture was more
akin to that seen in a large celled sarcoma.

The incapsulation which to the naked eyve appeared
to exist, was not found to be present. At the

border of the growth (Plate ix. Fig. 1.) the

_ tumour cells could be seen to be infiltrating and

destroying the surrounding fibrous tissue. The

destruction/
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destruction of the fibrous tissue was evident at
the outer margin of the tumour mass, where (Plate
ix. Fig.2) the fibrillary intercellular substance
was fragmented and disintegrated. The connective
tissue cells of the host were here swollen up,
increased in number and appeared healthy, and
although no actual mitotic figures could be seen
the appearance present very strongly suggested

that additional tumour cells were being formed from
them.

Proliferation of the endothelial cells
of the capillaries of the host was also apparent,
and it appeared to be certainly evident that the
fine capililliary stroma of the tumour was being
formed from these. An occasional small haemorr-
hage could be made out in the substance of the tum-
our mass, and at certain areas (Plate x. Figs.i '
and 2) vessels were seen which had outside them
accumulations of celis, of the nature of lympho-
cytes and polyblasts. These were situated at
parts where minute foci of necrotic twmour cells
were present and in some of them evidences of
phagocytosis could be detected. Inside the lumen
of some of these vessels, polyblasts and large

monoruclear/
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mononuclear leucocytes could be seen which contain-

ed ingested foreign particles

THE LIVER. On microscopical examination of the
dark mottled areas, it was noticed that the liver
cells were at parts entirely destroyed and replaced
by small cells. In the Portal Tracts (Plate xi.
Fig.1) cells were seen surrounding the vessels,

and in many of the sections the ?ortal vein was the
site of a recent thrombosis. These cells were
present in large numbers and infiltrated the adja-
cent liver tissue. The great majority were young
connective tissue cells (Plate xi. Fig.2) identical
with tumour cells and many were undergoing mitosis.
Young capillaries were interspersed throughout,

and here and there a leucocyte was seen.

The appearances present in the Portal
vein varied. Some of the larger trunks contained
recent thrombi. In others the greater part of the
lumen was occupied by cells similar to those out—
side. The contour of these vessels was altered,
the new fofmed cells being arranged around the wall
and extending through it into the Portal space.

In some of the smalliest vessels the lumen was seen

to/
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to be entirely blocked by them and in one vessel of
moderate size what looked 1like a portion of new
growth was seen in the centre of its lumen.

The periphery of the dark coloured zones

showed liver cells in various stages of degeneration.

The Intestine showed the nodule (Plate
xii. Figs.l and 2) to be made up of small celils
which were mainly young connective tissue cells,
and in many of them mitosis was apparent. Young
capillaries ramified throughout the mass and the
cells composing it could be seen to be invading
the adjacent adipose tissue and 1nf11trating the
muscular coat of the bowel to which it was adherent.

In the centre of the mass a vein and
artery were present. The vein showed in a lesser
degree the change present in the smaller veins of
the Portal tract. At one part a distinet papilli-
form process projected into the lumen of the vessel,
the endothelial 1lining of which was ruptured and
cells were present inside its lumen two of which
are undergoing mitosis and were identical with
those of the tumour.

THE LEFT SUPRARENAL GLAND showed, (Plate
xiii. Figs.1l and 2) situated on its outer surface
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and invading the cortex, a nodule which had a histo-
logical structure very gimilar to that of the intes-
tinal nodule. Here however the arrangement more
closely conformed to that of the primary twmour.

The tumour cells extended between the parenchyma-
tous cells of the stratum glomerulosum which were

compressed and degenerated.

THE KIDNEYS, showed accumulations of
small cells throughout its substance — these were
especially seen in relationship to the interlobular
vessels.

The detailed examination of the organ
will however be described under the changes induced

in the Kidney by Infective Sarcoma and its toxin.

THE LUNGS, on microscopical examination
showed at certain parts an appearance very similar
to what was present in the Kidney. Especially in
the neighbourhood of the Bronchi accumulations of
small cells which are somewhat difficult to differ-
entiate, were present. These were mainly of the
nature of Polyblasts. Section of the Pulmonary
Artery showed Red Blood cells, polymorpho nuclear

leucocytes/




leucocytes and numerous lymphocytes which appeared

to be increased in nmunber.

THE SPLEEN showed lymphoid hyperplasia;

no evidence of focal necrosis could he detected.

LYMPHATIC GLANDS, showed accumulations
of Polyblasts in the lymphatic sinuses. These
cells stained in the characteristic manner with
Pyronin Resorcin and methyl Green. They were also
seen in the periphery of the cortical lymph.follicle;
transition stages from lymphocytes being readily
made out.

The results of the examination of the
histological structure, show:-

The structure of the tumours formed at the
sites of inoculation was similar to that of the
tissue introduced.

The changes present in the liver intestine
and suprarenal, consisted in the localised formation
of masses of new growth, which possessed in the main
a structure similar to that of the primary focus.

The appearance in the portal tracts had,
however, many points of resemblance to an in-
flammatory reaction such as is found in an acute

interstitial hepatitis, The localisation of the
disease/




disease, the great preponderance of the connective
tissue cell, and the very active cell division in
these unadcompanied by the presence of mature fibro-
blasts is more in favour of new growth. It would
apvear probable that the change in the intestine
occurred prior to that in the liver, and that it
spread from the former to the latter, by way of the
portal circulation possibly by actual cellular
metastasis.

The changes in the other organs were such

as to suggest the action of a toxin upon them.
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THIRD GENERATIQON.

EXPERIMENT.3.

Young fully grown wire-haired fox terrier
dog. (weight 15 1bs. 3 oz.). (5903 grms.)

Six minute portions of the tumour Ffrom Ex-—
periment 2. were inoculated into the subcutaneous of
the flank.,

The wounds healed by first intention.

The effect upon the general health of the animal ap-
peared to be very slight, After an initial tran-
sient slight loss of weight, the animal regained its |
former weight and was slightly heavier when killed.
The nodules were palpable for three days, and then
disappeared to reappear on the eighth day, after
which theyv grew rapidly, ultimately reaching when
the animal was killed on the eighty-fifth day after
inocculation, the size of golf balls. As can be
seen from the accompanying photdgraph (Plate xiv

Fig 1) the animal was at the time, stout and healthy.
At the post mortem, four separate masses were found
three being large and non-adherent. From two of

these, rows of small nodules extended from trhe wound

to/



to the tumour mass, the fourth nodule was smaller
- and adherent to the cicatrix of the wound over it.
The tumovrs were found to have, both to the naked

eve, and on microscopical examination, (Plate xiv.

Fig 2) a structure identical to that of the previous

ones. Plate xv. Fig 1)

The organs of the body showed little
change. The spleen was enlarged and firm. The
lymphatic glands, cervical and inguinal, were also
enlarged and firm in consistence. They revealed,
however,K no evidence of secondary infection, nor
could such be detected in any of the other organs

of the body.

FOURTH GENERATION.

EXPERIMENT 5.

A large young smecoth-haired fox terrier
y 10,510 grms.
(weight 23 1bs.2 oz.) was inoculated with seven
pieces of larger size.
A1l the wounds healed without suppuration,

a certain amount of acute inflammatory reaction

occured, however, with two of them. on the third

day, the nodules were all palpable, and the animal
| 567 grms.

had lost one and a quarter pounds in weight. on

.the/
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the eighth day the inflammatory reaction had subsid-

ed, the nodules were still palpable, and felt about

the same size as when introduced. On the thir-

teenth day they felt smaller. From this date they

commenced to enlarge ﬁntil in two months' time,
they had reached the size of ducks' eggs. They
then graduvally diminished in size and finally dis-
appeared in ninety—-two days from the date of
inoculation.

e %h?wgnimal's weight at the time of death,
was 2i Zﬁs;I;”;z. At the post mortem examination
no trace of where the nodules had been could be
detected. The most evident change in the organs
was that present in the kidney, which will be
referred to later.

When the growth was at its summit, one
of the nodules was excised. It had an appearance

and structure similar to that found in the primary

growth.

FOLLOWING GENERATIONS.

The tumour was carried to the eighth

generation, when owing to the vacation occurring

1t/
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it was allowed to die out. Its characters appear-
ed the same in all cases. In no case did an animal,;
inoculated for the first time, fail to develop
tumours, excepnt two to be mentioned later. The
age of the animal made little difference to the
facility of successful inoculation. Successes
were achieved with young growing tumours, those
which had reached maturity, and ones which had under-i
gone almost complete resorption. i
Two young puppies were inoculated with
portions of a nodule the size of a pea which was
all that remained of a large ravidly disappearing
mass. The result in both cases was negative.
There was no attenuation of the virulence
from generation to generation. The tumours on the
contrary grew more readily and more rapidly in the
later generations,
The larger the plece introduced the larg-

er appeared to be the tumour which developed.

SECOND/
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SECOND SERIES OF INOCULATIONS.

From the wire haired fox terrier dog pre-
sented to me by Dr.Bashford successful inoculations
were carried out into two animals. The tumour
mass was as already mentioned, situated underneath
the foreskin and grew from the corona glandis and
body of the Penis, and consequently, owing to its
situation it was more difficult than in the previous
case to assure sterility of the portions excised.
These were washed thoroughly with sterilised normal
saline solution before being placed in the tissues
of the new host.

Slight suppuration occurred in a wound of
one of the animals inoculated, and a nodule failed
to develop here; the other pileces all led to the
development of tumour masses except a portion intro-
duced into the General Peritoneal Cavity. IH
both animals which were inoculated with this - the
first generation of the new tumour - the portions
introduced could at first be felt underneath the
skin, but then disappeared to reappear in the third
week. They reached the summit of their growth
two/ |
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two and a half months after inoculation and then

commenced to disappear. One animal was then killed:

and in the other the tumours were allowed to dis-

appear which they did in ninety-one days.

SUCCEEDING GENERATIONS

The tumour was successfully cultivated through
eight generations and is still growing.

The characters shown by it were very
similar to that seen in the former series. (Plate
Xxv. Fig.2) The nodules in the 1attef cases how-
ever took longer to appear and persisted longer.

In none of the animals killed were second-
ary foci of the disease detected in internal organs.

All the tumours formed disappeared
spontaneously or appeared to he doing so when the

animal was killed.

INOCULATION INTO ANIMALS IN WHICH SPONTANEOUS

RECOVERY HAD OCCURRED.

Six dogs (two from the first series and

four/
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four from the second) were inoculated. In each
case the portion introduced disappeared in less
than two weeks and no subsequent tumour formed.
This immunity was found to be present, from one to
eleven months after the date of recovery. Five
animals were inoculated with portions of the tumour
from the same strain as that which they had them-
selves possessed. Two experiments were done on
the same animal. (Experiment No.I.) It was inoc-
ulated with a portion of the tuﬁour of the first
strain, similar to that from which it had itself
recovered. Ten months later it was inoculated
with a portion of strain No. 2. and proved also

jmmune to it.

INOCULATION INTO ANIMALS OF DIFFERENT SPECIES.

'Rabbits, Rats and Guinea Pigs were inoc-
ulated with portions of the tumour without success.
In all cases the portion introduced underwent

gradual absorption and disappeared.

INOCULATION INTO FOXES.
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Two fox cubs were inoculated with portions
of the tumour from the fourth generation of the
first series. In both cases tumours gradually
developed, increased until they finally reached
the size of pigeons' eggs when the animals died

considerably emaciated.

These results confirm many of the points
brought out by previous investigators, but the
percentage of successful inoculations is higher
than has been the case with them. This, however,
is to be explained by, the method of direct im-
plantation adopted in place of using a trochar, and,
the care necessary where the stock of animals must
necessarily be few.

The inoculations into the foxes were
carried out to demonstrate whether the tumour which
failed to grow in animals of different species to
the dog would grow in one which was closely allied
with that animal. At the time when the success-
ful result was obtained by me no published record
of such existed. Two months later, however,
Stricker published his second paper in which he
described the development of tumours after inoc-
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inoculation into two foxes.

CAUSAL VIRUS.,

Cultivations were made with a negative
result from all of the tumours of the first series
tc endeavour to find the parasite, if such should
exist. All the common and many of the rarer media
used in bacteriological work were tried without
success. Neither an aérobic nor anaerobic micro-
-organism could be isolated, except an occasional
germ which was obviously.a contamination. Dr.Ford
Robertson kindly examined for me portions of the
tumour by his special staining methods without
being able to detect inside the cells the presence
of those bodies which he along with myself figured
as.occurring in human carcinomata and which possess
a certain morphological resemblance to Plasmodio-
phara Brassica.

Portions of the tumour were mixed with
sterile normal saline solution pounded up in a
mortar with sterilised sand and then filtered
through a Berkefeld Filter. The fluid obtained
was introduced into the subcutaneous tissues of a

nunber/
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number of dogs. In none of them did tumours de-
velop either at the site of inoculation or in any
part of the body. One of the animals (Experiment
No.4) died on the sixth week with most important
changes especially seen in its kidney, which fact
formed the basis of a further series of experiments
the results of which will be detailed under the

changes induced in these organs.
Films from the tumours were also examinsd for the

presence of spirochetae as possible etiological

factors, but none were found.

RESULTS/



RESULTS OBTAINED BY OTHER INVESTIGATORS.

The site of implantation appears to have
but 1little influence in determining the success of
the inoeculation. Strieker has worked ont this point
with a8 coclosssl thoroughness. His results are
briefly as follows:-—

Tumours developed in sixty dogs after ino-
culation of the subcutansous tissue.

Sixty-ons dogs and two foxes were success—
fully inoculated by peritoneal implantation. In
these there was produced either an isolated nodule
always situated in the grsat omentum, or a general
dissemination of the disease like a general peri-.
toneal sarcomatosis. He hes also incculated the
tumour with success into the thoracic cavity, the
serotum, the medullary cavity of tibia, the eye, the
tissue of the vagina, and the subdural space. ot
three animals fed with the tumour one which appears
to have been at the same time inocuvlated into the.
gum developsd general sarcomatosis of the cervieal
lymph glands, hard and soft palate, and peritoneum,

submicous and svbserous nodules being present also

in/




in the wall of the stonach.
He also morked out the Thernie Mechaniesl
and Chemical Resistane=s of the Tunocur.

Thermic.cold exposure for 24 hours to a

temperature of -11° ¢. diminished but did not de-
stroy the vitality of the tumour, retention for 30
days at -11° ¢. completely destroysd its vitality.
HEAT ..

Tumour tissue which had been kept for two
hours at a temperature of 50° ¢. was successivlly
inceulated.

KECHANICGAL .

Rubbing down in a mortar if conducted with
moderate violence did not prevent sueccessful ino-
culation.

FILTEATION.

As alsc found by me the filtrate from
tumours rubbed down in a mortar was inert.

Centrifugal action gave a similar result.
CHEMICAL RESISTANCE.

Glyecerine possessed no destructive pro-
erty on the tunour cells.
CHARCOAL .

Powdered charcoal was found by Stricker
to give the unexpected result of entirely checking

the growth of the tumour cells.

Like /




Like other obssrvers Stricker railed to find any

parasite, 'extra or intra cellular.

The only obssrver who has found a parasite which he
claims to be the pathogenic organism of the disease

(20)
is San Felice who has isolated a Blastomycss.

o
Plimme;digiled tc find the cell inclusion, whieh he
dsseribed in hunman carcinoma.

(15)

Beebz and Ewing found a large spiral organism like
the Spirocheta Refringens in one ulcerating tumour.
They do not' suggest, however, that it was at all
1ixely to have been the cause of the tumour formation

HISTOGENESES /
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HISTOGENESES OF THE TUMCUR PRODUCED AFTER INOCULATION

AND ITS LIFE HISTORY.

At the very outset of my investigations
into the nature of this diseass, it became apparent
that in order tc determine the exact relationship
which it bore to cancer as we know it, it would be
necessary to study the l1life history of the tumour
from its'inceptionlto its final disappearance.

In the case of the Adeno Carcinoma that
occurs in mice, and which was originally described
and fully investigated by Jensen, this has been done |
in a very complete manner by Jensen, Bashford, Bor- i
rel, Ehrilich, Ga&lard, Clowes and others, and !
through the courtesy of Professor Jensen I have alﬁoi
been able to carry out ihoculation experiments with
his tumour and study its 1life history. |

Briefly the main facts concerning this

tumour upon which the sxperimental investigation of

cancer has been virtvally entirely based in recent

years, ars as follows:— The tumour is one which oc- |
!

curs in the subecutansous tissue of mics. The dim— |
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discovery of a sporadic tumour is an event of rare
occurrence but when it is found it can, in contra-
distinction to all other known malignant epithelial
new growths be readily inoculated into animals of
the same species.

Clinically and pathologically it is accept-
ed by virtually all competent observers to be ih all
respects homologous with carcinoma as it occurs in
man. It is lecookad upon by soms as an adeno carcin-
oma of the skin , by others as a mammary fumovr.

No evidence of spontaneous intfection has

&
been absolutely proven to occur slthough Gaylord(MS)
reporte the occurrence of upwards of sixty sporadic
tunours during three years, in animals kept in the
same cage, the stock of animals being en?%gﬁly re-
newad at least on cne occasion, and Borréidhas suc-
ceeded in tracing twenty spcocradic tumours to animals
all of which came from the same cage.

The percéntage of successful incculations
L varies. It is usvally low at first, in succeeding

generations this, however, rises and may reach as

high as 90%. After introduction in a successiul
| case there soon develops a tumour which grows rapid-
jly, occasionally produces metastatic foei and usually;
vltimately leads to the death bf the animal. In a

certain psrcentage of cases spontaneous recovery oc-—

curs/



occeurs which renderﬁ(i?% animal %gmune to subseouent
inoculation. Ehrlié%ﬂand Clowes who have studied
the problem of this immunity have found that they
can render mice Which have not been inoculated im-

mune against the disease by various methods.

Ehrlich has also found that the nature of the tumours

may be altered by repeated inoculations. Tn to-
mours of a reapidly growing strain he has been able
by this means fto maks an adeno carcinoma become a
typical sarcoma, a change which he attributes to an
irritative efisct exerted by the cancer cells upon
the cells of the stroma which causes these mesoder-
mic e¢=1ls whose proliferative activity has been so
greatly augmented by repeated inoculations to grow
luxuriantly and independently like cancer cells.
The parsnchyma of the tumour which de-
(31)
velops after inoculation was proven hy Jensen to

arise from the cells introduced and this fact is now

accepted by all.

The fate of the stroma introdvced is, how-— |

ever, not considered to be the same by all.
Bashfowé4éaysl "The stroma introduced at
inoculation vundergoes degeneration and is renlaced
by supporting structures derived entirely from the
tissve of the host."
Apolant/ AOVERS),

*.
v
R
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| menced, no rscord existed of the process by which ;

23 )

Apolant and Ehrlich worring with tumcurs
similar in structure but meatly of a more virulent
strain agree with the well-known obssarvaticn that
"frequently in cancar transplantations the connect-
ive tissue stroma inoculated with it undergoces
atrophy but the mesodermic cells of ths tumours
formed are derived from those of the sporadic growth!
With this the majority agree.

(26)

Fisch, in reviewing the prograss of work
on Cancer Ressarch during the ysar that is past sun-

(32)
ports Bormann when he says, "One of the main ques-
tions in the cancer problem is to the impartial mind
settled. Tumours grow from the heginning through
the multiplication of their own substance, destroy

surrounding tissue in various ways, but never change

it to tumour tissue."

At the time when my investigations com-

the tumour in the dog originated, grew and finally
disappear=d.

Since then however,K the results have
been published oi a certain amount of work done on

this subject. Bashford, Stricker, and Beebe and

Ewing/



Ewing have invzstigated the histq geneais of the
tumour and the second of these observers has studied
the changes which are associated with its disappear-
ancs.

Bashford is of the opinion that "the es-
tablishment of a nsw tumcur is accompanied by a
transformation of the connsctive tissue cells at the
site of inocvlation intoc elesments 1ndisfinguishable
from those of the primary growth. The tumour cells |
introduced degenerate very rapidly, a fsw only re-—
taining their vitality for a period of not more than
three or fouxr days". 3ri§yly he considers it en-
tirely an infectivs proceg;43which is identical to
that which occure gfter inoculation with isocolated
pathogenic organisms, the cells of an infective
granuloma introduced at the time of inoculation be-
ing merely vehiecles - living substances for the pla-
tinum loop for the conveyance of the infective agent!

Stricker belisves that the process is one,
- whare a grafting or implantation occurs similar to
that which takes place with Jensen's Adenocarcinoma
in mice. According to him the tissues of the heost
at no time and in no place take part in the for-
mation of the tumnour.

Beebe and Ewing hold that the tvmour de-
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develops irom the cells introducsd. That somzs tis-
sue c2l1lls may be incluvded in the tumour or trans-
formed into tumour cells, they are not prepared to

deny although thare was nec evidence of svch a pro-

¢ess in their specimens.

That these diametrically oprosed views
should exist is not difficult to understand when one
remembers that we are hsre dealing with a strvcturs,
the cell of which is identical with certain young
connective tissus célls which are formed in the pro-
cess of renair whieh occurs round any foreign body.
The special features of the parenchyma cell of Jen-
san's tumcur on the other hand renders the investi-

gation of this point comparatively simple.

In order to determine the accurate mode of
origin and growth of the tumovr, my investigations

have been carrisd out as follows.

1. -The tissues of dogs, killed when in apoarent
good health have been examined.
2 Portions or a growing Inrective Sarcoma were

excisaed and then inoculated in the way already

deserihed. These were then removed 6% hours 18|

hours, /
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hours, 24 hours, 3 days, 8 days, 10 days, 21 days
at the sumnit of the growth.during its declension
and just prior to its final disappearance.

The companion portion to that introduced was in
the cases of the earlier periocds kept at bedy
temperature outside the body for a similar length
cf time and then examined. In order as far as
possible tc obtain a consecutive series of
changes and to avoid fallacy the noduvles were
excised under an ana-sthetic from the same dogs
at differsnt periods. In studying the changes in
the earlier hours it was, however, found necess-

ary to kill the animal and fix the parts "in situt

The reaction which occurred when portions
of pith were intreduced into the subcutansous

tissue wes investigated.

Portions of a sarcoma, obtained after ampu-
tation from the 1limb of a dog, were introduced
inte subecutanecus tissue and the reaction which

they inducsd was studied.

Portions of the Infective Sarcoma tumour

were /



were introduced into dogs which had acquired im-

munity and then excised at intervals and exanined

THE SUBCUTANEQUS TISSUE OF THE HEALTHY DOG

showed at the site used for implantation delicate
areolar tissue united superficially to the Pani-
culus Carnosus and below to the deep fascia.

The usual histological structure was
seen, wandering cells were virtually absent and
neither could the sxtravascular accumulations of
adventitia cells dsscribed by Marcgaégggor the
lymphoid nodses described by Beatt£;4gs occuring
in the peritonsun, be detected. The connective
tissue cells were few, showed no evidence of

direct or indirect cell division, and were never

swollen.
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THE HISTOGENESIS OF THE TUMOUR.

As already mentioned it was found necessary
to destroy the animal when the changes which occurred
in the earlier hours were being studied. The skin,
subcutaneocus tissue, and deep fascia,K were then re-
moved in one layer, rixed for a few hours in saturat-
ed corrosive sublimate solution and then sectioned to
allow the fixative to penetrate. By such mesans an
excellent oonportunity of examining the relationships
ot the growth could be obtained. Certain fallacies
had to be avoided, however.

In the carrying through of the specimen,

owing to the shrinkage of the tissues which occurred, |

retraction of the nodule and the tissues of the host
took ﬁlace-at some parts. This was liable to leave
fragments of the tissue of the nodule adherent to the
tissue of the host, and on the other hand loose tags

of areolsr tissue Wére apt to remain fixed to the

outer side of the nodule introduced, and might be

;mietaken for portions of the capsule of the tumour

introduced at the time of inoculation. In order to_

make/



make this point clear, in every case where such a
fallacy was liable to occur, the nodule was sec-
tioned ccmnletely, and serial sections of its entire
bulk examined. This point, as will be seen later
is of especial importance, as the areas from which
the tuﬁours especially grow are in the majority of
cases ones where a process oi immediate union be-
twean the tissues of the host and nodule ars present
with no fibrinous zone to demark their boundaries.
Control inoculations, were, of course made
in every case into other dogs. Tumouvrs developed

in every one of these.
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HISTOLOGICAL TECHWIQUE.

Saturated corrosive sublimate solution was
found to be the best fixative, and for staining pur-

poses, the following reagents were used in evary

Casg.
Haematoxylin and HEosin. HsE.
Haematoxylin and Picrofuschin. H.Pf.
Haematoxylin and Iron Alum. HeI A

Haematoxylin Iron Alum Picrofuschin. H.I.A.Pf..

Eosin and Methylene Blue. E.MBs .

Pyronin Resorcin and Methyl Green. P.R.MG.
and such special stains as Geimsa's etc. as the oc-

casion required.

HISTOLOGICAL/
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HISTOLOGICAL TERMIVCLOGY.

From six hours up to fifteen days certain
well marked changes could always be seen at the

site of implantation.

1. The centre of the-nodule introduced hereinatter
called "the necrotic centre" showed in every
case evidence of cell degeneration.

2. Further out close to the psriphery of the nodule,
there was present a zone where leucocytes - at
first mainly of the polymorphonuclear variety -
abounded, "the zone of leucocytic invasion”.

3. Beyond that but still in the substance of the
nodule a zone where after twenty four hours
large mononuclear phagocytes could be seen re-
moving the necrotic tumour debris - "the bound-
ary zone'".

4. Beyond this there was present in every case a
zone which was directly continuous with the
boundary zone and usually continued into the
tissue of the host, where healthy tumour cells
could be detected, "the tumour formaticn area."

External tc this the tissues of tha host showsad

(o7}
.
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active reaction, "adjacent tissue of the host."
6. In addition, at some parts, the tissues of the
host and the nodule introduced could be seen to
be separated by a layer containing fibrin and
cells of the inflammatory exudate "the fibrin

layar."

EXAMINATION OF NODULES REMOVED AFTER 6% HOURS.

Skin wounds are already united firmliy by
the fibrinous exudate.

The subcutaneous tissue shows & certain
amount of oedema.

| Microscopical Examination shows the nodule

introduead 1lying in the subeutanesous tissue of the
host. (pYate xvi. fig. 1.) It has retracted some-—
what and is only in intimate contact with the
tissues of the host at certain arsas.

The periphery of the nodule is seen to
consist at one part of a poertion of fibrous tissue.

The channel through which the nodvle was
introducad énd the cul de sac beyond are occupied
by a granular fibrinous exudate containing many
cells.

The /



The areolar tissue adjacent to the nodule
shows an increased number of small cells in it.

The ncduls has a strueture and arrange-—
ment similar tc that of the tumour.

A destailed oxamination reveals:

1. THE NECROTIC CENTRE. The tumour cells in the
centre of the noduls already shbw distinect
alteration. Scme of them appear normel but
for the nueleus which 1s stained somewhat more
deeply than is customary, octhers show nuclear
fragmentations and cell disintegration, some of
them are swollen up and have their cell body
distinetly vacuolated; these have a nucleus
staining more faintly, smaller in size and with
an irregular shrivelled contour, and have some-

. what the apoearance of large phagocytes with
phagoeytosis proceeding; they are however de—
generating tumour cells. |

with E.M.B. and P.R..G. the various
types of cell degeneration are best seen.
With P.R.M.G. the great majority of the tumour
cells are seen to be in variouvs stages of cell
degeneration. They do not stain well. In
the majority the contour and structure of the
tumour cell can be made out; the cell hody,

however/
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however, does not stain of the deep salmon
colour seen in healthy cells, the nuclsus
stains feebly light green, is distinctly granu-
lar, and its nucleolus stains red, but not the
bright red of the standard type.

Other_cells are seen with the cell
body swollen up and vacuolated, others with the
cell membrane broken at parts, others with the
nucleus condensed crenated and staining a dark
slate colour with its nueleolus faintly visible
as a dull reddish brown dot. An occasional
cell is seen which appears to hav~ been under-
going mitosis at the time of introduction and
is now degenerating. The cell body is stain-
ed a faint salmon colour, and the chromosomes
apoear fused into an irrsgvlar mass stainsd a
dull =slate colour. In some c¢=21ls also the
nucleus has undergone Karyorrhexis the chroma-
tin network being repres=nted by dark greenish
slate coloured particles, diffused throughout
the cytoplasm, and in many the free nucleolus
is seen as a red dot. |

In others Karyolysis is apparent and
only a ghost of the nuclear membrane is present.
The endothelial cells of theccapillary stroma

are/



are degensrating as are also the connective
tissue cells of the ineluded fibrous tissue.

2. THE ZCONE of LEUCQOCYTIC INVASION. outside the
centre and inside the growing bordsr. Lavuco-
cytes almost entirely polymorphonuclears, are
present here in abundance between the tumour
cells. The latter show advanced dsgeneration
and although karyolysis can be occasicnally
detected, the prevailing change is one where
the nucleus is condensed, with the cell body
swollen up and som=times vacuolated. Some
cells consist merely of a nucleus with a frag-
ment of cytoplasm adherent to it. Leucocytes
can occasionally be detected inside tumour
cells, Throughout this area a granuvlar
material is seen which consists of disintegrat-
ed cell substance.

3. The BOUNDARY ZCNE is not yet difrerentiated.

4. The TUMOUR FORMATION AREA. Beyond the zone
where the leucocytes are abundant, the peri-
phery of the nocdule introduced is seen to be
made vp of tumour tissue which has the cus-
tomary appearance, with a few leucocytes
between the tumour cells; very many of the

latter/
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latter, however, show with E.ii.B. a violet
staining of their nuclei which are condensed.
Tumour cells undergoing mitosis are seen: they
are, however, scanty in ﬁumber and only in
slightly greater abuindance than in the centre
of the nodule. In the majority of specimens
a ecleff, whiech is empty but for an occasional
shred of fibrin, exists throcugh the outer part
of this area and on the outer side of it the
areclar tissue of the host is visible, at other
parts a direet continuity already exists into
the tissues of the host. At such regions the
-tumour cells are most abundant, least degener-
ated, and mitotic figures although rarsly met

with are most commonly found.

5.Adjacent areolar tissue of the host is at most

parts retracted from the nodule and is usually
covered with a dslicate laver of granular fib-
rin in whieh is seen - cslls, identical in size
structure and staining reaction to those of the
tumecur and in addition polymdrphonuolear lauco-
cytes. An occasional cell is seen which 1is
spindle-shaped, with a mucleus of similar con-
tour which stains with P.R.M.G. slate grey and
is finely g¢rarular, these apvear to be endoth-
glial cells.

In the areloar tissue granular fibrin is

adherent/




adherent to the connective tissue strands.
There is here obviously a great increase of

cells from the normal standard.

These are:

1. A few polymorphonuclear leucocytes.
2. A few large and small lymphocytes
and mononuclear leucocytes.

3. An occasional Polyblast.

4. Red Blood Corpuscles.

5. Very rarely an eosinophile leucocyte.

6. Connective Tissue Cells.

7. Endothelial Cells.

The capillaries are much engorged and con-

tain a central mass of red blood cells and a
peripheral ring of lesucocytes some of which are
seen enmigrating from the vessel; " The endo-
thelial cells of the wall of the vessel are
swollen up and much more evident than usuval.
Actual endothelial buds would appear to be
present at some parts. The connective tissue
cells of thé arsolar tissve are swollen up and
have with E.}M.B. a light blue staining granular
nuecleus with an open chromatin netwerk and a
prominsnt nuecleolus. Their cell body is
faintly stained and is spindle-shaped with an
irregular contour. This change holds good

for/
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for the whole of the adjacent areolar tissuse
but at certaln areas these cells are seen to be
more abundant and some of them which approxi-
mate mcore closely to the tumour cell in ap-
pearznca appear as if they had undsrgons recent
division. Actual proof of this is, however,
difficult to obtain. Where the intimate union
is already established between the nodule and
the tissues of the host, the areolar tissue
adjacent to the nodule is almest entirely
devoid of blocd cells of the inflammatory
exudate, but contains an increassd number of
fibroblasts and endothelial cells. These both
stain with P.R.M.G. with their cell bodies a
light salmon coloured tint, their nuclei 1light
blue and containing bright pyronin red staining
nuclecli., They appear very similar; the
fibroblast is, however, usually larger and has
a more granular nucleus. The connective
tissue cells of the areolar tissue here are
swollen up, the fibrillary intercellular sub-
stance is separated, and fragmented, cells
which appear recently to have divided are seen,
and in one case out of over a hundred sections

examined/



examined, 2 connsctive tissue cell undergoing

mitosis was mads out.

The Channel of Entrance and the cul de
sac are occupied by a granular fibrihous
material in which the usunal c¢21l1s of the in-
flammatory exudate with the addition of a few
degenerating  tumour cells are apparent. The
adjacent areolar tissue .of the host shows here
a reaction which is similar to that outside the
tumour nodule but not so extreme in degree.

The connective tissue and endothelial cells_are
swollen up sand prominentlwith the characteristic
aprearance and staining reactions but there is
no evidence of their having been incressed in
amount .

Gontrol nodule 62 hours sho&s cell de-
generation present but slight in amount.
Mitcsis is seen in the tumour cells but is not

abundant .



NODULE REMOVED AFTER 18 HOURS.

Ths wounds are united by firm adhesions.

Microeoscopical examination shows (Flate
xvi. fig. 2) the nodvlse to be direetly incor-
porated with the adjacent areolar tissue at
some parts, retracted at others, and separated
by a fibrinous layer at others. Fragmentation
of the adjacent areolar tissue is present,K tags
of it being torn off, and hanging free. Vhere
the ncdule introduced is in direct contact with'
the tissue of the host,K these may appear as if
they were part of its periohery. A most
noticable feature even on casual examinstion is
the‘pronounced cellular increase in the ad-
Jacent tissus of the host.

1. THE NECROTIC CENTRE shows evident cell degenera-
tion pyknosis, karyorrhexis and karyclysis is
aprarent. G0ells are seen which are swollan '
up . and vacuolated. The stroma like the tumour |
cells is also degenerated, but not so extreme-
1ly. ¥o leuceccytes are present in the centre

of the nodule.
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2. THE ZONE OF LEUCOCYTIC INVASION is sharply de-
fined. tiere where the leucocytes are almost
entirely polymorphonuclear the cell degenera-
tion is extreme, and leucocytes are seen inside
tumour cells.

3. THE BOUNDARY ZONE 1is not demarked yet; but lym-
phocyte-1ike cells are more abundant in this
region.

4. THE ZONE OF TUMOUR FORMATION. There is alresdy
formed a layer of tumour cells, (Plate 1. )
which are healthy,K and many of which are active-
ly dividing. This zone is only seen to be
prasent where the cells of the tumour are dir-
gctly in contact with the tissve of the host,
where, 1in fact the nodule and host tissue are
incorporated into one and no definite boundary
iine exists. This renders it a matter of
considerable difficulty often to tell where one |
begins and the other terminates. This zone
is absent where the outer part of the nodule
consists of fibrous tissue and where haemorr-
hage or abundant exudate separates the two sur-
faces. Capillaries containing red blood cells
and polymorphonuclear leucocytes are present in
it and in some endothelial cells can be seen
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budding off from their walls. An endothelial
cell 1ining the wall of one capillary,6 which

1s apparently a lymphatic, is seen to be in
mitosis with a tumour cell adjacent to it under-
going a similar change. This capillary can

be traced in serial section to belong to the
tissue of the host.

Although the tumour cells here show very
abundant mitoses, adjacent to them others
are seen which by the condensation and stain-
ing of their nucleus appear to bs in an early
stage of cell degeneration. Polymorphonuclear
Leucoeytes and lymphocytes are virtually absent
from this area.

5. The adjacent areolar tissue of the host can be
traced directly into the zone of tumour forma-
tion.

As an accurate detsrmination of the
changes which are taking place in the tumour
formation area is of the utmost importance in
order to understand the true nature of the
process by which the histogenssis of the tumour
~1s brought about, a detailed description of

the anpearances presented is warranted.

At/



At what would appear to be the outer

margin of the nodule introduced a definite
Plate. 2.

zone 1is seen, even on the most cursory examina-
tion, where a band of tumour cells exists.
To the inner side of fhist that is, in the
boundary zone a difterent appearance is pre—
. sented. In this region cells which vary in
size, structure, and staining reactions,are
sgen scattered amidst granular material which
consists of disintegrated tumour tissue.
The majority of them have a spherical contour
and contain & large prominent dseply staining
nucleus, Which occupies the greater part of
the cell. With H.I.A., Pf. the nuclei of the
cells stains an almost uniform dark colour.
In some of them, however, dark granules can be
made out to exist. The cytoplasm stains a
light reddish brown colour, is very finely
granular K and contains minute clear vacuvoles.
In a few of these cells Ioreign particles can
be detected inside the cytoplasnm.

with P.R.M.G. the nuclei stain a dark
bluish slate colour. Their chromatin is seen
to be condensed and they can be made out even

in the very smallest to contain a small bright
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pyronin red granule - the nucleolus. The
cytoplasm is seen in the smallest as a scanty
rim of grey coloured material. In the larger
it is redder stained, more granuvlar, and con-—
tains the clear vacucles alrcady mentioned.

In some of them the cytoplasm is distinetly
pyronin red in its staining. Ver? occasion-
ally ons of the cells is seen, which is swellen
up, distinetly vacuolated, and containing a
horse-shoe shaped nucleus. Inside its cell
body particles of tissve debris are distinetly
visible.

With E, MB. The nuelei of the cells
which are being described stain dark blue their
cytoplasm of a similar colour, but in a lighter
shade. These cells are small and large lym-
pheeytes and show all transition forms from

these to mature Polyblasts.

In addition to these cells there is in
this region also present a fsw polymorphonuclear
leucocytes. The tumour cells and tissue of
the stroma show here signs of advanceqd de-
gensration. Some of them appear as merely a

structureless/
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structureless faintly staining mass having the
aporoximate contour of the healthy cell.
Karyorrhexis, Pyknosis, and Karyolysis are
seen to be occurring. . Some ars ssen to con-—
sist merely of a shred of cell wall of nucleus,
with a fragmsnt of cytoplasm adhefent to it,
which aceounts for the general diffuse granu-

lar appsearance seen in this region.

On its outer side this zone can be noticed
to terminate very abruptly, &t the inner mar-
gin of the tumour formation area, where leu-
cocytes, lymphocytes and their derivatives are
virtually absent. The preponderating cell
in that region is one which is large in size,
usually poclygonal in shape, and from the cell
wall of which, delicate processes are seen to
project which mest with similar processes from
other cells. The nucleus, which is large and
is usually eeecentrically placed, contains an
open chromatin network and a distinet nucleolus.

With H.I1.A.P.F. the nublei of these cells
stain a dark slate colour the open chromatin
network appears clearly and the nucleolus

which/
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which is almost always single appears as a
distinet black point. The cytoplasm stains a
reddish brown colour, but is not vacuolated
and 1is more coarsely granular than is the case
with the Polyblast.

With P.R.M.G. (Flate 11.) the nuclei stain
a light slate colour. The open chromatin net-
work appears and the nucleolus which is large
stands out as a distinet red point. The
cytoplasm of the cells whieh is finely granu-—
lar staing with this reagent a salmon colcursd
tint . fany cells are seen to be undergoing
mitosis.

These which ars undoubtedly tumour c=lls
as we know them, have ramifying throughout
them spindle-shapad cells, with a large slon-
gated cell body, a prominent nucleus and dis-
tinet nucleolus, and which stain in every re-
spect similar to the tumcur cell.

At the outer part of this area the appear-
anes again gradually alters. The appearance
characteristic of the tumour is now no longer
sSeen. The cells which are here present vary
much mers in size and structure and shreds of
fibrin are scattered throughout the field

along/



76

along with fregments of fibrillary intercellu-

lar substancs.

In this region some cells are seen which

have an appearance similar to the cell describ-

ed as being present betwesn the tumour cells.
These have an elongated spindle-shaped cell
body, a granular cytoplasm and an elongated
oval nueleus, possessing one or more distinct
large nuclecli. The nucleil of these, has an
open chromatin netwerk, K and is coaméely granu-
lar. Other cells are here seen which are
similar in every respect to the above but with
a contour which is more irregular. The cell
body of these which is large shows various
transition forms from the spindle shape already
deseribed to the hexagonal shape of the typical
tumour cell. It is usually, however, somewhat
larger in size. In this region there is in

addition seen polymorphonuclesar leucocytes

1ymphocytes' and an occasional mononuclear leu— |

cocyte with a horsa-shoe shaped nuclsus.
Further out the appearance again changes
into what can be recoghised definitely to be
the tissus of the host. The capillaries in
this region ars much gorged with blood, and

from/



from the inner lining of them endothelial cells
can be seen budding off inte their lumen.
Examination of the extra vascular tissue shows
emigratad pelymorphonuclears, an occasionszl
lymphocyte and mononuclear leuceccyte. The
formation of young fibroblasts and young en-
dothelial cells is seen immediately adjacent to
the tumcur formation area, all transition férms
being present from elongated spindle-shaped
fibroblasts to characteristic tumcur cells.

6. FIBRIN ZONE. The channel of Extrance is occupied
by a fibrinous exudate in which are many large
mononuclear leucocytes with a horse shoe-shap-
ed nueleus. These are as abundant as the
polymorphonuclasrs. The adjacent areolar
tissve here shows certain of the connective
tissue and endothelial cells swollen up and
prominently stained, but the reaction here as
compared with that present outside the nodule
is mest strikingly, much less.

NODULE/
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NCDULE REMOVED AFTER 24 HOURS.

A1l the wounds are firmly united.

Examination of a typical nodule shows
(Plate xvi. fig. 3) the porticn of tissue
introduced to be almost entirely incorporated
with the tissue of the host. As 1s virtually
always the case the nodule introduced contains
strands of dense fibrous tissue, and at one
part the periphery of it consists of this.

The contrast in staining betwesn it and the
fibrous tissus of the host is well seen when
gtained with H.FPf. The partly degenerated
fibrous tissuvs of the nodule stains a dull
brownish red, the healthy fibrous tissue of
host stains bright red with fuschin. This
distinetion is evident and the recognition of
it is of importance at the zone of tumour
formation, as here no line of demarkation ex-
ists and tags of the fibrous tissue of host can
be s=2en passing dorn through that area to the
region where numerous necrotic cells are present

At the periphery of the nodule a zone is
seen where healthy tumour cells are present.
this zone has the appearance of being situated
in the outer border of the nodule introduced.

The /
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The stroma here stains a dull brownish red except

for the thick bands of bright red staining Ffibrous

tissue which as alreadvy mentioned dip down from the

adjacent tissue of the nhost into it.

Where the dense fibrous tissue of the nodule

introduced is in contact with the tissue of the host,

as is alwaves the case, no tumour formation zone is

present, and the line of demarcation is easily made

out.

On further examination

THE NECROTIC CENTRE is seen ft0 be made up of
tumour cells in various stages of degeneration
similar to that already described. Karvorr-
hexis, Karyolysis, Pyvknosis, and cell vacuola-
tion are seen.

THE LEUCOCYTIC INVASION area forms a clearly de—
fined zone below the growinge border, the leu-
cocytis being mainly polymorphonuclear.

THE BOUNDARY ZONE is not apparent.

THE TUMOUR FORMATION AREA (Plate iii.) consists
of cells almost every one of which is a tumour
cell, the vast majority of these appear healthy
and manv are undergoing mitosis. Between
these, delicate spindle shaped cells ramifv,
These have delicate processes which meet with

similar/
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similar processes from other cells and form the
spaces in which the tumour cells are contained,
and are mainly endothelial cells although some

are young fibroblasts.

5. Passing from the area where the tumour cells are

abundant into the adjacent areolar tissue of the
host a gradual transformation occurs, At first
tumour cells are seen which are large in sige,
and as one proceeds outward all transition forms,
can be made out from these to young fibroblasts.
The differentiation of young fibroblasts from

young endotheloal cells is, however, not always

poseible. At certain parts which are clearly |

in the adjacent areolar tissue tumour cells are

seen undergoing mitosis. In addition there is
present here some polymorphonuclear leucocyies,

an occasional lymphocyte, polyblasts, and mono-

nuclear leucocvtes.

As in the previous case the reaction of
the tissue adjacent to the channel of introduc-
tion is much less intense than in that which
adjoins the nodule.

THE FIBRIN AREA. shows the usual appearance.

Below it at one part, where it is scanty, there

/
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is noticed in the outer parts of the nodule an
occasional c211 in mitoses. Thagse are faw
in number and are situatsd amidst degsnsrating

tumouyr cells.

NODULES REMOVED AFTER THRES DAYS.

The nodule is now found on examinatien to
be complatsly incorporated with ths surrosunding
tissus. Thes genaral picture seen is that of
a central mass which has undsrgone completa
necrosis boundad by a thick zone of tumour sub-
atanee which is dirsctly continusd into ths
adjacent arsolar tissus. The outaer part of
this tumour formation arsa is seen not to have

the typiecal tumour structure; it consiats of

¢3lls whichn are largsy mors irregular and spin- |

dle shaped. These éan be made out to have
been formad from the contiguous connective
tissus. Through the growing tuwnour bordsr
young capillarizss from ths tissus of host ars
se2n to pnass down right to the nscrotic tissue

at its outsr parts.
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As was found in ths orasvious
areas of tumour formation 4id not extend com-

pletely/



complétely around the nodule.

1. THE NECROTIC CENTRE. {Plate_xvii fig. 1) is now
invaded by leuccceytes.

2+ THE LEUCOCYTIC AREA. The predominating cell
here is now not the polymorphonuclear but a
mononucleated cell with a horse shoe-shaped
nucleus.

2. BOUNDARY ZOXNE. (Plate xvii fig. 2) is now
distinet. It is rendered so by a zone of en-
gorged mononuclear phagocytes which are active-
1y engaged in removing the necrotic tﬁmour
debris.

4, This mononuclear phagocyte is usuvally
a large cell with a deeply staining irregularly
crenated nucleus, in which the nucleoclus can-
not be made out. The cell body is faintly
stained with an irregular spherical contour
inside which foreign particles as for example
degenerating red blood cells, can be detected.

5. TUMOUR FORMATION AREA. (Plate iv, v.) shows
abundant mitoses to be present, and new formed
capillaries ramifying throughout it. Levecocy-
tes are virtually absent from this area.

6+ ADJACENT AREOLAR TISSUE. (Plate xviii fig. 5 B9
shows very active formation of yourg fibro-

blasts many of which are seen to be undergoing

Karyokinesis. All transition forms from these

to/
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to tumour cells are ehle to be made out.
Situated deep inside the adjacent areolar

tissue of the host typical tumour cells are

present which are undergoing division. The |

o |
blood vessels of this area show evident reacfioq

|
Thev are encorged and have outside them aceurni— |

lations of cells which are mainly of the 1lym- |

|
phocyvte tvpe and are going on to form Poly-

blasts.
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EXAMINATION OF NODULE REMOVED AFTER EIGHT DAYS

The skin wounds are now united by firm
fibrous adhesions. The nodules ares seen %o be
situated in the subecutansocus tissue and ars about
the same size as the vortions introduced. They
are firmly incorporated with the surrounding varts,
so that they can be dissected out and the changes
vresent in the adjacent tissues of ths host exam-
ined without difficunlty. The changes which the
nodule has undergone and which its vresence has
induced are found on nmicrosconical examination to
correspond very closely to those already described
a8 being vressent in the earlier stages. The area
of tumour feormation is, however, so rmuch enlarged
that it now assumss the appsarance of a definite
tumeur. The nodules in this cass were larger and
more fibrous at the time of introduction than was
the case in the esarlier experiments. The amount
of necrotic tissus is corresvondiingly greater.

THE NECROTIC CENTRE (Plate xix. Fig.l)
shows advanced cellular degeneration. The tumour
structure can no longer be made out. The whole of

the tissue here stains with H and E, a uniform dull

red/



radg ceolours The outline of the tumour cells is
seen, but any indication of intracellular structure
is, in the majority of cases completely awanting.
It is vossibls in some cases, however, to make out
the contour of the nmucleus, which stains slightly

darker in colour. No healthy or degensrating

of the tissue of the stroma and included wvortions
of fibrous tissue is faintly visible. The major-
1ty of the connective tissue cells have a homogen-—
e0us avvearance. In some, however, the nucleus
can be made out more clearly and the cell degsner-
ation is seen to be in them not so ccmplets.
Throuzhout the centre of the nodule minute darker
staining varticles are seen which appear like éooci.
These.are fragments of chromatin situated inside
and in other cases outside deganeratad‘tﬁmour cells.
2. THE AREA OF LEUCOCYTES INVASION does not now
stand out as a definite zZone. In this situation,
however, that is, towards the outer part of the

| necrotiec tissue, mononuclear phagocytes are vresent.

Very many of these have their cytoplasm swollen up

and vacuolated, and containing foreign varticles.

The stroma of -the necrotic tissue is sesn faintly

as/



as a skeleton frameswork from the spaces of which
the tumour cells have been zslmost entirely removed
by the action of the vhagocvtes.
3. Betwesn this area and the tumour formation area
in the region svoken of as the "Boundary Zonem, a
new apvearance is now seen for the first time.(Plate
| xviii. Fig.2)- A zcns of tissue exists here having
an apvearance axin to that of granulation tissue,
and in which numercus cavillaries are visible, form-
ed and in the vnrocess of formation. The endothel-
ial cells feorming the walls of these are delicats,
elongated, spindle-shaped structures, which stain
| in a manner similar to that already described.
The contrast hetween them and voung fibrotlasts is
here able to be made out distinetly. The former
is uesusglly smaller, its ceytoplasm is much more
homogeneous. outside the cavillariss in many
cases voune fibroblasts are visible in contact with
their wall. They are also seen separate from the

asels. When stained with H.I.A.Pf. their intra-

<
D

cellunlar structure is well brought out. By this
stain they avppear as large cells which possess a

i broad slongated contour and somewhat spindle-shape,
the nmuclens of which is large and oval, has an

open/
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open gramlar network, and contains a large dark
meleolus, The cell body which is gramilar, has
longitudinal dark striae,

In addition to thess cells, numerous poly-
morvhonueclear leuccevies snd lymphocvta-1like cells
are visibls,. With the same stain as that used
above, these latter cells stand out prominently
owing to the deev black homosgeneous staining of
their nuclei, and darker finely granualar cviovlasn.

Young hlood vessels can be seen to be
growing from this area into the necrotic zone.
These are accompanied by, and have an advance guard
of, the above described lymphocyte-like cells "the
Polyblastsn, Where these are removing the tumour

dsvris they are swollen np sometimes to twice
their original size, due to the enlargement of the
cell vody which is vacuolated. The nucleus, on
the other hand avpears if anything somewhat smaller,
and is usually crenated.

4, THE TUMCUR FORMATION AREA is now seen to oe
larger but is not uniformly distributed around the
whole of the nodule. It is found at isolated
areas, vplaces, where praosumably the tumour cells
of the nodule intrecduced were directly in contact
with the tissues of the hest. Where the tumcur

formation/
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formation area 1s absent, a broad band of organis-
ing gramilation tissue extends from the adjacent
areolar tissue to the nscrotic tissue of the nodule
introduced. The histolecgical structure of the
tumonr formation area is such that cells which in
the majority of cases have a uniform size, structurs,
and staining reaction ars seen arranged inside
svaces which are formed by delicate capillaries.
Inside the svaces the cells are arrangad in a com-
pact manner, and the outline of them is not always
able to be made out'clearly; they can be made out,
however, to possess the characteristic polygonal
shave, and from many of them, delicate vrocesses
pass off to blend with similar processes from other
cells. In some the cell body appears blunt and
spindle-shaped and has an oval nucleus. The nuclei
of all the cells are large with a very svident
reticular network in which the dark granules of the
net knots are clearly visible. The nucleoli which
are usually single_are large and evident.

Many of these cells are seen to be under-
going karvokenesis.(Plate xx. Fig. 2)

No intercellular substance can be made

ont, and in the centre of the growing tumcur apart

from/
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from the cell described no other cell is visible.
The spaces which are formed by delicate
drawvn out svindle-shaved endothelial cells vary
much in size and'shape. The structure seen here
is typical of that of the ravidly srowing tumour.
The absence of lympvhocytes and their
derivatives from the centrs of the tumour is worthy
of note.
5. THE ADJACENT TISSUE OF THE HOST is partly
areolar and nartly dense fibrous tissue. In both
cases the tumour cells are seen invading it.(Plate
xIxes Flg:3)s In the latter case, the interfibrill-
ary ground substance is seen to be loosened and
disintegrated, and lymphocytes and larger cells,
Polyblasts, are present at this vart of the tumour
in moderate amcunt. No engorged and vacuolated
phagoevtaes can be made out; a few clusters of
spindle;shaped voung fibroblasts are here seen at
certain areas. Very occasionally cne of these 1s
noticed to bhe undergoing mitosis. It is a very
rare cccurrence to meet with an area, where the
fixed tissue cells at the site of tumour invasion
show any evidence of degenseration. Where it is
areolar tissue whieh is being invaded (Plate xxi.

Fig. 1), a similar appearance is presented. In

the/
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the ccnnective tissue strands of it, connective
tissne cells are increased in amount, and many of
thase avoear to have been rascently formed.

In the adjacent tissve, beyond the tumour
border, especially in the neighbourhood of the
blood vessels, cells are sesn, (Plate xx. Fig.l)
which are mainly of the lymphocyte tyve, and from

them transitional forms can be traced to larger
cells similar to those described by Maximow as
Polyblasts.

EXAMINATION/
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EXAMINATION OF NODULE REMOVED AFTER TEN DAYS.

The avvearance presented here is vary
similar to that seen at & days. The cells of the
tumour in the necrotic centre have undergoné Com-
vlete nscrosis.

Young capillaries accompanied by adventit-
la cells dip down into this necrotic tissus at its
verivhery. No definite zone of leucocytic invas-
ion exists, but at the border of the necrotic tissue;
here and there a mononuclear phagocyte is seen,
which 1is enlarged and contains debris inside its
cvtoplasm,

The boundary zZone is 1like that in the pre-
vious case reprcsented by cells which have the
structure of gramlation tissue. The tumour form-—
ation area is definite and has a structure similar
to that described. Few lymohocyte—-1like cells are
present throughout it, but at its outer part where
it is invading the surrounding tissue, these are
more abundant. Throughout the tumour arsa many

cells are noticed in various stages of indirect

division.

The adjacent tissue is seen to be baing
invaded by tumour cells and young fibroblasts are

present/
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present in increased numbers;

also undergeing mitosis.

EXAMINATION/

some of these ars
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EXAMINATION OF XODULZ REMOVED AFTER FIFTEEN DAYS.

The necrotic centre is stiil present.

The boundary zone is represented by a band of gran-
nlation tissue which can at some varts be seen to

be splitting up the necrotic tissue by large finger-
like projections into it. (Plate xxi. Fig.zd

Tumouf Tormation area is large and uni-
cellular, the tumour cell alone being pressnt inside
the delicate cavillary stroma, in the centre of it.

At 1ts extending margin it is noticed to
be flooding the surrocunding fibrous tissue with
tuméur cells, which are extending along the oxtra-
vascular connective vlanes, the so-called perivas-—
eular lymphatics.(Plate xxii. Fig.l)

The isolation of islands of dense fibrous
tissue and their inclusion inside the developing
tumour is by this means being brought about. The
adjacent tissue of the host shows an increased num-
ber of voung connective tissue cells, which appear
40 have bheen formed by diresct division. Mitosis
;‘can, however, very occasionally be made out to be
occurring in these cells. No evidence of call
destruction is visible at the periphsry of the

tumour, where it is invading the surrounding tissue., |



THE INFERENCE OF THESE EXPERIMENTS.

After 15 days from the dats of inoccul-
ation the tumour can be made out aven to the nak-
ed ave 10 have become definitelv extablished.

This therefore is a convenient time to brsak off

from considering the description of the avvearances

seen in the serial sxyverimental incculations carri-

ed out to trace the 1life cycle of the tumour, and
to look back at the changes which we can claim to
have vnroven to occur in associationshiv with ths
origin of the naw growth.

At the very outset it is clearly shown
that valpation of the nodule in no way gives an
indication of its progress in tumour development.
The avvarent retrogression being exvlained by a
more rauid rescorvition of the necrotic tissue of
the wortion introduced than new tumocur formation
at its perivhery.

The reaction ﬁhich the intrcduction and
vresence of this foreizn body in the tissues of the
new host excites follows the lines, as one would
naturally expect, of the cardinal changes assoc—
iated with the inflammatory process.

At/



At six hours the vescels of the surrounding
tissue are seen to be mich engorged. In manv the
classical picture is obtained of an axial column of
Red Rlood Corpuscles with a peripheral ring of leuco-
cytes adherent to the vessel wall, through which leu-
cocvtes, mainly polymorphonuclear cells can bhe made
out to bhe emlegrating. These celle are sbhbundant in
the tissues of the host outside the vessels and are
also seen in the fibrin area, énd in the nodule
introduced.

The variety and proportion of the cells of
the inflammatory exudate correspond closely with thaﬂ

26
found at this period by Beattgeagn his study of the

cells of the inflammatory exudate present after intra

peritoneal injection with Bacillus Coli Communis,
polymorphonuclear leucocytes are most abundant, mono-
nuclear ¢ells, lymphoeytes and mononuclear leucocvteﬁ
are, hdwéver, also seen in addition to a very occa- i
sional eosinophile leucocvte, The situation of
these is of interest.

In the adjacent tissue of the host and in
the layer of the fibrinous exudate the customary re-
lative proportion is maintained. Deep in the de- |
generating tissue of the nodule, in the area spoken

of as the zone of leucocytiec invasion, the polymor—

phonuc 1ear/
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bolymorvhonuclear lsucocytes alons are present, in
a manner simllar to that obtained by Maximow who
found in the centres of tha capsules he introduced

at first the volvmorphomiclear alone present. The

rmononiclear cells are also at six hours seen to

have emicrated into the nedule. They, . however, do

not venetrate so deevly as is the case with the

velymorphonuclear, The presence of the volymor-

vhonuclear is associated with a concomitant cell
destruction in this area, although actual phago-
cytosis of cellular ﬁebris by them is not apvarent.

The negatively chemiotactic influence of
the living tumour cell is well shown at the outsr
growing border, (the tumocur formation area), where
lsucocytes ars virtually absent although through
it the white blecod corvuscles mist have nassed to
reach the degensrating tissue beneath.

In the later experiments the relative

vrovortions of the various cells seen in the nec-

rotic tissue at different vericds, corresponded very

closely to that proved by EBeattie to be the case in

the non-fatal cases of Peritonitis. The polymor-

| phonelear is most abundant uv te three days. it

then graduvally diminishes and is virtually entirely

absent/
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absant on the &th day. It is vressent but not
abundantly in the granulation tissue zone at this
period.

Of the other cells of the inflammatory
axudate which are vresent, the lympheeyte and the
large monemieclear leuccceyte of Ehrlich are seen and
the evidence here would bear out, the now generally
recognised fact, that both these cells migrate
from the blood stream, and act as cellular phagoevtes

The latter cell is aspecialiy sean in
the earlier inoculations from 24 hours to the third
day.

The mononuclezr cells of the l?mphocyte
type and their further derivatives, the Peclyblasts,
would avpear to ba the most imvortant cells present
during the histogenesis, growth, and disappearance
of the tumocur. The role which they vplay, will be
| referred to in detail later. The source of the

Polyblasts would apvear at first undoubtedly to pe
" almost entirely from lymphocytes which have emigrat-
| ed from the blood stream, as Marschalko, Maximow,
| and others maintain.
During the growth of the tumour and the

disavvearance of it, there will be seesn to be, how-

ever./
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however, evidence in support of the arrival of
these cells by the lymphatic vessels, and their
emizration from these into the tissue of the nod-
unle.

There 1s no evidence in the cases axamin-
ed by me, of the poasibiliﬁy of isolating as a sep-
arate entity rthe wandering cellv as a special 1lym-
phocvte-1like cell of the tissue, as Pappenheiézégd

(35) :
Dominici would claim. from which thess cells of the
inflammatory exudate could be derived.

After immizration the lymphocytes under-
o a gradual process of development, similar to
that which can be well seen in the reaction induced
in lymphatic glands by certain toxins. The cyto—

plasm of the cell gradually enlarges, it develops
inside it a substance which stains faintly, and
later a dark rose colour, with P.R.H.G. Thé clear
svot containing the cenfirosome apvaratus becomes
evident, and is sesn in contact with the nucleus,
which is large vlaced, sccentric, and contains a
dense chromatin network, which stains dseply and in
which a small miclsolus can usually be made out
distinetlyv. These cslls which correspond to the
Polyblasts of Maximow, are seen at 8 hours, present

at 24 hours, abundant at 3 days. They are always

absent/
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ahsent from within the tumcur formation area, ex-
cept at its extending border. They are present in
the granulation tissue zone and always abundant in
the adjacent areolar tissue just beyond the extend-
ing margin of new growth. The role which they
vlay and their relationship to Plasma cells will

be discussed when considering the later stages of
the 1ife cyele of the tumour.

Neither the operation of 1ntroduétion,
nor the nresence of the foreign body, avnpears to
have caused death of the surrounding cells to any
appreciable extent.

At six hours the adjacent connective
tissue cells are swollen up and have an appearance
similar to that seen prior to cell division. The
endothelial cells show a similar change. It is
Drobable-that already young fibroblasts have been
formed by direct, and in one case by indirect cell
division; but this is not capable of absolute proof.
The changes which occur around inert foreign bodies
correspond closely to those described. If the
formation of fibroblasts has occurred, however, this
has taken place at an earlier period than is usually
found in similar cases.

(27) .
Kiener and Duclert in their work upon

the formetion of the abscess membragne describe

similar/
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similar enlargement and definition of structure
of the adjacent connective tissue cells.

I have never been able to make cut the
coleured partition at the squatorial vlane which
they fipgure as indicative of direct coll division.
I have however seen two nuclei sevwarate inside one
¢ell which they describe as occurring during that
process.

At 18 hours the formation of fibroblasts
and transition forms from these to Tumour Cells
can be made ont. Young endothelial cells are al-
readv preseﬁt in the outer part of thes fumour form-
ation area, and in one case, mitosis is ssen in the
endothelial cells of a lymphatic capillary, which
is directlv in contact with the tumour cells of the
nodiile.

At thres davs the formations of young
fibroblasts and the develcocoment from them of tumour
cells is seen to be occurring very actively in the
tissues of the host at the outer part of the tumour
formation area. Mitotic fizures in these being
here apuvarent. Young cawvillariss can also now be

made out vassing from the tissue of the host into

the tumour formaticn area.

At/
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At 8 days the adjacent arcolar tissue of
the hest is sesn being invaded by Tumour Cells, the
adjacent connective tissue cells are incressed in

mutber and show transition forms t0 Tumour Oells.

f—=te

itosis in the former has been seen, but is now not
conmmonly found.

At 15 days a similar change is prosent.

CHANGES 1IN NODULE INTRODUCED.
In every case the centro of the nodule

shows early and extensive dsgseneration. After six

neurs this is found to be prosent. The chrcmatin

of the nucleus shows alrecady Iin some cases conden-—
sation, in others fragmentiation, and in still others
solution and diffusion.

A similar piece of tumour kept.for a like
period in normal saline solution at body temperature
does not show this change.

The cell degeneration affects in this area
all the comvonent varts of the tissue intrcduced.
The tumour cells are the first to show alteration.
The stroma, however, also degenerates. At three
davs hyaline degeneration is noticed to be vresent
in the fibrous tissue introduced.

PRESENCE/



PRESENCE OF MITOSES. At 6% .hours they
are presant in the tumour celis in the centre of the
nodule., These avpear to be degenerating celis,
however.

At 18 hours such are absent from the centre
of the noduls, but recent mitoses ars seen decv in
necrotic tissue and on the surface: at this veriod
there is also seen abundant mitosis at the growing
horder of the Tumour Formation Area.

At ons day thsey are found abundantly in
the Tumour Formation Area, but are abhsent elsswhere,
except for an occasional one in one nodule, where
a delicate layer of fibrin sevarates the noduls
from the tissue of the host.

At three days thsy are very abundant in

the Tumour Formation Area.

At eight days they are even mcre abundant.

W

Tripolar mitosis was seen in one section.

0 ONGLUSIONS/
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CONCLUSIONS REGARDING THE AISTOGENESIS OF THE TUMOCUR

The Tumour Fermation Area is vresent only
where tumour cells of the nodnle introduced ars
Airectly in contact with the tissue of the host
from the first; here tumours form. At other parts
granmilation tissue forms betweoen the two surfaces.
At no veriod can complete death of the ftumour cells
ot the nodule introduncad hs made out associated .
with the crsation of a Tumour Formation Area defi-
nitely within the tissues of the host adjacent.

At 18 and 24 hours and 3 davs. there are seen cells
which are identical in avwvearance and ars obviously
derived from two sources; both undergoing active
mitosis, Timeur cells of the nodule introduced, and
gimilar cells frcm the tissus of the host.

The tumour is thus sean to be formed by
certain of the perivheral cells of the nodula intr07
dueed, living and actively dividing and at the same |
time altering the process of revair in the surround-
ing connective tissus cells.

It induces an intense reaction which sc
affects the connective tissuse cells, that instead

of‘/
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of going on to form maturer fibroblasts they remain
immature and continue to actively divide, having
acquired the character of a sarcoma cell, as which
they will 1live and ultimately die, without ever
agalin develoning into mature fibroblasts, and form-—
ing fibrous tissuss. This virus is one which is
only conveyed by direct contagicn.

Heow far each sourese of the twmour cells is
rasponsible fer the ultimate tumour formed, it is
impossihle to say, and from the nature of the change
which occurs can nsever be accurately determined.

The Capillary stroma of ths tumour formed,

is ereated from that of the tissuss of the host.

!

At 18 hours endothelial eells in the capillaries o
the host can be seen in mitosis. and wnenetrating
the Tumour Formaticn Area. At 34 hours this is
also evident and at 3 days naw capillariss are sesen
to have conpletely vermeated the zone of new tumour
formation.

I thus cannot agree with Bashford whose
ovinion I, at one time, was ineclined to homolozate,

when he said that the tumeour fermed at the site of

incenlaticn was created entirely by a transformationl

of the connective tissues cells at the site of inc-

culation/



105.

inocculation into tumour cells. I fail to perceive,
also, how he is able after the facts I have brought
out, to state that the tumour cells introduced
degenerate very rapidly, a few only retaining their
vitality for a pericd of not more than three or four
days.

T also canrot agree with Stricker when he
claims for the tumour created an origin entirely
from the nodule introduced, and states that the tis-
sues of the host in no way take part in the creating
of new ftumours,.

T agree with Beebe and Ewing when they
state that the tumour is formed from the éells of
the nodule introduced, but instead of only consi-
dering it possible that it may be added to by new
cells formed from the tissues of the host, I would
claim that its stroma is formed from this source,
and that to a very considerable extent this also

serves to add to the scurce of new tumour cells.

THE/
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THE LIFE CYCLE OF THE TUMOUR

(contd.)

We have sea2n how the inoculation of a
portion of the tumour into the subcutaneous tissves
of anothsr animal produced after 15 days a nodule
which had, to the naked eye, and on microscopical
examination, characters similar to that of the pre-
vious gensration. We will now proceed to examine
nodules removed at later periods to dstermine the
| process by which the growth reaches its maximum size
| and then undsrgees gradual resorption and finally

| disapoears.
EXAMINATICY of NUDULES removed after TWENTY-TWO DAYS.

The nodules in all the cases examined
could be made out to have increased much in size
during the third week. They were now usually the
| size of hazel nuts, and could be removed with ease
| from the subcutansous tissue. They appeared as if

they were encapsulated and on sections had the uni-

form/
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uniform fleshy consistence characteristic of the
tumeur. In none of them could evidence of the
necrotic tissue of the portion introduced be made !
out. . I
The appearsnce presented on microscopical |
examination differed in many respects irom that pre- |
viously seen. In a typical case it was as follows:-
The centre cf the nodule shows no evidencei
.
o1 the previocusly described "neecrotic centre" orx :
"soundary 2zone of granulation tissue'. i1t is made
vup entirely of tumour tissue. This consists of a !

delicate capillary stroma with an occasional strand

of fibrous tissue forming spaces thot contain cells,

which are characteristic in every respect of the ty- |
piecal tumour cell.
The most striking festure which is notiece-

able is the number of these whieh are undergoing

mitosis (Plate xxii Fig.2.) Throughout every part

of the nsw growth is this change evident. At some

parts the number of dividing cells is so great that

as many as ten can be seen in one field in various

stages of karyokinesis. Tripolar mitosis is not
uncormmenly met with.
In contradistinction to what was seen at

15 days, the tumour mass is not now unicellular in

nature./
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nature. In addition to the tumour cell there is
now occasionally seen another cell which is in al-
most every case small in size and has all the charsac-
teristics of the lymphocyte. These are seen ar- |
rangad in contact with the capillary stroma and at |
some parts of the tumour, transition forms from these
to the larger cell called "the Polyblast” can occa-— |
sionally be made out. When such is present it is
situated away from the stroma inside the tumour
space.

The lymphocytes can usually be made out to:
be arranged around blood capillaries, but here and
there throughout the tumour what would appear to be
lymphatic cavpillaries (Plate xxiii Fig.l.) are pre- i
senti:- These have inside them a large number of
cells, the majority of which are small in size and
stain 1like the small lymphocytes, but some are larger
in size swollen up and vacuvolated, and in one case
what would appnear to be degensrating tumour cells are

present inside the lumen. Very occasionally an

|
ecsinophile leucocyte is seen amidst the tumour cells

(Plate xxiii Fig.2.).
At the periphery of the tumouvry many small

blood vessels (Plate xxiv Fig.l.) penstrate it.

These contain r=d bhlood corpuscles polymorphonuclear |

'1eucocytes/ ‘
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leucceytes, lymphocytes and eosinophile leucocytes.
The two latter are always more evident than is cus-
tomary in health. These blood vessels are rendered
moée evident by the lines of lymphocytes arranged
parallel to and in contact with their outer walls.
At the outer bordér of the tumour the
flooding of the surrounding tissues by the tumouyr
cells is no longer apparent (Plate xxv Fig.l.) An ;
inereassd numbsr of fibroblasts scme of which are ini
mitosis, (Plate xxiv Fig.2.) are hsra present.
These, however, instead of showing in the majority
of cases transition forms to tumour cells are mostlyi
elongated drawn out spindle-shaped cells which are ‘
arranged with their long axis wnarallel to the outer
border of the tumour. In this region lymphocytes
and their derivatives are found in moderate abundance
scattaered irregularly throughout the fibroblasts.

An occasional small haeﬁorrhage is seen to-

wards the outer part of the tumour.

EXAMINATION of NODULES removed after
seventyv-four days.

This period was chosen as for nearly a

fortnight the tumours had remained stationary in
| size and now commenced apparently to undargo gradual
resorption.

The /
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The nodules could now be seen projecting
underneath the skin as large masses, the size of
billiard balls. They were usually non-adherent to
the skin and moved fresly on the subjacent tissues. |
When excised they were found to be distinctly encan-
sulated, and on section the tumour had the charac-
teristic appesrance.

Microscopical Exanination shows an appear-
ance very similar to that describsd as present in
the sporadic tumour. Its stroma is made up mainly
of capillaries, but here and there portions of fib- i
rous tissue are included inside the tumour mass. |

The arrangement of cells (Plate xxv Fig.2.)
inside the spacss is not s¢ compact. The tumour

cell is much the most abundant cell uvnit present,

but, in addition to 1it, there are also here present

1
other celle which show all transition forms from
tyoical lymphocytes to Polyblasts and an occasional
Plasma cell. Mitosis is seen in some of ths tumour.
cells; but this is not anything like so evident as
'was the case in the previous experiments. The peri-
phery of the nodule is seen to bs definitely encap-
sulated (Plate xxvi Fig.l.) It consists of a
laminated border, made up without of denser fibrous |
tissue and within this layer upon layer of fibrous i

tissue/
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tissue, each representing a more rscent stage of.do—
velopment aé it approaches the tumour substance
(Plate xxvi Fig.2.) Neuar the outer border of the
tumour the-davelopmsnt of the young fibroblast and
the formation of fibrous tissue is especially well
SEeen. With H.I.A.PF. the Tibroblasts appear as
elongated cells with anoval nucleus which contain an
open chromatin network and usuvally two or three
distinct dark nucleoli. The cell body is drawn out
and has dark strias running parallel to its long
axis. At the outer border of the cell, in many rose
red striae are seen, and outside the cell an inter-
cellular fibrillary substance is present which stains
in a similar manner. In this laminated border bet-
ween the fribrous strands other cells are present, K - |
an occasional lymphocyte is seen but the majority
are larger cells which with P.R.M.G.have their cell
body stainsd rose red and containing a large clear
vacuole close up to the eccentrically placed nucleus,
which is condensed and contains a distinet bright
red nucleoclus. Most of these have a spherical or
polygonal contour, some, however, can be seen which
have their cell body drawn out and are more granular,
and would apnear to be settling down as sensile ad-
ventitia cells. Transition forms from them to tyvni-

cal/
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typical fibroblasts forming fibrous tissue cannot,
however, be detected.

In addition to these cells a degenerating
tumour cell is occasionally seen here.

Throughout the tumours, especially where
the dense fibrous bands are pressnt, (Plate xxvii
Fig.l.) a similar anoearance is ssen. Young fibro-
blasts which are developing fibrous tissue and have
between their strands, cells like those described
before, are seen. In the tumour substance adjacent
to them lymphocytes and polyblasts are abundant, and
tumour cells are few in number,K such as are present
being in almost every case degenerated, some appear-
ing merely as ghost-1ike outlines, others showing
that form of karyorrhexis in which the fragmented
chromatin is arranged around the periphery orf the
| nucleus. Polyblasts are very frequently found
arranged in contact with these cells, and phagocyto-
sis of tumour debris by the former is not infre-

quently noticed.

The tumour shows, in addition to the cells,

| alresady described, numerous eosinophile leucocytes
at certain narts. With E.lB. the bright resd gra-
| nules of these stand out distinctly,6 as large cir-
cular particles. In some cases these cells are

seen/
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seen ruptured and similar granules are evident,K bet-—
ween the tumour cell, inside some of them, and insids
some of the Polyblasts.

As several haemorrhages were present,
especially underneath the capsule, these granules
were sxamined for the presence of an iron reaction

with HCL. K FeG_N. This was found to be absent.

4 & 8

EXAMINATION of MODULLZS removed at one |
hundred and eightesn days. i

Several of the nodules had already in this |
case disappeared and such as were palpable could be |
rnade out as small minute structures the size of mil-|
let seeds, situated in the subcutansous tissue,(Plate
XxXvil Fig.2.) i

Microscopical Examination shows here:- a
minute nodule of tissue having to low power examina-
tion somewhat the appearance of tumour structure
situated in the centrs of.a thick laminated (concen-
trically arranged) capsule of fibrous tissue.
| More detailed examination shows the centre
of the nodule to be mads up of cells, (Plate xxviii &

Plate V.A.

Fig.1l.) almost every one of which is not a tumour

cell. Here and there, lymphocyte-like cells are

present; but the preponderating cell is one which
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is large and stains with E.MB. a deep blue colour.
The nucleus stains darkly. Its cell body stains a
similar dark blue colour and contains in every case,
a clsar vacuole on contact with its nucleus. With
P.R«MG. these cells stain an intense bright red
colour, so much so, as from ﬁheir abundance to im-
part a bright red colour to the whole rield, when
seen with the low power of the microscope. The !
red staining is confined to the cell protoplasm in
which the clear space already describesd is very
evident. The nucleus, when it is not obscured by
the superimposition of protoplasmic substance, stains
a dark slate-blue colour, and contains inside its
coarse c¢losely set chromatin 11.etwork_a bright red
coloured nucleolus.

|

Careful examination shows (Plate xxix Fig.

1l.) an occasional tumour cell to be present amidst

these cells. In no case can a tumour cell be nmade
l
out which shows evidence of cell division and all of

them that are visible, show evidences of advanced |
degeneration. Many are only detected as faintly
| stained structures possessing the general contour of |

the standard type, others are visible which stain

faintly and are vacuolated.

Examination/
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Examination of the laminated border of the
nodule shows (Plate xxix FPig.2.) it tol consist of
layer upon layer of d=anse fibrous tissue which to-
vards its innsr surface (Plate xxx Fig.l.) is of
more recent rformation. Between the fibrous strands
c311s are present which stain bright red with P.R.MG.
and, as in the orevious case certaln of these are
seen drawn out to form sessile adventitia cells.

In addition there is also hers present 2 very occa-
sional degenerating tumour cell.

No haemorrhage is present in the nodule
and no coarsely granular eosinophile cells can he

S8EIN.

! EXAMINATION of the site of a NODULE which had dis~-

appeared after ONE HUNDRED and EIGHTEEN DAYS.

To the naked sye nothing could be seen in-

| dicating where the nodule had previously been.

Sections of the area, however,K showed on
micreoscopical examination (Plate xxx Fig.2.) the
' site of the tumour to be almost unrecognisable.
Wavy bands of ﬁense fibrous tissue couvld, however,
be made out betwessn which at certain parts lymvho-
cytes and their derivatives polyblasts could occa-

sionally/
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occasionally be seen, These polyblasts vresented
the apoearance of either the typical meononucleated
phagoeyte or had their protoplasm laden with debris.
As in the prsvious cases the settling down of cer-
tain of these cells to form sessile adventitia cells

wag apparent .

THE /
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THE IWFERENCE OF THESE EXPERIMENTS.

Consideration of the afore mentioned.
facts shows csrtain constant characteristics to be
assoclated with the later stages of the life cycle
of the tumour. At 22 days the growth of the tumourl
which had praviocusly been to a large extent dus to
the formation of new tumcur cells from the adjacent
connective tissue cells is now seen to be virtually |
entirely accounted for by the active division of ‘
thoee alread? formed. The process of formation of |
additional tumour cells from the adjacent tissue |
continves. The vast majority of the young fibro- i
blasts now formed, however, procéed to the formation;
of fibrous tissue, by which means the encapsulation
of the fumour is to be brought about. In this re-
gion lymphoeytss and their derivatives are present
and these ¢ells mostly of the true lymphocyte type,
are also seen as extravascular accurmulations
throughout the tumour stroma, but are virtually

absent from amidst its cells.

At seventy-four days the growth of the
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nodunle is found to be entirely due to the division

of its own tumour cells, and this is not proceeding
so actively. The tumcur is now definitely encap-
sulated. The capsule is formed from the adjacent
tissue of the host which now instead of forming new
tumour cells to help to extend the border of the new
growth is forming cells which are cresating layer
uporn layer of fibrous tissue which is gradvally en-
croaching vpon and dinminishing the size of the noduls
The polyblast is in this region abundant and can now
be made out in some cases to he settling down to form
a s=283s3ile adventitia cell.

This change is also seen inside the tumour |

mass where fragments of fibrous tissue exist. The
formation of fibroblasts from them is here also
occurring and the creation of additional fibrous tis-
sue by this means is apparent.

Throughout the tumour the lymphoeyte and

| the polyblast are now evident. These are now much
more trecuently of the nature of mature mononuclear
| cells "Polyblasts" than was previously the case and |
they are always vpresent where new formation of fib-
rous tissue is proceeding and tumour cell degenera— |
tion is oceurring.

The sosinophile leucocyte was present in

excess/ |



excess in two cases at this time. This was not,
however,K a constant phenomenon in all the cases
. examined.
The tumour mass at this period as is so
- often found during its decline shows an occasional
haemorrhage.
The blood vesssls entering show an appa-
. rent inereased numbher of lymphocytes. Chann=als
that would apoear to be lymphatics exist,K some orf
which contain largs numbers of lymphocytes of the
| standard undifferentiated type, while others contain
in addition their derivatives polyblasts and possibly
degenzrating tumocur c=slls.

At 118 days; the disapvearing nodule con-
tains tumour cells all of which are degenerating.
iThe capsule has encroached almost completely upon the
' nodule. The lymphocyte is pfeﬁent but it is mainly |
!its derivatives the polyblasts and more especially
| the Plasma cell which is flooding the tumour area.
!Phagocytosis of the tumour cells is evident but not
to any great degree. Tumouvr cells which are
structurally intact in every respect bt show signs
of obvious degeneration by their staining resctions.
|

are present in many places.

A nodule which had disappearsd at this

peliod/
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period 1s found to be represented by dense Tibrous
tissue from which the polyblasts have almost disap-
peared some can however be seen, remaining as

adventitia cells.

CONCLUSICNS/



CONCLUSICNS REGARDING THE GRCOWTH AND DISAP-

PEARANCE 0¥ THE TUMOQUR.

The formntion of additional tumour cells

from the surrounding tissues continues until the re-

action of the tissues of the host is such that it is__

able to resist the action of virus, encapsulation
now occurs.

The growth of the tumouvy graduvally abates
and with this, the lymphocyte is found, mainly now

developed into the polyblast throughout the tumour

substance. Where such are present in numbers tumour

qell degeneration is advanced.

The final disappearance of the tumour is
associated with a flooding of the tumour formation
area with lymphocyte polyblasts and plasma cells.

With the disapvearance of the tumour the
lymphocyte-tide recedes leaving an ocecasicnal cell

| ag a fixed connective tissue cell.

The only published records which exist of
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the later atages of the life cyele of the tumour are

I The brief note by Bellingham Smith and Wash-
bourne who say that "thes tumours formed dis- -
apopear by ulceration"

2 The opinion exvressed by Strickxer who after
describing the haemorrhages so freduently met |

with in the disappearing tumours attributed

to them the disappearance of the growth.

The facts of the 1life cycle as stated by i
me were found to exist in one animal at the various
dates mentioned from three days onwards. Similaxr i
changes were also found to be occurring in several |

other animals whiech were examinad.

DISAPPEARANCE OF NODULE BY ULCERATION.

Examination of nodule remeoved 381 dave aiter inocula-

The nodule was a minute pea-like structure
over which the skin was ulcerated.

Examination showed (Plate xxxi Fig.l.) the
ulceration present tc be & mere coincidence dependent
on a previous involvement of the skin.

Micrcscopically/
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Microscopically the ulecer was found to
consist of normal granulation tissues.

The subjacent nodule was found to be under
going gradual absorption. Tumour cells which were
mostly degenerat=ad but one of which was undergoing
karyokenesis were present (Plate xxxi Fig.2).
Polyﬁlasts were present in greater abundance in the
nodule than in the ulesr. Some polymorphcnuclear

leucocytes were seen in both areas.

EXAMINATIOH/ .
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EYAMINATION OF THE BLOOD OF THE DOG DURING

THE . GROWTH OF THE TUMOUR.,

It was obvicus when the lymphocyte and its
derivatives were found to vlay so important a part
amination of the blood at stated intervals would

give facts worthy of note. This was dons.

The blood of eight animals was cxaminead.

No. 1. Sporadic Tumour No. 2.

The tumours present on the Panis had besn

(0]
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thres months vreviously and had not recurred.
The averagse cof lymphocytes and mononucleat
ed cells was found to be slightly higher than is the |
cass in the normal dog. Its blood was =xamined on |
four occasions during two months and practically no
variation occurred.
No. 2. (Animal No. :29) A large brown bull terrioxn
Its blood was sxamined on the day priocr to
the inoculation and'daily for one month. At the

end of whiech time the tumours had zZrown to masses as

large/
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large as pnigeons' eggs, Bxamination of the chart

avpended shows how an initial lsucocytosis occurred

which rapidly subsided. A marked relative diminu- |

tion of the Polymorpvhonuclear leucocvtes with a
corresponding increass of the monunucleatsd cslls
and alsc of the Eosinovhilss took place.

The exgﬁination was discontinued at the
end of this period owinz to the animal having con-

tracted mange.

No. 3. (Fox cub. No: 2.)

This animal had at the time of the first
examination small tumours dsveloped. It showad a
very marked diminution of volymorvhonuclsars and in-
crease of lvmphocytes.

Its blood was examined on 10 separate oc-
casions but owinz to an eosinoovhilia dAue to intes-
tinal round worms, the vacords weres in the later

cases invalidated.

The other animals showed a similar change
to a lsssar degran. For full partieulars c¢.f.
apvendix.

From the results obtained it would apvear
that the growth of the tumour is associated with an

incrsa: in the mumber of lvmohocytes in the cir-

o}
@D

culating blood.

THE/
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THE LIFE HISTORY OF THE NODULE

IN THE IMMUNE DOG.

¥e have already sseen how in six of ths '
animals in which spontanecus rscovery had occurrad, |
no tumour formad on subssetuant inocculation. This
rasult is in accordance with those obtained by Smith
andl Washbourns and Stricker. The formzsr with four
failed in

2) |

such animals, and the latter with twenty,
(
every case to produce a tumour. Bashford howsver,

says, "A small provortion of growths, after havin

{91

attained a certain size Aiminish in volume and ulti—|

mately disapwear; such recovery has not been follow

od by an immunity to subsequent inoculation, and

animals with large tumours have been successfully

raincculated.” #ith the lattsr vart of the sen-
tence evaryone will agree, but as regards his state-
mant about the absence of immunity, I am afraid no

one will.

In order to study the changes which occurrﬁ
od after inoculation into immune animals, vportions |
of thse tumour were introduced and excissed aftsr ons |
day, thres days, ssven days, and ten days, Thse

only/
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only weak link in ths chain of evidencs obtained was
in the three days sxperiment. In this cass the
animal was killed and consequently the disapwsarancs
of the control nodules conld not be hare obsarved

as in all thes other cas=s.

EXAMINATION OF NODULES REMOVED AFTER ONE DAY.

The nodules were found tc have an appear-
ance very similar to that ssen in ths previous cases.
The centre of the portion of tissue introducsed show-
ad evident dezensration. The perivphery of it was
invadsd bv lsucocytes, almost all of which wers
polymorphonuclear.' The surrounding tissue of the i
host showed at certain parts the signs of immediats |

union, and in it the blood vessels weras mich dilated.|
The connective tissue cells and the sndothelial '
cells were swollen up, and what would apvear to be
evidence of the formation of fibroblasts was also
seen. In this region there was also seen fibrin,
polymorvhomiclsar leucocytes, a few lymphocytes and

mononuclsar leucocytes, the latter acting as csllu-

lar phagocytes.

EXAMINATION/
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EXAMINATION NODULE REMOVED AFTER THREE DAYS.

An apwvaarance vory similar to that seen
at thres days in the formar casss was prssant. Tha
necrotic centrs and zons of lsucocytic invasions
were Seon. At ons part where the tissues of host
and the nodule were intimately incorporated, a band

ff tissues existed. It had the structurs of the

(@)

tumour, and in it tumour dells were s=aen wnich ap--
peared healthy and a few of which were undergceing
mitosis. At its outsr border this area gradually
mergsd into the adjacent tissue of the host through

a zone which contained fibrin, leucocytes, and calls

identical to those of the twmour. The bloodl vessels

showed distinct reaction, sndcthelial cells wers
sean budding off from their walls, and mitosis could
he made ont to be cccurring in soms of these.
Formation of young fibroblasts was also vary ap-
parent. The grsat majority of these were forming
elongated spvindle-shaned cells, but cccasional tran-
sition forms from these to tumour cells could be

made out.

EXAMINATION/
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EXAMINATION OF XNODULE REMOVED AFTER SEVEN DAYS.

All the zones dsscribed previously ware i
seen and on microscopical examination the following

changes were found. i

|
|
!
i Tha necrotic centrs is ssen. I
2. The zone of leucocytic invasion can also be '

|

made out.

N
—3

To its outer side in the boundary zone a large

|
munber of cells are present which are swolle |
up and vacuolated. The nuecleli of thssse are ‘
usually somewnat crenated; but are sometimes!
horse-shoe shaped. Inside the cell bedy of |
many of them vhagocytosed tissue is present. |
Thess wnich might be mistaken for dsgenerat-
ing tumour cells arg large mdﬁunuclear

bhagoeyvtes. !

. The Growing bordsr is represented by a zZone of

>

tumour tissue, which has the structure of
normal tumcur substance. Tha tumour cells
are sesn Lo bs occasionally degsnsrating, and
it is only after a prolonged search that
avidence of mitosis is found. Throughont

the/




EXAMINATION OF NODULES REMOVED AFTER 10 DAYS.
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the tumour formation area lymphocytes are
present. Into the ftumour formation arca
voung blood vessels containing many lymphocy-— |
tes are seen dipvineg, and develooing, fibro-
blasts are also entering it.

The surrounding tissuse of the host is made up
of layer upon layer of fibroblasts forming
fibreus tissue, and lvmphoeytes and Peoly-
blasts are very abundant. The adjacent
bloocd vesssls show many of these, arvanged as:

extravascular accurmlations.

The tumour cells and stroma are sesn to havs
undergone complete necrosis.

The leucocytic invasion is not great, only an

occasicnal volymorphonuclear lsuceocyvte is ssorn
Lymphocyvtes are sometimes present.
Boundary Zone is made up of soms largé mono—
nuaeclear vhagocvies and many polyblastis.
Tumcur Formation Area. Here c¢slls are pressnt
which have somewhat the sfructure and arrange-
ment of the tumour. This area is, howevar, n
infiltrated with small lymphocyte-like cells |
and pierced by young capillaries and drawn

out fibroblasts, which are going on to form |

fibrous/
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fibrons tissns. Careful examination of it

w

shows the prevonderating csll to bs of ths
lvmphoévte type: - all transitions from the
small typical lymphocyte to Polyblasts being
evidant. Dagensrating Tumour cells can oe-
casionally bz made out amidst these cells,

S1E The surrvounding tissue shows a laminatasd border
made uv of organising gramilation tissue. The
fibroblasts are vreocseding to form fibrous
tissus. Tha contrast bestween them and the
dazenerating tumone ¢ell is wall brouzht out.
Thronghout this laminatsed border Polyblasts

are present in great abundance.

In another animal in which a nodule was
excisad aftsr ten days an apuvearance (Plate vii
fig. 2.) somewhat similar was prssent. In this
case an interssting but unintentional complication
arose in the presence of shreds of coiton fibre

which wers introduced with the nodule; these having

"heen carried from the sterilised gauze swab, on

which the oxcisad ftumour was cut up. Tneir pre-
senees caussd many miltinuelsated gilant cells in
addition to Polyblasts to be seen in the disanpear-

ing/
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disavpvearing nodile. These appearad to have been

formed from fused cells derived

-

rom lymphocytes,

e
et

<2

[

NCLUSIONS REGARDING THE DISAPPEARANGE OF THE
NODULE 1IN THE IMIUNE DOG.
|

Tha vrocess by which immnity is estab-
lished 1is, from the appearancses describzd, thus seani
to ba one which may aptly bs compared tc the com- !
plete life cycls of the tumour which dsvelons 1in an!
animal which is not immunised; instead cof occupyving

 four months, it is in this case finished in lass

than a fortnight. '

The nodule introduced lives.

The cells of it may divide.

It is almost at once flocded with cells
of the lymphocyte tyve frem which polyblasts develop,
which, when abundant, are alwave associated with
degenerating and disintegrating fumour cells. The
surrounding tissue of the host proceeds at cnce to
invade and encapsuls the nodule. This is the only

record which exists of the changes which occur in

suech animals.

¢ OMPARISON/
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COMPARISON OF THIS PROCESS WITH THE CHANGES
WHICH OCCUR AFTER THE INTRODUSTION OF A

FIBRO SARCOMA.

A rapidly growing fibrosarcoma was obtain-
ed from a greyhound, a limb of which had becsn amou-
tatad owing to the vpresence of this diseass.

Portions of it were introduced into a fox
terrier. All of these failed to develop tumours.
One nodule was excised aftsr tan days. It showed
when examined:-

A central area of necrosis.

A zone of veripheral invasicn'by cells
mainly of the lymphocyvis type. Outsids this a zone
of laminated granulaticn tissue, in which fibro-
blasts forming fibrous tissue with some lymvhocyte
like cells and polyblasts were situated. The lat-
ter were, howaver, not so abundant as in ths immne

dog, inoculated with infective Sarcoma.

A nodunle of pith excis=sd aftsr ten days

|
i
|
showed a very similar appearance, (Plate xxxii fig.ﬂ'

DIScUssIon/



DISCUSSION of the GENERAL LIFE HISTORY of the TUMOURS
formed after INOCULATION, and a COMPARISON of it

with the PROCESS of REPAIR.

The Histogenssis of the Tumouy has already
been shown to be caused by a grafting of tumour
cells, of the portion introduced, upon the tissues
of the nsew host, associated with a concomitant for-
mation of similar cells from the latter source.

This change has heen seen'to occur only in those
situations where direct contact is present. The
tumour cells creatad in the tissue of the host are

| formed by anaplasia from the Fibroblasts present in
. the natural process or raﬁair round any foreign body .|
| When we ceompvare the changss in the fixed tissue cells
adjacant to the nodule introduced to that sesn in re-
| sponse to certain other irritants, we sse in both
icases a rapid resvonse on the part of the connective
tissue, and endothelial cells, which varies in rapi- ;
dity of apoearance and dsgree according to the inten-|
| 8ity of the virus. In the reaction of the fixed
tissvue cells to a definite infective process such as i
after a micro-organismal infecticn, there can be seen |

(38) |
after twenty-four hours, according to Maximow K a

|
swelling/



swelling of the protoplasm of the connective tissue
cells, especially those in the nsighbourhood of the
blocd vessels, an alteration in the contouvy of these
wherein the thin flat processss become thick and |
sharp ﬁnd their nueclei enlarge, and occasionally
mitotic figurss. In the course of the firat rew |
days Fibroblasts ars formed in great numbsrs which
according to his experience was not the case in an
aseptic inflammation until three to rour days had .
elapsed. |
Anaplasia of these fibroblasts 1s of fre-
auent occurrence aiter acutse infection and has heen
noticed to be especially well ssen in the dog during
the stage of four to five days, and also what would

appear to be the undoubted formation of fibroblasts

from active proliferatioh of endothelial cells.
This has also besen seen by us during the histogene- |
sis of the tumour and in animals which were immune,
and would go to suppoxrt the work of Baumgarten that
blood vessel endothelium can produce connective
tissue.

The differences which are noticed in the
changes associated with the histogenesis of the tu-
mour are:-

The formation of the Fibroblast would ap-
pear to take place earlier although, as we have al-

ready/




(27) .
2rt describe their

already mentioned Kiesnsy and Duel
formation after a micro-organismal infection as

early as s8ix hours. The anaplasia cccurs earlier
and instsad of being a transient reaction it per-
sists, and by the active division of the cells thus
Iormed a mass is heslped to be created, having the
histologicallstructure of a tumour from the centre

of which dvring its crsation and growth the blood
borne cells of thé inflammatory exudate can be con-
sidered as being virtually entirely absent. The
transient anaplasia of the Fibroblasts associated
with an intense micro-organismal infection passes

orf and is followed by organisation during which
there is interspersed throughout them,K other celils of;
the inflammatory exudate, especially those mononu-
cleated cells called Polyblasts which we consider to |
be virtually entirely derived from altered lympho-

cytes.

The role of the lymphoeyte and its further
development K the Polyblast in the process of repair

and histogenesis of the tumour would appear to be in

many respects similar. In the acute inflammatory

procass mononuclear cells similar to them are present
in the peritonsal inflammatory exudate, according to |

(26) |
| Beattie, in increassd amount in eighteen to thirty

hours /' .




hours. These cells ares generally recognised to act
as phagocytes to cellular debris and tb a lasger
extent to living micro-organisms. It is also a
well recognised fact that in certain infections,
such as with the tubercle baciilus, they are espe-
cially sbundant and subserve almost entirely the
functicn usually diacharged by the polymorphonuclear
leucoeyte in acute infeections.: Maximog?)in his
work onm Inflammation, produced by the introduction
of aseptic forsign bodies, found an sarly active
emigration of lyvmphoeytes from the blood vessels
tcok place, and a cytological development of these
leading to the formation of similar large mononu-~
cleated cells whiceh arranged themselves around the
roreign body, in contact with it, and throughout the
fibroblasts formed round it later.
(37) iy o) :

Schwarz got a similar result and noticed
| how, during the course of ths first two hours, after
| the injection of the foreign boedy into the tissues,
there appeared a very plentirui and undoubted emigra-
tion of lymphocytes from the blood, and the develop-
ment from these of large mononucleated cells.

(38)

ZIEGLER K. din his work on the skin and

lsubcutaneous tissue of human beings saw a similar

emigration or lymphocytes from blood and lymph ves-—

sels/



vessals.

The function of thess in acute inilarmma-
tion is, in certain respects, obvious. Where tis-
sue debris has to be removed, they can be seen with
particles of it ingested inside their protoplasm.
Where the infection is less intense  they appear to |
be largely responsible for limiting the spresad of if,
as for example. in the produection of giant cells and
the gilant cell system in a tuberculous lssion.

In the pfocegs of repair round an asevntic
foreign body, they are present at an early period,
but gradvally diminish in numbers until only those
remain which have become incorvorated in the fixed
tissue cells of the part, as sesslle adventitia
cells known as clasmatccytes. This is brought
about by a gradual transformation of the cells char-
acterised by an alteration in their size and an in-
ereased granuvlarity of their cytoplasm dus to the

presence of a substance the nature of which is un-
(39)
known,K but which according to Ranvier,6K who first
named them 6 1s a secretion of the cell which may
play a part in the nutrition of the tissues. These |
cells, in his opinion are uni-cellular glands like
the lsucceyvties and their secretion is necessary for
tissve metabolism. i

(40)
JUSTI has noticed especially in tubercu-

lous/




tuberculous infection, cells similar to those de-
seribed as polyblastsl and he thinks that they are
probably the carriers cf a substance for the nutri-
tion of the rapidly growing cells.

In the histogenesis, growth and gradual
disappearance of the tumouy,K the lymphocyte and poly%
blast would appesr to play a definitely important
nart .

They are from the first found in the no-
inle only in the areas where necrotic cells exist
and would appear undoubtedly to he responsible for
their remcoval. In these regione at a later stags,
they are associated with mature fibroblasts and de-|
finite granulation tissue. With the increased
growth of the tumour and its invasion of this re-.
gion, they disappear from it and definite fibrous
tissue formation never occurs here.

From the earliest period it was always a
noteworthy fact that in those arsas where healthy
tumour cells were found the mononucleated cell was
always virtually absent.

In the tissues of the host they were pre-
sent from the first, and at the extending border of
the growth, they were always to be found.

The examination of the blood would appear

to/



to establish the fact that the disesase is cone which
is characterised by an increase of the total number |
of mononucleated cells,.aqpecially of” the 1ymphocytel
type in the circulation. Similar cells are also i
seen, forming extravascular accwilations to blood i
vessels in the tissues beyond the border of the ex-
tending growth.

As the tumcur gradually forms, these cells
becomne avident in inereased numbers inside the ves-
sels. entering it and outside them throughout its
substance, where they form lines of extravascvlar
undirferentiated lymphoecyte-like cells,

At this period they are especially eﬁident
at the cuter border of the growth where the fibro-— |
blast is ncw seen to be proceeding to form fibrous
tissue, and taking part in the creation of a capsvle
to the tumour.

The gradual absorption of the growth is
one which is most evident at the ouvuter margin where
mononucleated cells abound, and their presence here
ié associated with a gradual degeneration of the tu- |
mour cells adjacent to them and the formation of
new fibrous-tissue strands.

Thrcughout the tumour during its resorption
the anonucleéted cells bscome gradually more evi-

dent /




| one where the tumour cell is degenerated by cytolysis
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evidant and more of them ars of the polyblast typve.
The disappearancs of the growth is accom-
panied by a great increase in the numbsr of these ‘

throughout it and at this period the numbper present
|

distinct lymphoid masses. Those, however, whigh arsg

in the adjacent tissue may be so great as to form

directly in relationship to the degenerating tumour
cells are now almost all of the larger mononucleated |
type, and very nmany of them have their protoplasm ‘

rich in the material which stains sc intensely and :

' which is the noticeable feature of the so called

Plasma cells. This material stains in a nmanner si-

milary to that ©ound in the clasmatoecyte and was look-

ed upon thers as an intra-cellular secretion. hago-
cytosis of the tumour cells by Polyblasts can very
occasionzally be made out, but this is very excep-

tional; the process would undoubtedly aposar to be |

prior to its removal by the phagoeytes.

There is a certain amount of evidence in
favour of the contention that the destruction of the
turour cells is due to extracellular digestion of
them by the polyblasts. This never occurs in their
absence. It 1s always assoclated with their pre-

| sence /
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presencs and where they abound such of the tumour
cells as are not obviously degenerating are nsver

scen undargoing mitosis.

|
i
|
Finally successful inoculation has follow-—|
ed the introduction of a tiny nodule the size of a

lentil which was all that remained of a tumour but
[

this, however, contained a minute portion of tumour

tissue uninvaded by polyblasts, whereas on the other
nand failure took place in another case where at a
slightly later date, the nodule 'was completely in- i
vaded and the tumour cells destroyed. These ex-
periments would apoear to support the contention |
that the cause of cell destruction lies in the in-
vading polyblast and not in the serum of the circv-
lating blood bathing the tumour. The other explana-
tion possihle of such a gradvally advancing process
of cell death isr that the serum containg the cvtol-
ysin which is so scanty in amount that it is used

up by the peripheral tumour cells and the polyblast
can only advance against those which are devitalised.
The death of the cell cannot be attributed to the
loss of its own inherent vitality in view of subse-
quent. immunity produced and the facility of inocula-
tion which they show in the non-immunised dog.

The part which the mononucleated cell

plays/




plays in the prevantion of tuwmour growth in the
immune animal has already been shown.

The tumour grafts as before but is at once
invaded by lymphoeytes which show a cytological
development into polyblasts. The growth is arrest-

ed. The cells of it are destroved and disappear.

THE /
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THE ETIOLOGY OF THE TUMOUR.

The process by which tumours arise in the
natural course of the disease has not been worked
out in detail. It is, of course, as we have al-
ready seen, well known that the infection is con-
veyed during the act of coition from another animal,
with tumours upon its genital organs. This is fol-
lowed after some weeks by the appearance of minute
vascular nodules, which develop into tumours that
persist much longer, and much less seldom disappear
than 1s the case in those produced by artificial
inoculation. The Causal Virus is, as already said,
unknown.

Those who claim that the tumours formed
after inoculation are created entirely from the por-
tion introduced are logically compelled to acknow-
ledge that a similar process must occur wiﬁh natural
infection, which would mean that not only was the
sporadic tumour made up of cells which belonged to
tissues of the previous generation, but that all the
tumours at present in existence were made up of

cells derived from some animal which had in the re-

mote/
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remote ages acquired this disease in a manner which
is incapable of explanatiqn, but one which had con-
ferred on the cells formed, a power of unlimited
growth and proliferation.

Although I am not prepared to denv that
such is possible, and that the power of apparently
unlimited propagation which the cancer cells of Jen-
sen's Tumour possesses, is evidence in its favour.

I would maintain that if this be the natural mode of
infection, i1t stands alone as a unique mode of the
propagation of disease, which 1s without analogy 1ﬁ
the domains of pathology. When we consider the
other possible explanations of the mode of origin of
the tumours, we at once realise that the virus is
one, which is so intimately boundlup with the 1life
of the cell, that it cannot be disassociated from it;'
by any means known at present, and consequently it
would appear that only by the passage of a virus
from a 1living cell to a 1living cell can the infec-
tion be explained. This process must be much akin
to that which takes place in the propagation of the
disease by artificial inoculation, with this differ-
ence that, in the latter case the favourahle sur-
roundings allow many of the cells introduced to 1live

and divide, and add to the tumour mass which they

have/
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have originated and help to form parts. This would
explain how,‘in this case the tumours form much more
frequently, grow much more rapidly, become so much
larger and also possibly the mueh higher percentage

of spontaneous recoveriss.,

If we accept the hypothesis that the pro-
cess of natural and artificial infection correspond
with this difference that, in the latter case the
process 1s complicated by certain of the cells of
the previous generation 11ving. We may obtain a
fair insight into the nature and mode of infection
by studying the inception and growth of the tumour.

If such will bhe accepted, I would submit
that the deductions which follow concerning the
etiology of the disease from the facts which we have
already égtablished, arei—

(1) The tumour is one, which is formed by
the reaction of the tissues to a virus which espe-
clally affects the fixed tissue cells, leads to the
production of fibroblasts in excess, and these by
anaplasia become converted into tumour cells, which
conﬁinue to actively divide and'exert a negatively
chemiotactic influence on the mononucleated cells at

the site of tumour formation.

(2)/
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(2) The resvonse on the part of the body of
the host consists in the production of lymphoid cells
in excess. The arrest of the growth is due to the

ereaticn by the host of a substance which is probably

' borne in the mononucleated csll, and which at first

arrests the further formation of new tumour cells
from the fibrovlasts of adjacent tissue, and allows

these to oroce=d teo carrv out their natural function

| of fibrous tissue formation, and later is responsible

for the gradual absorvtion and disappearance of the
tumonr, by a destruction of its cells with a con-
comitant formation of fibrous tissue.

The mere absence of the mononucleated cell
from the Zone of Tumour formation might explain the
continued cell division and the formation of the tu-
mour in a manner similar to that advanced by Ribbsri |
in explanation of the creation of true neovlasms, th&
formatién of which he explains by an isolation cf cer-
tain of the cells of the body and a loss of restraint
normally exerted upon them by their fellows.

The fibroblast in one case may, owing to

+the absence of the mecnonucleated cell have besn re-

r moved from a restraining influence which is naturally

:present, regulating its develovment and limiting its |

| growth.

Tha/
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The Caveal Factor may, on the other hand be
an intracellular virus, which stimulates the cell to
active division and repels +the mononucleated cell,

which only returns when it is the bearer or the fol-

| lower of a substancse whic¢h is cawvable of inhibiting

the growth, and destroying the 1life of the tumour

| cell.

THR/
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THE CHANGES PRODUCED IN THE KIDNEY BY INFECTIVE

SARCOMA AND THE ACTION OF ITS TOXINW.

When describing the lesions which were
present in the organs of the first animal inoculated,
| and which died with secondary foci of the disease
| in csrtain parts of its body, I have already men-
tioned how the manifestations of a definite patho- i
logical prccess were dstected in its kidneys. The i
| important relationship which this inflammatory
change hore to the diseass was further emphasised,
| when a similar change, in a more acute form, was

detected in the ¥kidneys of ancther dog which died

seven weeks af'ter the introduetion of a filtrate

obtained from the tumcur; but so far none Of those

whe have investigated this disease have described

| any change produced by it in the kidneys. In order,
therefore, to determine how far these could be at-

tributed tc the presence of the tumours and the in-

troduction of a filtrate cbtained rrom them, 6 investi-

| gation« was conducted as follows.

The kidneys of six dogs which had been killed
|
outright/ i




cutright when in apoarent gocd health were examined.
These animalsg, which were used in the course of an
investigation condveted in another place, and which,
I was informed, were obtained from the same source

of supnly a8 mine 1.vf'ere, showed no evidence of recent
or former inflammatory change in their kidneys.
Thereafter the kidneys of twenty-two anirmals were
examined. Fifteen of these were dogs which had been
inoculated with portions of the tumour.

Five were animals into which the filtrate
obtained from the tumour had been introduced. One
dog which had recovered from the sporadic tumour
was examined, and finally the kidneys of one of the
foxes, which had developed tumours, were also in- |
vestigated. .

|

In all of these animals, with two exceptions{
definite evidence of an inflammatory change was
present, the apparent age of which corresponded

closely with the period, during which the virus had
|

been exerting its action.
The changes which were found varied in degres,
but in all of these, ihe apoearances closely corrss-
ponded to, and were the manifestations of the same
pathological process, with sveh differences as one

would naturally expect to find from the severity of :



the reaction precduced and its duretion.

We have thus been able, in this diseass, to
study by experimental investication, the pathogenesis'
of subacute and chronic kidney inflammation, more
especially as it afrects the interstitial tissue.

The opportunity thus arforded, is of especial value,
as the experience of thoss who have worked at the
Pathology orf Bright's Disease has been, that although
subacute and chronic Vephritis are commonly met with
in the post mortem room, dnd are usually attributed
to the action of a toxin carried to the organ, from
| its sovree of production 4n some other part of the
body, the difficulty has, so far, been to obtain one
| which would reproduvce in animals similar changes,
|with a degree of certainty that would enable the @
| earlier stages especially, to be studied in a satis- |
factory manner and by this means to determine the
gxact eveolution of the process. The experience of
most investigators has been, that most of the Toxins
iwhich they have used have produced an acute inflam-
imatory reaction, the incldence of which was mainly
iborne by the Glomeruli and secreting tubuvles, and
Ieither led to the death of the animals from acutse !
nephritis, or passing ofr, left in some cases, no
' evidence of interstitial change on the other, such as

was J{'!
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was to be accounted for, by either the initial damage
to the epithelium of the secreting tubvles or by an
interference tc the blocd supply cof the part, produced
by the ocelusion of the luman of the glomerular
vessels. The valve of the discovery is thus of
wider significance than the mere demonstraticn, that
Infective Sarcoma is a dissase, which would appear
| to be responsible for the production of Interstitial
Nephritis, 1if my contention 1s sustained that the
precduction of this after inoculstion or the introduc-—
tion of the filtrate can be considered as oceurring
with rair regulsrity, 6 in that we thus have, here, K a
valuable means of investigating a disease which, al-
though comton in mankind, is one in which, so far, no
ivery satiaractorf method exists of reproducing it in

|animals, for sxperimental investigation.

To establish the basis of my contention I

iWill, before vassing on to consider cormon character-
Iistics of the lesions preduced in the Kidney, first
?describe the morhid anatomy and histolegical strue-
ture of these corgans . in the twclanimals in which
ithe disease was first reproduced by inoculation, and
[then detail the changes found in thcese of the animal
iinto which the riltrate cbtained from the tumours,
iformedf
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fermed in one of these animals, was injected; with
the result that that dog sucecumbed in seven weeks to

its action.

THE EXAMINATIOM OF THE KIDWNEYS OF THE
DOGS WITH THE TUMOUR OF THE SECOND

GEVERATION.

KIDNEYS FROM ANIMAL (EXPERIMENT YNO. 2.)

This animal died forty-seven days aftex
inocvlation, with portions of the original sporadic
‘ tumour 6K and at the post mortem examination there
was found in addition to the primary growths, second-
‘ ary foci of the dissase in the Liver, Intestine and
| Suprarenal Gland. The Kidneys showed no similar
obvious change.

THE- MORBID ANATOMY .

The Right was somewhat bulky. 1ts capsule |
|

stripoed readily, exposing a surface which was smcoth

and of a pale somewhat metitled appearance. on

section it was of the usual consistence, and its cut
surrace also apneared pale in colour. The cortex

was /




was somewhat swollen, and the vascular marking of 1t

was not distinetly visible. Opaque strands could be

| seen especially at the boundary zone, extending as
faint lines into the cortex.

The Renal Pelvis showed no evidence of di-

| seasa and the larger vascular trunks did not apoear

thickened. Vo evidence of amyloid degeneration was

‘Iodine solution.

present to the naked eye or revealed on testing with

THX HISTOLOGLCAL STRUCTURE.

| ' The most noticeable feature on microscopicsal
|

examination, 1is the large number of small cells with
'a more or less spherical contour and deeply staining
ispherical nuclel, throughout the interstitial tissue
fof the organ. These are especially seen at the
boundary zons, as large extravascular accurulations

.

'and can also be made out,  following the lines of the
5 (Plate XXXIII, Fig.1)

interlobular vessels throughout the cortex' and form-

I : :
ing around them, here and there distinet extravascul-

far accurmulations. These cells are alsc seen, especi-

|ally between the adjacent tubules and glomeruli, in
:the labyrinth of the cortex. This appearance is nct
constent for the whole of the kidney, but is confined
to definite zones which radiate through the cortex;

but /
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but conly occeasionally reach to the capgvlei where
they form similar accumulations of cells. It can
also be seen  to a slight extent, in the medvlla,
at. certain points; on the other hand,K at the base
of the pyramids, in the boundary zone, they are in
such abundance outside the wglls of the vessels,

(Plate XXXVII Fig.2)
especially the branches of the Renal Artery, as

sometimes to avvear to be burving these channels in

the midst of a mass of dark staining cells, and
from these regions they are noticed extending out
and surrounding the adjacent tubuvles and glomeruli,
compressing them and appearing to be respensible

for the localised ratty degeneration, neticed in

some of the former. The lumen of these they do not

invade. Where they were compressing the Glomeruli

Bovmans Capsule at its ouvter part is swollen up,

and shows fatty degeneration occurring in certain

minvte fiprillary strands composing it. Occasion—

ally ‘l".he endothelium lining of that membrane shows

proliferation of the cells forming it. The effect

produced uvon the portion of the Glomervius inside
the capsule is, in most cases, very slight.

The Blood Vessels showed no evidence of

disease of their walls,

The Glom=ruli. + These in most cases, when

examined/
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examined  showed 1ittle alteration. These which
show the most definite change are situated in the
zones wheare the small cells are abundant. The
afferent and efrferent arterioles show no evidence pf'
hyaline degeneration of their walls. The glomexrular
capillaries also reveal no signs of this. There is
ne incerease of the nuclei of the glomerular tuft.

The cells of the glomerular spithelivm in some are
noticed to be undergoing ratty degeneration. The
capsular space ig in almost every case empty.

Bovmans Capsule is, in some cases, the site

of distinct reaction. The endothelial cells 1lining
it, are swollen up, their nuclei much more distinct,i
and it is evident that recent proliferation of thesei
|
c¢ells had taken place. The appearance closely cor—i
responds to that seen in the blood vessels in the i
process of repair,'at the stage of twenty-tour hoursi
to three days after the introduction of an irritant, |
such as we have had occasion to refer to in the ;
earlier part of this work.
In the zZones where the small cells are most |

abundant the reaction on the part of Bovmans Capsule
|

is most evident, and here we can make out a periglo-|

merular accurmlation of small cells compressing it |
but even here, the capsule itselr, apart from the
proliferation of its endothelial cells, may show

little/



little changs. In many cases, however,K 1t 1s noticed
to be swollen to be distinetly fibrillated, minute
apindle-shaped cells with dslicate %pindle shaped
nuclei, being arrénged around it  in a conecentric man-
ner, and in some cases as already mentioned what
would aponear to be fatty degensration is noticed.
(Plate XXXVII Fig.3)

Tubulaes. Patty degeneration has already
been seen in certéin of the tubules included in the
areas of intection, close to the boundary zone. It
is also sesn at other parts; but is not of wide-
spread distribvtion. Where it is present, it is in
the epithelium 1lining the secreting tubules, especi-
ally in those of the ascending locped tubules of
Henle. This degenerative change has a regional dis-|

tribution, similar to that in the small cells.

Interstitial Tisaue. At certain areas,

_ small cells are present in such abundance, as to

| render difficult the detection of their individval

'structure' when 1t is a frogen section which is

being examined. The ma jority of them are small |

: . |
cells of the lymphocyte type, with a desply staining

| homogeneous nucleus, others have a nucleus with an

| opener network which does not stain so densely.

No polymorphonuclear leucocytes are found
amidst then. Wwith P.R.M.G. and E.M.B. the various

cells/
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cells, which go to form the extravascular accumula-
tions and the units surrouvndaing the tvbules and glom-
Iernli, can be difrfersntiated. They are found to be
mestly Polyblasts and Plasma Cells and some undiffer-
entiated lymphocytes, cells-like those described as
tumour cells and a few charactsristic sndothelial
| cells. KMature spindle-shaped Fibroblasts cannot,
howevelr - be detected; although it would appear pro-
vable that those described as tumour cells are of
connective tissve and probably, also endothelial
lorigin.

The Left Kidney was found on examination to

manifest changes of a similar nature.

From the foregoing facts, it would appear,
| that there was here present a recentlacute,interstitiT
'al nephritis, with an associated slight parenchymatous
degeneration, mainly afrfecting the ascending limbs of

|the Looped Tubules of Henle.

EXAMIVATION of the KIDNEY of the DOG

EXPERIMENT No. 1.

This animal it will be remembered, was the
first incculated. In it, the tumours developed and

|then/
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then gradually diminished in size, and finally dis-
|appeared eighty-one days after the date of inoculation.
Four months later, it was again inoculated, hut no
tumours formed. A year and a half irom the first
inoculation, portions of the stoek of the second
sporadic tumour were introducsd into it with a similax
resvlt, and the animal was killed ten days later, as
these were disappearing, that is_  aporoXimately a

|year and a half from the date of the original experi-
ment .

THE MORBID ANATOMY.

At, the post mortem examination, the kidneys
iwere seen to be small, iﬁ both, numerous subcapsvlar
leysts existed. ‘The capsules were thickened, somewhat
)adherent, and when removed revealed an irregular sur-

Tace, with a mecrocco leather appearance.

The organs were Iirm on section and the cortex
was atrophisd. The vascular markings of it were
lirregular in their distribution, and it had a general,
difruss granular appearance throughout. The Pelvis
was healthy. The larger vascular trunks were not

|

noticeably thickensad.

THE /



THE HISTOLOGICAL STRUCTURE.

On microscopical examination,K the capsule 1s
seen to be united to the kidney cortex, under the
dapressions on its surface, by bands of scar tissuve,
whieh pass down to the boundary zone. These have
somewhat the appearance and general distribution
that was noticed in the prsvious case. The zones,
here, however, in contradistinction to what was found
in the former, traverse the cortex to its svrface
more rrequently, and are obviously much more fibrous,
having included inside some of them degencrate
Etubulcs and obliterated, fibreoid, glomeruvli.

Blood Vessels. The largsr vessels show some

|
!thickening of their outer coats, due to an increase
[of Tibrous tissue.

; Glomeruli. Those situated in the zones of
ihealthy cortex,6 appear noimal, whereas of such as

!are included in the zZones of scar tissue, some are '
| |
‘distinetly fibroid, others show changes present in
'them to a lesser degree. (Plate XXXVI Fig.2)

! In the latter, the afferent and efferent
%arterioles show no evidence of disease. In the
\glomervlar tuft, there is no change prssent in the

walls/
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walls of the capillaries torming it K6 and its nuelei

are not inecrsased in anount. The Capsular Space is

~occuplied by a granular albuminous exudate, in many

cases, into which an occasional Red Blood Cell has
escaped.

Bovmans Capsule is, in the majority, dis-

tinetly fibrillated by laysrs of concentrically ar-
ranged cells with delicate spindle-shaped nuclei.

The endothelial cells, 1ining ths Capsule,
are in some caﬂes; awollen up and distinct. The
periglomerular tissue consists, in many,6 of concentrie
layers of deliecate fibrous tissue, with smélb deeply
staining cells which have deeply staining nuclei

bhetween their fibres.

The Tubules shcw fatty degeneration in the

secreting ftubules, in relationship to the zones of
scar tissve in many cases. In the tubules not in-

cluded in these, however, fatty degeneration is oc-— |

r
casionally seen, whereas, in some otharér the swell-—
ing of the protoplasm with other appearances, indic-
ate the presence of cloudy swelling. In the col-
lecting tubules in.connection with the zones of scar |
tissue; numerovs dark staining, granular casts are

situated.

Interstitial Tissue. = Bands of fibrous

tissue pass from the vessels at the bases of the

pyramids/
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pyramids to the capsule, which is tacked down by then.
These follow the linss of the interlobular arteries
and include within them, degenerating tubules and

{35 ]

an occasional fibroid glomerulus. Some of these
are more cellular whsreas others are more fiibrous,
and in thenm at some parts, extravascular accumula-
tions of small cells,  with a more or less spherical
contour existF these consist of Lymphocyte%, Poly-—
blasts and Plasma cells, with some Fibroblasts.and
endothelial cells between themn. From these regions,
they extend between the adjacent tubules and arounq
the glomeruli, where the two latter cells are much
more scanty.

With H.I.A.PF.. the fibrous tissue is es-
pecially well demonstrated, as it radiates through
the cortex and forms periglomerular rings of fibrous

|
tissue, some of which have procseded further to |
distinet fibroid glomeruli. It is also seen sur- |

rounding the interlobular arteries with a fibrous

periarteritis, an appearance very similar to that
seen in the last case, but instead of conéisting as |
it did there, of an aggregation of individvel cel- |
lular vnits, it 1s now made up of organised tissuves.
The result cf the examination would, here
apvear, to demonstrate the presence of a chronie
interstitial nephritis, with the addition of a more

recent /



| Filter, which had previously besn sterilisad for half
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racent infection suveradded.

EXAMINATION OF THE KIDNEYS OF THE DOG.

(EXPERIMENT NO. 4.)

This animal was a healthy wirs-haired fox
terrisr, and into it the filtrate obtained from the |
tumours of the Sscond Gensration which develecped in
the dog (Bxperiment No. 2.) was introduced. The
process by which this Filtrate was obtained was as

follows. The tumours wers excised and thres nomllaﬁ

the gige of small hens' eggs, were introduced into a
mortar which had previously besn sterilised and ster-
ilised normal saline solution added. They warse than;
teassd out with sterilised glass rods and further
broken down with the pestle. The emulsicn thus

obtained, was then vassed through a New Berkefsld

an hour at 30 1lbs. pressurs. After an nour had e-
lapsed, 25 c.c. of siraw coloured fluid was, by this
means, obtainsd, and this was introduced directly in-—
to the subcutanesous tissus of the animal, the whole
process being completed in less than two hours from
the time at which the tumours were excisad.

The/




The armount injected may be, approximately,
sald to amount to the fluid extract of two thirds of
the tuvmour bulk used.

The effect upon the animal was slight at
first. 1t was kept under especially close observa-
tion as the experiment was condueted to see vhether
or net the tumours formed, might not be dve to the
bresence otf an ultra-microscopical parasite, capableh
l1ike some others of passing through the pores of a
Berkefeld Filter. A8 has been alrsady stated, no

tumours did form. The animal

1, however, steadlly

iost weight. Absolutely no-loeal reacfion at the

site of hypodermic injecticn could be detected. It

| eontinued to lose weight more rapidly towards the

end, and finally died, six weeks from the date of

the original and only injection.

A complete post mortem examination was at
once conducted. The apoearance detected in the
other organs of the body, consisted solely of the
evidence of a doubttul reaction to a possible toxin
and ne cause of death could be made out until the

kidnsys came to be examined. They showed.:-—

Morbid Anatomy. Both Kidneys were of normal

size and had under their capSule-miﬁute white points,
which had somswhat the appearance of miliary tubercle?.

The ;’I’



The report of the examination is as follows:-
The capsule is not adherent and strips
|readily, exposing a surface which is smooth and stud-

ded with minute, almost microscopical points, with an

On secticn the cortex is ssen to bhe of normal
diameter. The vascular markings appear, if anythingé
somewhat . irregnlar. The glomeruli are not distinect
and no haemorrhages are present. At certain parts
minute grey lines are seen, which are following the
|direction of the interlobular vasselszand obscuring
them, and can often be made out extending to the min—'
|ute white specks undernsath the capﬁule.

vessels are not apvarently diseassd.

The Histological Styvcture. The most notice-i

‘able feature is, the small cells present in the inter-
| |
|stitial tissve throughout the organ. They are seen |

|
;especially to radiate in zones through the substance |

lof the kidney, following the lines of the blood

|vessele, and to commence around the vessels, in the
boundary zone, and pass to the cortex. Some dip for
a short distance, between the tubules in the medulla.

The zonuvlar distribution, although seen here, is not

'so_characteristic as in the previouvs cases, there is
| Plate XXXIII, fig. 2.

more/



' walls,nor blocking of their lumen by cellular increase.|
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more diffusion of the cells in this case. They form

underneath the capsule of the kidney, at some parts,j
small distinet dark staining, weige-shaped areas, ;
made up of deeply staining, somewhat spherical,smalli
cells, amidst which the structure of the kidnev cor-
tex can only be made out with difficulty, with its |
glomeruli and tubules compressed and degenerated, :

fibroid glomeruli being seldom detected and some
|
appearing fairly healthy, but for the periglomerular)
|

cellular accumulation.
|

The larger vessels at the Boundary Zone show |
|

no evidence of disease of their coats. The fibrous
tissue adjacent to the outer coat, is loosened and
very cellular, many small deeply staining, spherical-
shaped cells being seen between the fibres. The
interlobular vessels show perivascular accumulations
of small cells which extend into the adjacent kidney
substance. These cells surround tubules somewhat
atrophied and destroyed, and some glomerulil, which

are going on to a fibroid alteration.

GLOMERULI. - most but not all of these show

changes.
The Afferent and Efferent Arterioles manifest

neither evidence of hyaline degeneration of their

The/
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The Glomerunlar Capillaries are filled with Red Rlood
cells & thelr endothelial lining shows, 1in an occasion-
al cas2, a cell swollen up and loosened; but no
pronounced increase of small cells can be made ouvt.

Glomerular Epithelium shows no evident change.

Capsular Space is almost always empty.

Bowrans Capsule. The endothelium lining it,

is usnally unduly distinct, its cells being swellen
‘up - and increased in numbers. The capsule iteelf is
lusually distinetly fibrillated, and is made up of
ismall spindle-shaped cells concentrically arrangsd,
iand where this is evident has an associated periglom-
erular accunulation of small cells. In the zones
where small celled increase 1s in especial abundance,

[the glomerular changes are most evident, and one may

see, - glomerull similar to those already described, -

T
|

others with a pronounced small celled inerease in the
i
capillaries of the tuft, - the glomerular epithelium |

degenerating, - the capsular space occupied by a

|granular material, - Bowmans Capsule with ths thick-
iening already seen, but the proliferation of the
lendotheliun lining it more evident, — and cells from |
without venetrating into the capsule. - 0Other glom-
|
'eruli are here noticed in which the glomerular struc-

ture has been entirely destroyed, and consist of

concentric/




concentric rings of fibrous tissue surrounded by the
characteristic small cells, and containing cells with
elongated and oval nuclei, and evident cell bodies,
which appear to be mainly endothelial cells, derived
from the capillariess of the Glomeruvlar Tuft.

The Secreting Tubules show fatty degeneration,

especially the ascending limbs of Henle. This is
nost evident in those supplied by the giomernlar unit
involved in the cicatrix, but is not entirely con-
ifined to these.

The Interstitial Tissue. The most noticeable

|feature here, is the small cells. It is virtually
:impossible to detect a polymorphonuclear lesucccyte
amidst these. Differential staining shows these
Icells to vary in nature. With E. & M.B. the great
lmajority stain with a dense nuclevs eccentrically
?placed, and a lighter cell body in the centre of
which, a clear vacvole is situated in contact with the

| ;
‘mncleus. Other cells stain more lightly, and are

|
Emore granular, have a coarsely granvlar nucleus with a
'distinet nucleolus, and, in addition, a larger cell
'bedy of more irregular contour. Some other cells are
seen, which are elongated and spindle-shaped. These
[ecells are mainly Polyblasts and FPlasma Cells, a few
lymphocytes, and endocthelial and connective tissue

cells.

The/
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The sxamination of the kidneys in this
case, showed that they were the site of acute Inter-
stitial Nephritis, with the customarily associsted
slight parenchymatous degeneration.

The complete post mortem examination re-
vealed no other cause of de=th. The animal appear-
ed in periect health when first seen. Sinee then,
the onliy possiblie toxin whichn would preoeduce such
changes, was that introduced. The snaesthetic for
obvious rgasons, could in no way have had anything
to do with the production of the changes. Vith
thegse facts hefore us, we are ccmpelled to accept
the cause cof death here, as being due to the Toxin

obtained by Filltration from Infective Sarcoma tu-

" mours, and which had induced the zecute inflammatory

changes, the stress of which had mainly fallen on
+the interstitisl tissue of the kXidney and produced
Acute Interstitial Nephritis.

The/
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The essential nature of the lesions which
were present in the three cases which have been de-
seribed, has been seen to be the extreme degree of
interstitial change associated with a very Limited
amount of involvement of the parenchymatous tissue;
this similarity being especially noticeabhle in the
first and third cases quotsad. In these the lesions
were seen to be virtually identical in nsture.

They have been shown to have occurred in animals,
both of which succumbed to the effects of a virus
to which they had been exposed for a relatively si-
milar period, and in one case 1o have developed
after the introduction of a portion of the tumour;
in the other to have followed the introduction of a
fluid obtained by fiitration for the same.

The lesion of the kidney which they dis-
plaved in common, is identical with that described
by Gouncilman4és Acute Interstitial Nephritis.

Thig form of Nephritis was, according to him, first
described by Wagner under the name of lymphomatous
nephritis, and is a variety of kidney inflammation
which' is frequentiy the result of acute infective
fevers being found more especially in association-
ship with diphtheria and scarlet fever. It has
been generally looked upon as 2rising from the

operation of a soluble toxin carried to that organ

in/
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the blood stream, which leads at the same time to a
aegeneration of the parsnchyma =2nd proliferation of
the interstitial tissue, whereof the essential le-
sions are in the interstitial tissue and are so
prominent and accompanied by sc 1ittie change in the
pvarenchyma that they cannot be regarded as secondary
to parenchymatous Llesions. These may be followed
by a complete restoration of the integrity of the
kidney, or by a gradual organisation of the inflam-
mateory tissus present in the stroma and the develop—
ment of chronic interstitial nephritis. This would
appear to have been the case in the second animal.
In the cases we have examined the reaction
present in the parenchymatous tissue has been even
iess severe than is usually met in those, desoyibed ’
by Councilman as Acute Interstitial Nephritis with
this corresponding advantage, that the changes which
occur in the interstitial tissue c¢an be more readily

examined.

In order to study the eariy inflammatory
changes of the kidney by means of experimental in-
vestigation a number of different poisons have been
used, such as Corrosive sublimate, Chromic acid, and

other metallic salts. The action of various organ-
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organisms and their toxins has 2lso been examined.

0f recent years attention has been especially di-
rected to the study of the interstitial changes, and
in ordar to examine these, various soluble toxins
have been experimented with. Thus Mors;H;ucceeded
in producing in the kidneys of three rabbits inter-
stitial changes after the repeated injections over
several months, of a toxin preparsed from a virulent
culture cof Staphylococcus pyogenes sureus. The
constancy with which these changes can be induced
has been so irregular, as to rendsr them almost use-
less for the purpose of investigating tE}s special
feature. Thus, for example, when Lyo;h}epeated
Morse's experiments he was only able to obtain a
slight evidence of interstitial change in the kidney
of one rabhit out of six treated with the toxin.
Lyojeglso found in experimenting with the action of a
number of other substanees, such as - Diphtheria
Toxin, Cantharidin, and Corrosine Sublimate the pro-
duction of what we may call a pure interstitial |
nephritis cccurred in none of them, and only in a |
few did any definite interstitial change take place -
I have, therefore, as I have had occasion to mentionf

already, considered it right to specially investi-

gate the kidney changes in Infective Sarcoma, not so

much/
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much with the view of, at present,.enaeavouring to
contribute to the knowledge which we possess of the
pathogenesis of certain of the more insidious forms
of Bright's Disease, as to establish the relative
value of this, as a means for a future investigation,
when it may be conducted, not as a side issue, but,
one in which the animals may pe killed without re-

gard to any other factor.

The number of animals in which the kidneys
were examined, was, as already said, twenty two.

The filtrate obtained from the tumour was
injected into five of these with the following re-
sult.

One animal died atf'ter 36 days with acute
interstitial nephritis. !

Two were killed after 41 days and showed
definite fatty degeneration, mainly on the ascending
limbs of the lecceped tubules of Henle, In one,
slight evidence of interstitial éhange was noticed.

One was killed after 51 days, and showed
no obvious lesion in its kidneys.

One was killed after 119 days, and showed
advanced chronie interstitial nephritis.

A single injection was given in sach case. |

As/ | |
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As no method of standardising the dose can be used,
it is difficult to explain the amount injected. I
may, howsver, be allowed to say, that in the last
cz2se the quantity waé approximately similar to that
used in the first case, and was obtained from the
same stock of tumours. The other three animals all
received about half that amount, from the secona
stock of tumour.

The animals which lived, showed virtually ;
no alteration in their body weight, except in the
case of the 1aét, which lost weight steadily for
three and a half weeks and then gradually regained
it again, and was, when killed, looked upon 2s it
appeared so healthy, as a negative result, untili it

was found to show the condition referred to.

Fifteen animals had been inoculated with
the tumour of these:-

One died as described with acute inter-
stitial nephritis.

Four were killed after the tumours had
disappeared. Three of these had distinct chronic

interstitial nephritis. One showed no evidence of

interstitial nephritis, the opportunity of examining

in this case for fatty degeneration was unfortunate- |
ly lost.

one/
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One was kiiled at eighteen hours after in-
occulation. It showed congeétion of the vessels,
and slight cloudy swelling of the epithelium of cer-
tain of the secreting tubules.

One was killed at 24 hours atter inocula-
tion. It showad distinet cloﬁdy swelling, no fatty
degeneration.

One was kilied 3 days after inoculation.
It showed distinct fatty degeneration mainiy in the
ascending iimbs of Henle's tubules, and infiitfra-
tion of the cortex and the medulla at certain parts
with numerous lymphocyte iike celis, and other evi-
aence of early interstitial chenge. (Plate XXXVIII)

Seven were killed when the growth was
mainly at its summit. ' Of these - three showed de- i
finite interstitial nephritis which could be descrilb
ed as subacute. Two showed fatty degeneration.

One showed no interstitial change, and was not ex- |
amined for fatty degeneration.

The Kidneys from the animal which had re-
covered from second sporadic tumour, also showed
fatty degeneration, and early interstitial nephritis

The constancy with which these changes

occurred justifies the assumption, in my mind that

in/
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in many cases especially after inoculation with por-

tions of the twanour, infective sarcoma causes mild

Interstitial Nephritis.

THE/
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THE GENERAL OUTLINE OF THE CHANGES PRODUCED.

The toxin appears to be one which shows
its effects earliest upon the epithelium of the
secreting tubules. At first it causes cloudy
swelling, and later fatty degeneration of the epi-
thelium, more especially that lining the ascending
looped tubules of Henle. This is definitely evi-
dent by three days. By this date, also, there ap-
vears evidence of reaction on the nart of the inter-
stitial tissue. This may go on to the production
of definite acute interstitial nephritis or may
rapidly pass away. The evidence of necrobiosis in
the parenchyma persists, however, considerably
longer, but it may also pass off and leave no trace
of its presence.

A noticeable feature in the morbid anatomy
of the kidneys was the frequency with which no
positive evidence of inflammatory, or degenerative
changes, could be detected to the naked eye.

The changes induced in the Glomerular

Structure were very slight. The glomerular vessels,

at/
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at no time, could he seen undergoing hyaline degene-
ration, and never were thrombosed in the earlier
cases. A very occasional haemorrhage could, how-
ever, be made out to have occurred from them.

The Capsular space, in many, contained an
albuminous exudate with an occasional Red Blood Cell
in 1it.

In Bowman's Capsule the ost noticeable
feature was the early evident reaction of the endo-
thelial cells lining it. They readily bhecane
swollen and frequently multiplied. Apart from this,
the reaction was often slight, hut in the capsule
itself, hvaline swelling could bhe detected in the
earlier cases, and the memhbrane was noticed in sone,

swollen up and fihrillated, having a laminated ap-

- pearance, with distinet nuclei between the fibres.

Fatty change would appear to occur in scme of these

Tibrils.

The Glomerular Epitheliwm showed no con-

stant reaction.

In addition to no thrombosis, no chstruc-

tive vascular changes could be made out to account

| in any way for such reaction as was present.

THE TUBULAR STRUCTURE. The relative degree of
vulnerability of the different tubules is found to

correspond/
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correspond to that seen in acute toxic poisoning.
The secreting tubules show early evidence of necro-
bilotic change, no actual necrosis of them occurs,
but a fatty metamorphosis, which is preceded by a
granular swelling of the »nrotoplasm of the cell, is
early and very constantly seen, in the Ascending
Looped tubules and Convoluted tubules. In certain
cases this would appear to bhe due to direct »ressure
from without, hut in others it can only he due to
the direct action of a toxin. The Loops of Henle
are most vulnerable, and there is evidence that ob-
struction of the blood supply to the glomerular unit,
plays little or no part in producing this change.

In some of the acute cases, tube casts of
an albuminous nature are noticed. I
INTERSTITIAL TISSUE, shows in the eariy cases, evi-
dence of acute Interstitial Nephritis characterised
by the accumulation of lymphocyte-like cells, espe-
| eially in the boundary zone around the interlobular*
vessels, and extending for a varying distance into
the cortex. These cells are in the earlier stages
almost entirely Polyblasts and Plasma cells; later,
however, they have interspersed throughout them

larger cells of endothelial and connective tissue

:origiq/
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origin. They surround many of the Glomernli and
are interspersed through the tubules.

The formation of Ffibrous tissue takes
place, following the lines of the interlobular
vessels towards the surface. The creation of this
is brought about hy the organisation of the inflam-
matory exudate, of which the small cells formed part,
in the customary manner. It coupresses the adja-
cent tubules and glomeruli. The characteristic
feature is, however, well noticed in the manner in
which for a long time the process is entirely peri-
glomerular, and only in its later stages does inva-
sion occur, and fibroid glomeruli hecome produced,
which may now be associated with tubular degenera-
tion from an avascular cause; this, however, is not

at all evident.

These are the main features of the changes
as they are found in the Kidney. I do not propose
to discuss thew in reference to the bearing they
have upon the work that has been done on this sub-
Jject. A few points may, however, he alluded to.

The site vi the primary interstitial 1?24)|

sion in this disease, as pointed out by Greenfield,

is in contradistinction to that in the Atrophic

Kidney/
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Kidney, found in the deever part of the cortex,
adjacent to the bhoundary zone. He, also, was the
first to emphasise in 1879, the further atfenzion
which the study of this disease then required:
This investigation has also borne out another point
referred to - the early reaction of the endothelium
iining of Bowman's Capsule, and the similarity of
its behaviour to that of the endotheliwm adjacent
to an inflammatory focus in the process of repair.
The lymphoid nodes which have been s0
constantly described in this disease, and, more
especially by OOuncilmanflin its acuter form of
Scarlatinal Nephritis, are here also distinctive.
The evidence would strongly bhear out that, as that
observer and others maintain, they consist to a
large extent, of Plasma Cells, under which cate-
gory is included, hy most observers, cells which
Maximow would differentiate into Polyblasts.
These would appear to have emigrated from the hlood
stream and undergone a further metamorphosis. I
have not, however, seen evidence of these locally
increasing in numbers by cell division. There has
not heen seen in this investigation, any evidence of

these cells acting, to any appreclable extent, as

phagocvtes ,/
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phagocytes, their function here would, however,
appear .to be very similar to that which they ful-
f1il in the former situations in which we found

thern.

THE /
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THE RELATIONSHIP OF INFECTIVE SARCOMA TO CANCER.

As one would naturally expeet to find from
what has been seen of the nature of this diseass,
cartain diversity of ovinion exists, in regard to the
relationshin it vossesses to a true malignant neo-
plasm, such as sarcoma, as it occurs in man.

We have already sesn how it possessss a
histological structure which, in my opinion is iden- |
tical with a true alveolar sarcoma, and how this
ovinion is in conformity with that of virtually all
those who have, more especially in the last faw yearﬁ
investigated this ﬁiseasé, with this reservation, |
that some would designate it a rocund-celled sarcoma
and others a lymphcsarcoma.

Besbe and Ewing, in speaking of it describe
it as an Infective Lymwvhosarcoma, but come tc the
cenclusion that the general histological characters
snegast to them, more the diagnosis of alveolar sar-
coma or endothelioma, although they, in common with
other obssrvers, have failed to determine the var-—
ticular tissue cell giving rise to the ftumour. The

main source of origin of the tumour cells, formed in

thef
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the tissues of ths host aftoer artificial inoculation,
wa have seen to be from connective tissue cells,
althoush scme undoubtedly arise from endothelial
cells, and thus,their latter conclusion has some
evidence in supwvort of it. iy objections, hdwaver.
to the nse of the fterm "endothelioma" fto dAsscribs -
e tumour, from its histological appearance .ars,
at this is not to any great extent the main source
of origin of ‘its cells, and the term "sndothelioma"
has, to v mind become of late the Cave of Adallam,
for the terminological designation of so many new
growths.
Those of us, who have worked at this dis— |
12 |
eass are fortunate in one respect, in that Stricker |
i |

has been able to obtain specimens of the tumours, |

.ﬁtudied by Wehr, Geissler, Smith and Washbourne,
Sanfelice and BasnhfTord, and on submitting them with
his own to a large mamber of German Pathologists,
,_found that they all were of the opinion that the
lesions were ‘identical, and of the nature of a round-
cellsd sarccma.

This state of affairs would heln to sesmwha-
sise a voint, that is sometimes cverlookasd by some

¢linicians, that the diagnosis of a neoplasm is not

always/
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always vossible, in some cases from the histological

=
i

xamination of it alons, and would alsc be evidence,

in tfavour of the imwortance of aveiding the divoercs
of vatheclosy from c¢linieal work.

Against it being a true maliznant neovlasm
the workers of the Imwerial Cancer Researc Laboré—
tory would advance ths following arguments%

1. Its Invariabls Infective History. This, cer-

tainly, is a veint worthy of consideration; but
in eeonnection with it, although mest natholo-
gists will readily concede, that the vast majc-
rity of those lesions, classified under the
generic term of Cancer or Malisgnant Neovlaswms,
Ao not infeect, we have here one, in which it is
aspacially easy to trace the twmours formed to
a definite source of centagion, from the naturs
of the act during which that occurs. This
voint is well illustrated by the comparison of
the venereal and ncen-venereal warts, which are
found growing from various epithelial surfaces
of the human body. Gathcar§5haa definitél?
proved that venereal warts, which are accepted
by most vathelogists as a variety of tumour,

are contagious and indevendent of lcecal irri-

ﬁaﬁionf
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irritation, althongh often associated with the
vrassance of Gonorrhea; whereas on the other
hand, it has beén extremely difficult to prove
_that non-venereal cutansous warts are also. in
cartain cases at 1zgat, contagious., The cass
Aescrived by Payne, in vhich he accidentally
inoculated himself froem a boy, who had a coni-
ocus emuption of thase nroves conclusively, that
this can oceur. Other illustrations misht be
cited to selaborate this voint. Before, how-
gver, I leave it, I masze allowad to auote the
words used by Ohlmacher in swpeaking of the sus-
pected origin of true lymphoma. s cannot he
toc eritical rezarding this type of neovlasm,
for if we ave to eliminate thoss tumonrs in
which an infective canse 1s suspected, and re-
tain as true twonrs only those in which an em- |
bryonic or nen-infective, post-natal, causal in-
fluence can be vrevad, then it will apuvear in
goodly company.!

2. The Transference cof the Surrcounding Qonncctive

tissus cells into tumeonr cells, even at the sur-
face of fully develoved tumours:-—
That this occenrs in certain cases, is, in my

ovinion/
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cpinion corrsct; but the limited sxtent te
which 1t is vresent, mav well be realised whe:
snch competent obsarvers as;%tricker.=”orking
undier the direction of such a grand master of
vathological research as Ehrlich, and Be=bte and
Ewing, will not concede that it occurs. In
answer to this criticism, I would maintain that
he, who would c¢laim to be able by micfoscopical
examinaticn of the histclogical structurs of a
fully develowsd sarccma alons, to ba so certain
that infection of the surrounding conneetive

tissue cells nevsr cccurs, as to base uyvon this

observation the tenet that it was an invariablse |
featnre of all malignant neoplasms, is claiming |
for his vpowers of observation, a degres cof accu-

racy that few will conceds him.

mission is identical with those by which twmour
masses are formed, as a result of ‘inocculation
with the tubercle or Glandus Bacillus.

This has been discussed fullylalreai§.

Points of resemblance do exist, and the dean
underlving wrecess is, in many resvects,similar.

The analcey is, howsver, an unfortunate one, and

it/
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it remains still to bs provan, in what respscts
it dAiffers from that which would occur in the

creaticn of a true sarcoma.

4, The Diseass Never Occurs Naturally In Animals Be-

5

fors sexnzl maturity and is mich less freguent

in old age.
One woeuld naturally exnect this from the
sourca of infection - contagion dAnring cepula-

tion.

The 1last vpoint raissd by them. is the most in-

vortant.

The Process Is Definitely Infective In Marked Con—

trast to the changss which laad to the estab-

lishnent of new tumours, when a true maliosnant

new growth is successfully transplantad.

We have already seen how, in my ovinion,

‘the origin of the new twmour aftesr incculation

is not entirely infactive; but, granted, what

is probablse, that this is the sols explanaticn

of the corigin of the sworadic tumours, cne has

¢ertain criticisms to offer, as it raises a

point of great importance in connection with

the natﬁre of true malignant neoplasms. It is
15

reforred to by Besbe and Ewing, wnen they say,

that/
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that 21l arsuments in faveur of this being a
neovlasm, prove fatally defective, 1if, on
transplantation, the tumour cells grow by in-
fection of other cells. This is, in their
ovinion, the crucial test of an infesctive
gramilema, as against a neoplasi. New. on
what evidence is the contention bassd, that all
maliznant nsovlasms grow from a single vrimary

foceus, have the vower of avvarent unlimited

growth, and alwavs graft when successfully inoc-—

nlated, and what are thes justifications for
Fisch's remar¥k aucted on vage 52 of this thesis,
that it was finslly settled that neovlasms de-
stroyed the surrcunding tissuss, but nevar
chansed the cells of it to tumour tissue? i

They are, in myv cpinion, two:-

|
1. Histclogical Investigation of new growths obtained
from the overating theatre, and vost mortem !
room, and by such it would avwvear that for suvi- |
thelial malienant new gfomths, the statement is
a correct oné. I am net vrevared to say, that

in the case of sarcomata it is vossible to he

certain of this fact.
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2. Bxperimental Investigation in the course or which,

thousands of growths have been inoculetad with

a negative result, with virtually only one ex-
cepticen - the mouse Adeno Carcinoma of Jensen.
Despite the fact of its grafting when all others
failed, I refuse to attach that importance to
its characteristics that tﬁose would make, K who
endeavour to make it the Mecca, to which all
devout pilgrims to the shrine of Cancer Researcﬂ
must journey for the true faith. Especially
would I refuse to grant, that it is necessary

for all sarcomata, that they must conform to

this standard in every respect, before they can

be accepted as ‘trl;e malignant neocoplasms. When |
I find, that the only dstailed descriptions of
cases of successful inoculation of sarcomata I
am aware of 6 are (setting the present disease

entirely aside, Jjust now, as being under dis-
48 49 .
cuss%gg) the cases of von Eiselberg, Loesb and

Velich; the last of whom successfully inoculated

a periosteal sarcoma of the rat. Whether it

grafted or infected 1is not mentioned, it is,
howéver, stated that healthy rats kept in the
same cage developed tumours. Loeb did a large

|

number / _ !
' |

|



number of exveriments with a sarcoma of the
white rat. He carried it through about forty
generations. He also worked with other cases
of sporadic sarcomata in the same animal and
obtained a similar facility in them, for suc-
cessful inoculation. The difficulties he en-—
coﬁntered, of determining the true nature of
the process by which tumours were created, were
very much akin to those encounterced by me in thé
dog. A mingling of cells derived from two
sources occurred, and tunours were created by a
grafting of cells of the portion introduced, a—g
long with a process of associated infection.

In many other respects his tumours were similar
to Infected Sarcoma, as it occurs in the dog,
and with it the vexed question also arose, as to
whether it was a true sarcoma or infective
granuloma. In his opinion it was a true sar-
coma. Under these circumstances, I consider we
are justifisd in withholding our opinion, as to
whether true sarcomata do or do not infect, and
if the power which the cancer cell is claimed

to possess of apparent limitless propagation,

which 1s the bed reck of the cytological school

'of/



of cancer research, is disregarded, the compari-
son between the behaviour of Jensen's Adeno Car-
cinoma as will have been already made out, and
that of Infective Sarcoma is most striking - in |
Jensen's tumour a history of 1ikely spontaneous
infection, in the sarcoma a constant one.

In both a ready facility of propagation.

In both spontansous recovery occurs.

In poth this is followed by immunity.

1e/
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ITf we look at some of the features we have
noticed in the tumours we have exarined, some fur-—
ther evidence as to the neture of the disease mav be
obtained. In mv opinion the strongest evidence so
far brought forward in favour of it being an infec-
tive granmloma, is the establishment of the fact
that in Infective Sarcomata a toxin is created which
leads to the produvction of interstitial nephritis.

Mo preof is fortheoming, that in truve sar-
comata any such virus is created causing similar
changes, although these naturally have been noticed
to occur in some cases. This is a subject which, I
would sugeest, is worthv of investigation, as it is
quite within the range of poreibility that slient
manifestations of renal inflammation might be de-
tected, with a recularity which would warrant the

assumption, that they were caused by the presence of|
|
the neoplasm, and not mere accidental coincidences.
The cachexia which accompanies the development of
true neoplasms, is undoubtedly due in most cases to
a contemporaneous toxiec absorption from an associat-
ed unlceration or interference with alimentation,
there are, however, cases in which it would aprear
t0 be due to the ahsorption of a poison produced by ;

the new growth; but this has never been isolated or

definitelv/
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definitely proven to exist.

The presence of lymvhocvtes and their deri-
vatives throughout thne tumour, which was noticed at
certain stages of its growth, and the acecumlation
of these cells forming extra vascular accurmilations
beyond its extending border, occurs in true malig-
nant neovlasms. This is found apart from anv assoc-—
iated ulceration. The accompanying illustration
(Plate XXXII. Fig.2.) shows this taking place in an
Alveolar Sarcoma removed by operation from a human
heing. It also illustrates the similarity of ite
histological ﬂtfucture, to that which occurs in the |
dog. Mo satisfactory explanation of the presence
of these cells in human sarcoma 1s so far fortheom-—
ing, and I am unzble to Find any record of a pro- .
ecreasive lymphocytosis being a feature of such cases!

The Spontaneous Recovery which was found
S0 frequently.with tumours feollowing subcutaneous
inoculation is in accordance with that seen with
Jensgen's Adeno Carcinoma. The ratlo of these has
varied materially in the experience of different
workers, We have seen how, in the animals inocu- i
lated in the éourse of this investigatlon, 1t would |
probably have beeh high if they all had been allowed
Lol ves

stricker/
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Stricker had 18 recoveries out of sixtv

o

’\

ses, The number of animals in which this occurs
after natural infection, is very rmich lower. 153F
does, however, very occasionally take place.

Spontaneous Recovery after the development
of a true malignant neoplasm in man, has heen re-
corded by Ortﬁ%land dthers, more especiallv with
Sarcomata, bt it is difficult in these, to exclude
all poseibility of fallacy. ;

The Immmity which exists after the dis—
appearance of the growths, is in comformity with
thaﬁ found with the Adeno Carcinoma of the Mouse.
The existence of this with ftrue malignant neoplasms
is, of course, unable to be demonstrated: but it
is in accordance with what one would expect to be
present, in the tissues of an organism, which has
beén able to overcome a similar previous infection.

The production of s=condary foeci of the
disease by metastatic infection by way of the blood
stream, has been noticed to happen, in one of the
cases, The secondary foci, however, did not show
all the charactefisties one would expect to see,
with the development of them from a single primarv

focus.



A consideration of the characteristics
of this disecse, and a comparison of them, with
those of trie malignant neoplasms will show that it

is one, which in certain important features differs

from the majority of malignant new growths, In no
one yrominent trait can it, however, be said to dif-
fer from all of those morbid processes, which are

at present included under the varue generic term of
Cancer, Neoplasm, ci New CGrowth. The differencesn
are mainly in features, which are assumed; but heve

not heen proven to he absent in all true neoplasms.

This, the ease with which its origin can be traced

to a definite process of contagion, is a point in
which it differs from the vast majority of the new }
growthe, met with in man. The fact that it 1is one,i
vhere combined with a local lesion a toxin is c:r-er_-n‘.nczr:I
and that we have been able 10 find definite inflam-
matory changes produced through the bodyv, with other
evidences of a general reaction, inclines one to the
bhelief, that we have here a disease, which approxi-
mates in its nature to certain of the infective
granulomata such as svphilis. Its local lesion,
however, resembles true sarcomata in histological

structure, and clinical characteristics. I would

prefer, therefore, to describe it by the term.by

whiceh it has been knovn, Infective Sarcoma, a vene-

real/
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venereal disease, and to consider it a tumour be-
longing to the borderland between the infective
granilomata, and the true neonlasms, one which,
probably, in the near future will be added to the
group of processes caused by a reaction of the tis-
sues to a *i¥dnag virus, but one in whiceh that virH§
is intra- and not extra-cellular, and the leading
characteristic of which, is the creation by this
means of a structure resembling a true neoplastic

new growth.

CONCLUSIONS/




198.

CONCLUSTIONS.

The conelusions concerning the nature of
Infective Sarcoma which have been arrived at, as a

result of this investigation are:-

1. That Infective Sarcoma is a general disease char-
acterised by the production of a local lesion,
possessing the histological structure of an

alveolar sarcoma.

2, That it is caused by an intracellular virus, con-
veyed by contagion from a living cell to a 1liv-

ing cell.

3., That the tumours formed after natural infection,
probably consist of cells entirely derived from

the tissuves of the host.‘

4, That the nature of the virus cannot be detected,

and

(a) eannot be revealed by any method of
staining.

(b)/
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(b) does not pass through a Berkefeld
Filter.

(¢) is not an ultramicroscopical micro-
organism.

(d) cannot be isolated apart from the
tumour.

(e) is not a Spirochete.

5. That the disease can be reproduced readily by '
subcutaneous inoculation into animals of the

same species.

6. That by the same method, it can be reproduced in

the fox;

7. That the tumours following subeutaneous inocula- ‘
tion are created from the cells introduced,
live, and by a process of direct contagion,
lead to the formation of additional tumour
'cells, from the connective tissue cells of the

host.

8. That it grows by multiplication of the cells thus |
formed, combined with a limited formation of

additional tumour cells, from the tissues of

the/
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the host.

9. That this latter céases, with the development of
the power of inereased resistence on the part
of the host, and a capsule is thus formed a-

round the tumour.
10. That the tumours disappear by gradual cytolysis
associated with the presence of, and probably

caused by, lymphocytes and polyblasts.

11. That the growth of the tumour is accompanied by

a gradual inerease in the number of mononuclea— |

ted cells in the circulation.
12, That immunity follows spontaneous recovery.

13. That this is brought about by a similar process,
occupying a much shorter duration of time - a
cytolysis of the tumour cells accompanied by,
and probably arising from, the presence of

lymphocytes and polyblasts.

14. The growth of the tumour is associated with the

development/
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development of a toxin, which can be isclated
from it by filtration, and produces interstit-

ial nephritis.

15. That the results of this investigation, emphasise
the present unsatisfactory classifaction of
neoplasms, which inelude a heterogeneous col-
lection of pathological processes, and indic-
ates the probability that, in the near future,
a differentiation will be possible, of pro-
cesses that are really neoplastic, from those,
that are merely reactive attempts by the host

against an invading virus.

The experimental part of this research was
conducted in the Laboratory of the Royal College of
Physicians, to the President and Fellows of which
College I desire to express my indebtedness for the |

opportunity thus afforded. The Histological portion

| was carried out in the Laboratory of the Royal Col-

lege of Surgeons. To the President and Fellows of

that College, I owe a similar debt of gratitude.

1/
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I have also to thank Dr Graham, for the
agssistance he gave me, in the daily examination of
the blood, and Mr Richard Muir of the Pathological
Department of the University for the illustrations
he has done for me, with his customary skill and

accuracy.
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