METASTASIS FORMATION BY BROWN-PEARCE TUMOR
IMPLANTED IN THE BRAIN

V.N. Popov

From the Laboratory of Experimental Pathology (Head — Prof, S.1. Lebadinskala)
of the Department of General and Experimental Pathology (Head — Academician A.D, Speransidi)
of the Institute of Normal and Pathological Physiology (Director — Actlve Member Acad. Med, Scl. USSR
V.N, Chernigovskil) Acad. Med. Sci, USSR, Moscow

(Received July 15, 1957, Presented by Active Member Acad. Med. Sci, USSR V.N, Chernigovskit)

In previous experiments fn which tumors were implanted inte certain animal organs (testis, metaphysis of
the femur) we noticed that the tendency to preferential fnvolvement of particular organs shown by the tumor
metastases varied In relation to the site of implantation. .Similar findings were obtained by other workers [8, 9
and others]. The susceptibility of some organs and the reststance of others, related to the site of implantation
and to the subsequent growth of the tumior, led us to the hypothesis that the differential distribution of metastases
among the organs {s determined not only by neurotrophlc disturbances arfsing by reflex pathways in the affected
organs, but also by protective and adaptivs processes arlsing at the same time and in the same way in unaffect-
ed organs [11, 10, 12},

The aim of our work was to investigate metastasis formatfon in relation io implantation fnvarious areas of
the brain,

In human clinfcal medicine we find primary malignant tumors of the brain of varying structure and local-
fzation, and also secondary tumors of the brain — metastases from tumors of certain Internal organs,

In the literature on experimental oncology some writers include the brain among tissues showing high re-
sistance to tumer development {13}, while others attribute low resistance to ft {1, 4].

Pearce and Brown, while studying the rabbit tumor which they described, observed that on implantation in-
to the brain the wmor develops without formation of metastases.

We implanted a Brown-Pearce strain of wmor in some rabbits {n the tissue of the superficial layer of the
brain, and in others in the lateral ventricle, Injections of 0,3 and 0.5 ml respectively of 2 25% suspension of
finely shredded tumor In physiological saline were made into the brain under ether anesthesia through a bure-
hole in the skull,

The implantation in the braln tissue was carrfed out at the junction of the anterior and middle thirds of the
left hemisphere, and the tumor suspension was injected into the upper layer of tissue at the same level, which
was achieved by introducing the needle with a mark on It always to the same depth.

For implantation in the lateral ventricle the tumor suspension was injected through a needle {n the anterior
horn of the lateral ventricle,

Altogether 119 animals were included In the experiment.

In a preliminary series of experlments the tumor was implanted in ten rabbits {n brain dssue and In ten
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rabbits in the left lateral ventricle. At the same time in three control rabbits the same tumor was implanted In
the tesis,

In all the control animals, which died on the 32nd-38th day,tumors had developed {n the testis, together
with numerous metastases disseminated throughout the fnternal organs.

Of the ten rabbits {n which the tumor was implanted in the tissue of the left cerebral hemisphere, in seven
& mor the size of a pea toa pine kernel developed. Of these animale, two rabbits died on the 42nd-50th day
and the rest were killed after 60 days. In no case were metastases present,

Of the ten rabbits with implantation in the left lateral venwicle of the brain, tumors developed at the site
of implantation —{n the cavity of the anterior horn —in eight animals, Of these rabbits three died on the 40th
day, five on the 50th-53rd days and the rest were killed on the 60th day. In six rabbits a2 mumor had developed
in one venuicle, and in two rabbits it had extended also{nto the secondlateral ventricle, In no case were meta-
stases found in the internal organs. In one rabbit with a tumor in both lateral ventricles, paralysis of both hind
limbs was observed during the last three days of life.

In order to analyze the tesults obtained, and in particular to elucidate what was responsible for the ab-
sence of metastases after implantation of the tumior in the brain tssue or the lateral ventricle, new series of ex-
perfments were called for.

In these experiments, following the example of the previous investigation, a2n additional stimulus was ap-
_plied in the form of a single Injection into the left testis of 0.5 m] of a 1% solution of formalin five days after
fmplantation of the tumor in the tssue or lateral ventricle of the brain. Two series of experiments on 42 ani-
mals were set up. The same number of rabbits constituted two control series: in these animals implantation of
the tumor was made in the tissue of the brain or in the lateral ventricle without the additional feature. The rab-
bits in which implantation of the tumor was made into the left testis (12 animals) served as a control of the ac-
tivity of the tumor suspension used in the two experimeats, All the animals were killed 35 days after implanta -
tion. The results of the experiments are shown in the table,

EXPERIMENTAL RESULTS

In the experimental groups of animals with both forms of implantation and with the additional stimulus,
tumor metastases were found in certain internal organs in 13 rabbits. In the comesponding control groups (i.e.,
without the additional stimulus) no metastases were found in the internal organs,

With implantation of the wmor in the brain tissue of the
T e left hemisphere, the primary tumor nodules varied in size from a
grain of buckwheat to a pine kernel.There was no significant dif-
ference in the dimensions of the ;;rimary nodules in the experf-
mental and control groups. In only one of the experimental ani-
i mals had the tumor spread in the upper layer of brain tissue of al-
most the whole anterior third of the hemisphere.,

With implantation in braln tissue metastasis formaton took
place only in the presence of a primary focus. In five rabbits me-
tastases were situated in the liver — from one to three nodules in
size from a millet seed to a pea. In one of these cases (two pea-
size nodules) the kidney was affected in additon to the liver (in
one kidney —three nodules the size of a millet seed in the cortl-
A cal layer).

With development of the tumor n the lateral venuicle, w-
mor growth in the control animals was restricted to the cavity of
one venmicle. In the group with an additional stmulus, In seven
rabbits the tumors extended into the cavides of both ventricles

ke

The lateral ventricles on transverse sec- (see figure). In six of these animals there were metastases also in
tion of the brain of a rabbit (No, 1123). internal organs, Metastasis formation was observed always only in
A large wmor is seen in the left lateral the presence of a primary tumor focus, when there were metastases
ventricle extending into the right ven- in the lver in seven rabbits, in three of them with simultaneous
tricle. involvement of the kidneys, In one rabbit the kidneys alone were
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affected, Metastases In the lver appeared as one to four nodules In size from a millet seed to 2 pea, in the kid-
neys — one to three nodules from a millet seed to a graln of buckwheat, situated tn the cortical layer. In three
animals the kidney lesions were bllateral,

In one animal with metastases 2 bilateral paralysis of the hind limbs was abserved at the end of the exper-
fment. Metastases In the spine were not found.

The results which we ¢btained in our experiments show (see table) that implantation of a tmor of the
Browit-Pearce strain Into the brain tissue or the lateral venwicle of the brain does not lead to metastasis forna -
ton In the internal organs, In not one of the 42 animeals in which this {mplantation was performed were meta-
stases found despite the growth of the tumor. It might be thought that by virtue of some reason the cells of the
implanted tumor, despite growth of the wmeor In the brain tssue, do not infiltrate the vessels and do not enter

the general clrculation,

Metastasis Formation by Brown-Pearce Tumors Implanted in the Brain With the Application of an Additional

Srumulus

Nature of the experiment

Number of rab-
bits in the group

_Number of rabbits .

with a tumor at

with metastases

Number of organs
with metastases

the site of im-
plantation

in {nternal organs

First group of animals

fmplantation of wumor in brain
tissue; 5 days later injection
into the testis of 0.5 ml of 1%
formalin solution.

20 18 5 6

Second group of animals

Implantation of wmmor inte

brain tissue (control} 20 16 0 0

Third group of animals

Implantation of wmor in the
ateral ventricle of the brain;
5 days later injection into the
testds of 0.3 ml of 1% formalin

solution. 22 19 8 11

Fourth group of animals

Implantation of tumor in the
lateral ventricle of the brain

{coatrol) 18 0 0

22

Fifth group of animais

Implantation of wmor in the

testis, 15 63

16 16

However, our experiments show also that the property of tumors growing in the brain not to form metastases
in internal organs is disturbed in case of application of an additional stimulus to an organ so far removed from the
brain as the testds. Hence it can be concluded that on implantation in the tissue or ventricle of the brain and with
subsequent survival and growth of the wansplantate, the tumor cells enter the general _circulation and reach the
organs, but they do not survive and metastases are not formed. Tumor cells reaching the organs probably meet tis-
sues resistant to them. This resistance is lost after injection of a small quantity of formalin into the tests.

The results obtalned from our investigation not onty confirm out previous observations but also demonstrate
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the {mportance of central mechanisms both In the appearance and maintenance of reslstance to the tumor cell,
and also In {ts disappearance,

~ The absence of metastasis {ormation on implantation of the tumor in the brain, and lts survival in that or-
gan may be due to the {ncluston Lu the response of the brain to rauma of protective and adaptative reactions
which are not confined to the area of the brain ftself but which also extend to the other organs and tissues of the
body. The action of formalin on the testds caused {nterference with the mechanism of these reactions which
probably led to those trophic changas determining the survival of the tumor cells circulating (n the blood stream
in a particular organ. This procedure also affected the growth of the tumor implanted in the lateral ventricle —
which extended to the opposite lateral venticle, thereby demonstrating trophic changes and loss of resistance in
the brain {tself.

SUMMARY

When Brown-Pearce tumor fs implanted into the tssie of the braln or fts lateral ventricle, the cells of the
wimor, convey‘ed to internal organs, do not ingrow and no metastases are formed. Additional stimulation of the
testls by injection of a small amount of formalin (after implantation of the tumor {nto the brain) resulted in for-
mation of metastases in certain Internal organs. Experiments prove the significance of the central nervous mech-
anfsms in resistance of the tissues to tumor cells, as well as in disturbance of this resistance.
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