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The benefits of education and of
useful knowledge, generally diffused
through a community, are essential
to the preservation of a free govern-
ment.

Sam Houston

Cultivated mind is the guardian
genius of Democracy, and while guided
and controlled by virtue, the noblest
attribute of man. It is the only dictator
that freemen acknowledge, and the
only security which freem,en desire.

Mirabeau B. Lomar
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A BROAD APPROACH TO THE CANCER PROBLEM

By

Roger J. Williams

Much of the work of the Biochemical Institute has to do directly with
cancer, and a large part has an indirect but highly important bearing
on the problem. Since these investigations have not only been supported
generously by the Clayton Foundation for Research but also by State
funds it seems desirable to outline some of the bases upon which our
programrests.

It should be borne in mind that the central and all important problem
in cancer research is to find means of controlling the disease, but that
on the other hand the most efficient means for solving this problem, in
which the lay public is intensely interested, may not appear to be as
"practical" or as direct as the public might wish. To illustrate with
an extreme case, it is probably safe to say that the two most important
measures against cancer discovered in the modern age are X-ray and
radium. These were discovered by scientists who had no direct interest
whatever in cancer.

The history of cancer research is replete with stories in which a
physician, often of wide experience, finds after prolonged search a new
means whereby cancer growth can .be arrested or a method whereby it
can be diagnosed in its early stages. But these stories varying only in
detail have always had the same sad ending—other investigators have
repeated the experiments and found the "discovery" to be useless or
highly overrated.

Such experiences have been repeated so often that there is an un-
mistakable tendency on the part of many potential investigators to shun
the field of cancer because, being human and coveting success, they do
not wish to join the vast army that has met with such consistent defeat.
In view of the failures over many decades it seems that a prudent man
would have to be either poorly informed or inordinately conceited, in
order to embark on such research.

This psychology is extremely unhealthy and for the most part is due
to a failure to understand the broad foundation which may be required
for the solution of the cancer problem. One does not have to be poorly
informed or conceited to do the type of cancer research which we pro-
pose to stress, and a grasp of the importance of foundational research
should attract more able investigators to this fascinating problem.

LIMITATIONS OF EARLIER RESEARCH

One of the besetting limitations of á large volume of cancer research
has been the desire to get the job finished as quickly as possible, to

utilize short cuts, to arrive if possible by a "happy thought" at the
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complete solution. To a large proportion of those who have been in-
volved, there has been the understandable humanitarian motive. They
have held in the back of their minds the realization that people are
continually dying—people whose lives might be saved. While this "im-
patient approach" may be appropriate for some types of problems, it
has severe limitations when applied to a problem as intrinsically diffi-
cult as the cancer problem is.

Much of the cancer research in past decades has been clinical in
nature because it has been carried on as a side line by physicians Whose
first responsibility and livelihood have involved the care of their patients.
Many laymen do not realize that our medical schools have the primary
task of training physicians who in order to practice successfully must
know something about the various branches of science, but who have
only limited time to spend on any one science. Most well trained physi-
cians are equipped to apply the knowledge in the numerous fields to the
practice of medicine, but are not trained to extend the boundaries of
knowledge in the basic fields. Since the usual medical course gives no
research training and experience whatever, it is grossly unfair for the
public to expect practicing physicians to make brilliant discoveries in
a most difficult field.

THE NEED FOR LONG-RANGE AND SHORT-RANGE INVESTIGATIONS
Sooner or later, more or less by accident, someone may find a way to

control cancer. For this reason alone all types of research on cancer should
be supported. On the other hand, there is a question as to how far we
want to rely on accidental discoveries—there is the distinct possibility
that the solution may come "the hard way," that it will be based upon
a very much better understanding of normal life processes than we
now have.

In the mechanical world it is so self-evident as not to require em-
phasis that in order to make an intelligent attack on a repair problem
one must understand how the perfected mechanism works. It may be
that we are in the position of one who is trying to invent radio, but who
hasn't had time to study the fundamental laws of electromagnetic waves
or of electron emission. Because our ability to grapple with the problem
is hampered by our lack of insight, long-range cancer research, in-
volving a study of fundamental scientific bases, needs most generous sup-
port. Comparatively speaking it has had very little—this in spite of the
fact that it is the more time-consuming and hence the more expensive
kind of research.

It seems imperative that in considering a national and world prob-
lem of the magnitude and importance of cancer—a problem involving
many millions of lives and upon which many billions of dollars may be
spent—-that every avenue of approach and every means of accomplish-
ing the end be duly explored and exploited. Professor Harlow Shapley
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has reminded us that during the first eleven days of the Normandy in-
vasion 300 Americans were killed each day, but that during this same
time (as well as during the rest of the year) an average of 400 Ameri-
cans died each day from cancer. He also states that for each million dol-
lars spent on the military war we spend only two dollars on the war
against cancer. Reasons and excuses can be offered, but since we obvi-
ously are not to be faced with a manpower shortage after the war, ex-
tensive investigation into the roots of the cancer problem need not be
ruled out on the score that we are "too busy."

THE TYPE OF BASIC UNDERSTANDING THAT IS NEEDED

In cancer we deal with cells that are deranged and it should be obvi-
ous that we can deal with them more intelligently if we have a better
understanding of the workings of normal cells and the way in which
these abnormal cells differ.

Cancer is often spoken of as tmcontrolled growth. Unfortunately while
we know that the tissues and organs of our body cease to grow after
they reach a particular size, we do not know what causes growth to
stop. Controlled growth remains an enigma. There must be mechan-
isms which hold the tissues in check but we do not know what they are
or how they function. Because of this fact, we are powerless to under-
stand or deal with -¿¿^controlled growth.

Cancer growth has some likenesses to embryonic growth and is often
compared with it. Unfortunately, however, we are so much in the dark
with regard to the fundamental mechanisms of embryonic growth that
the comparison only tends to define one unknown in terms of another.
Embryonic tissue juice has been used extensively in tissue culture experi-
ments—experiments in which growth of cells can be prolonged for years
but unfortunately the constituents of embryonic tissue juice are not fully
known and even the simple question of whether it contains distinctive
growth determinants cannot be answered at the present time.

During embryonic development various primary and secondary "or-
ganizers" appear which influence the orientation and the development
of specific organs and tissues. We have vague information that some of
these may be lipoidal or steroidal in nature, but no knowledge of details
of what they are, how they originate, or how they function. On the other
hand the fluids of mature animals almost certainly contain substances
which inhibit growth, as shown in Carrel's classical experiments, but
the nature of these inhibiting substances is wholly unknown.

Cancer cells are often spoken of as undifferentiated cells. So they may
be (although the proposition is debatable), but of what: use is this infor-
mation if we do not know the important factors concerned in transactions
from the differentiated to the undifferentiated state? Differentiated cells
are specialized and the chemical mechanisms present in them differ from
those present in the parent undifferentiated cells. But one type of dif-
ferentiated cells differs from another, different types of undifferentiated
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cells differ from each other, and our notions of the mechanisms in-
volved when a cell becomes differentiated or de-differentiated, are indeed
vague if non-existent. If we attempt to understand cancer on the basis
of our comprehension of differentiation or de-differentiation, we are like
a blind man leading himself by his right hand with his left.

Malignant growth involves the continuous production of new cells, the
most prominent constituents of which are the proteins, including nucleo-
proteins. Obviously if we could control the process of synthesis of these
proteins we could also control cancerous growth. Unfortunately, again,
we lack the basic information. We know in a general way that protein
synthesis must be catalyzed by enzymes and that the same enzymes that
can bring about digestion can also cause synthesis, but it seems equally
certain that the proteolytic enzymes which we know the best are not
the ones which, are responsible for synthesis of proteins in growing cells.
Regarding these synthesizing enzymes or the number of them which
may exist in a particular cell or how they are normally held in check,
we are almost completely in the dark. Newer approaches to the study
of proteinases show promise of great fruitfulness in this field.

One of the most outstanding of all cancer researchers, at the Rocke-
feller Institute of Medical Research, has made a statement which in the
opinion of the author is most revealing. He says, "But the scientist
sees in it [cancer] a host of vivid questions chief among them how tissue
cells come to flout the laws of organization." (The italics are not in the
original.) In a broad sense this may be a vivid problem and was for-
mulated after long years of study and experimentation. A thoughtful
consideration of its meaning leads us immediately to ask, what are
these "laws of organization"? Unfortunately they are not known—we
do not know the secrets of controlled growth—hence it is not surprising
if the alleged flouting of these laws is not understood.

There is a pressing need for a vast amount of knowledge and insight
that we do not at present have. What are the normal controls on growth ?
What are the peculiar attributes of embryonic growth? What are the
fundamental changes involved in differentiation or the reverse process ?
What is the mechanism of protein synthesis? What are, in short, "the
laws of organization"?

It is obvious to all of those who are acquainted with the attributes
of living things that our bodies can make use of agents the action of
which we do not understand. It is not reasonable to suppose that we
must possess a complete understanding of the normal cell and the whole
cancer process before we can do anything about it. But-our insight is
so limited that additional basic facts, are seriously needed—some of this
new knowledge will unquestionably be the father of new leads. Ap-
proaches to the cancer problem which are now unthought of will arise
out of new knowledge and new insights.
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EXPLORATION OF FUNDAMENTAL TISSUE CONSTITUENTS

As a prelude to a study of the "laws of organization" it may be con-
sidered essential that each working part of the machinery of living cells
be recognized and its functioning studied. To this end much of our
work in the Biochemical Institute is directed to the study of the "B
vitamins/ concerning which we have published two bulletins as well
as numerous articles in journals. (See Appendix.) These substances,
for which we have developed new methods of study in many instances,
are clearly working parts of every living cell, whether of plant, animal,
or bacterial origin. They function in minute amounts and are often
spoken of as "growth substances." Since they are present and function
in cancer cells, where growth is abnormal, as well as in normal cells,
knowledge concerning these substances is greatly to be desired.

Basic investigations on the B vitamins have already developed com-
pletely new leads in cancer investigation and possibly have laid the
foundation for significant advance. The selection of B vitamins as cell
constituents which should be studied in order to understand malignant
or other growth does not minimize the importance of other cell con-
stituents. We are peculiary well equipped to study the B vitamins and
since this is frontier territory we are making contributions in this field,
but all other essential cell constituents are also eminently worthy of
study whether they are required nutritionally (as vitamins are) or
whether they are built by synthesis in the cells.

THE PROBLEM OF ETIOLOGY

Certainly one of the most important problems at this stage of cancer
research is to know what agent (or agents) is responsible for causing
malignancy to develop. Until the cause is known and the progress of
its activity can be followed there would seem to be little hope of com-
bating the condition except by empirical means, accidentally discov-
ered. In cancer research happy accidental discoveries have not been
the rule.

If and when the development of cancer can be traced and the causa-
tive agents identified, the possibility of putting up a successful battle
is enormously increased. Otherwise we are attempting to fight an un-
known, invisible enemy whose location and method of warfare is beyond
our knowledge.

Elsewhere in this volume is presented the evidence obtained to date
which supports the thesis that a virus-like principle is fundamentally
the responsible agent in the production of cancer. This evidence and
this thesis we regard as most important. If and when this is firmly
established, and when we learn more about this virus-like principle, the
stage will be set for the next act, in which we can hope that the villain
ultimately will be slain. Until we can spot the "villain" (or villains)

our efforts to apprehend him can hardly meet with success. The devel-
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opment of reliable techniques for producing mammalian cancer by a
virus principle will be of unmatched importance in this respect.

THE FUTURE OF CANCER RESEARCH

Investigation having to do with cancer will continue to be carried
forward along two lines as long as the need for investigation exists.
Since cancer is a disease it is the physician's job to treat the condition,
using all the resources at his command. It is also the responsibility of
the medical profession as a whole to be on the alert and to seek to apply,
wherever possible, every new agency which offers promise. The physi-
cians, alone, can perform this function. But, as has been pointed out,
the physician cannot treat his patients and at the same time perform
basic experimentation in the many scientific fields which may be ex-
pected to yield information of value for the treatment.

Cancer is a biological phenomenon which has its roots in the funda-
mental nature of living cells, and all the resources of all aspects of
science are needed to unravel its meaning. There are so many facets
that the task calls for the painstaking efforts of a multitude of inves-
tigators.

The physicians have done and are doing their part to carry on the
clinical type of cancer research, but the broad approach needs em-
phasis, expansion, and unstinted support. Barring unexpected happy
accidents, the fundamental type of research will be indispensable to
success; it requires active promotion because it has not been pursued
in proportion to the seriousness of the problem. It does not have the
popular appeal that investigation which appears more direct and "prac-
tical" possesses.

Cancer research of whatever type must attempt to increase the body
of reliable, orderly knowledge of this phenomenon and arrange for its
dissemination so that each investigator can make use of the findings
of others. In "hit and miss" research this is not accomplished; an in-
vestigator plays his hunch and when his "happy thought" turns out to
be invalid, there is nothing left for a later investigator to build upon
except the quagmire of random failures. When fundamental contribu-
tions are made, though seemingly unimportant, they help all succeed-
ing investigators.

Human progress has come about through the accumulated inheritance of
past ages, and cancer research will progress only as a result of the
studies of a multitude of investigators each of whom is willing to do
his part, small though it may be, toward the solution of the whole
intricate problem. The psychology of cancer research when viewed from
this angle is wholesome and sane and there is no reason why anyone
should shun it. Furthermore the fundamental findings which, are essen-
tial to cancer research are also fundamental to many other problems and
there is every reason to think that the cancer research which is conducted
along these lines will yield by-products of extreme value.



DEMONSTRATION OF A VIRUS-LIKE TUMOR AGENT BY FILTRA-
TION AND DESICCATION OF MATERIALS FROM EGGS

BEARING MOUSE MAMMARY CARCINOMA
By

Alfred Taylor, Adele Kynette, and R, E, Hungate
About two years ago we reported the production of mouse mammary

carcinomas with a cell-free filtrate obtained from tumor-bearing eggs
(1). It now appears worth while to describe in some detail the various
procedures and experiments which have been undertaken in the contin-
uance of this research. Much of the data included is negative in char-
acter, but a record of the many fruitless approaches to the problem
should be of value to other workers in this field.

Our main preoccupation has been and still is to evolve procedures
which could be expected regularly to demonstrate that mouse mam-
mary carcinoma results from the action on epithelium of a virus-like
tumor agent. Enough positive results have been obtained to establish
to our satisfaction that such an agent is associated with the genesis of
this mouse tumor, but detailed researches are required to advance the
work to the point where the nature of the virus can be studied directly.

Since the investigation has been concerned with a new field, we have
received very little help from the published work of other investigators.
It has been necessary to explore this new aspect of the cancer prob-
lem and to pioneer in the use of various techniques which have not
previously been evaluated.

Our initial success was due to the discovery and application of a new
tool, the yolk sac method of growing cancer tissue. The relative perfec-
tion of this technique has required extensive study and is still subject
to improvement and modification (2, 3, 4).

The use of egg materials in the preparation of the various extracts
has made it necessary in many instances for us to devise special meth-
ods of manipulation or to modify technique» perfected in relation to
other materials. For example, it proved to be very difficult to prepare
Berkefeld filtrates of diluted yolk from 17-day tumor-bearing eggs un-
less special precautions were taken such as the use of very low-suction
pressure.

We are concerned with a purely experimental approach to the cancer
problem and it is not surprising that the greater part of the results
obtained have been negative. No advance toward the solution of a par-
ticular difficulty is likely without a persistent consideration of all the
factors which may be involved. Our present objective, the working out
of repeatable procedures for the tumor virus demonstration can only be
realized when we are able to duplicate consistently the conditions which
gavepositive results.
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EXPERIMENTS WITH BERKEFELD FILTRATES

We have designated the following routine of filtration as "standard
procedure," choosing the details substantially from our most successful
experiment: Egg materials were combinations chosen from the yolk,
tumor, blood, and fluids of tumor-bearing eggs, and the typical sample
was diluted with 1 volume of 0.58 per cent saline. Some aliquots includ-
ing unusually thick yolk required more than 1 volume of dilutant to
render them filterable. Centrifugation was continued from 5 to 15
minutes at 1000 x gravity. The intermediate liquid was withdrawn
through a hypodermic needle inserted into the centrifuge tube below
the surface film and forced through an N size Berkefeld filter by a
very low-suction pressure. Injections of 0.25 ml. of filtrate were made
subdermally in the inguinal regions of unmated females two to five
months of age. An experiment was considered negative and the mice
autopsied, as a rule, three to four weeks after the single inoculation.

We have followed this standard procedure in eleven nitrations involv-
ing materials from nine batches of eggs using a total of 33 female and
5 male mice (Table I). Only in one instance was the filtrate tumor
producing, and the positive experiment was also the first of the series.
A composite yolk sample from eggs bearing 1 to 3 gm. yolk sac tumors
[dba mammary carcinoma 1 (1)] was filtered and injected into six

female mice. All six had tumors which were visible in four to ten days
and weighed several grams at three weeks. Each tumor was carried
through at least six serial transplants. They were histologically indis-
tinguishable from the donor tumor and from each other (Figs. 1 and 2).

As it became evident that our attempted duplications failed in some
unknown way to be actual duplications, another approach seemed advis-
able. Variations in the procedure might paradoxically effect more nearly
exact duplication of the conditions of our original experiment.

The sedimentation and adsorption of virus-like particles have. been
shown to be related to the osmotic pressure and the electrolytic prop-
erties of the suspending solution. The dilutant, the composition of the

TABL.E I

Dilutants Used in Berkefeld Filtration Experiments

Dilutant No. $ mice No. $ mice
0.85% saline :. >-„ 37 47
0.58% saline .-„_.._.. .„„_ 33 5
0.3 % saline ...; ...,...„.,..... 6
Distilled water .. „_„ „,._ ,.., 6
Ringer's solution .„.„.„ I 10
Eilk „! „.„ 4
Tyrode's solution 2
pH 7.8 borate buffer „...„ 4

No. Expts
16*
lit

2
3
2
1
1
1

*One experiment positive. See text, page 15.
fOne experiment positive. See text, page 14.
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yolk, and the inclusion or exclusion of blood and other chick fluids were

the determinants of these factors in the "standard procedure." A vari-
ation in the dilutant might counteract a variation in the egg compo-
nents and keep the tumor agent in suspension.

Table Í is a summary of a series of experiments in which the dilu-
tant was varied and other details kept constant and in accord with our
"standard procedure." Brief discussions of the rational basis of each
choice follow.

In osmotic pressure 0.85 per cent saline corresponds to the blood of
the mouse and. roughly to that of the chick embryo. It causes no disturb-
ance when injected into mice. It was used as an innocuous fluid which
would probably have no effect except to adjust the osmotic pressure of
the filtrate more nearly to that of the mouse.

The positive result obtained in this group was again from the first
experiment. Yolk sacs and chick embryo membranes from eggs bear-
ing the dba mammary carcinoma 1 were ground with sterile alundum
and the saline extract passed through a V and then an N size Berke-
feld. The chick membranes were included to test for possible concen^-
tration of virus there. Six females received subdermal injections on
the back between the scapulas. All six bore growths which became visi-
ble in one to two weeks and some of which persisted several months.
One mouse of this group developed a malignant tumor which weighed
about 1 gm. when the mice were autopsied 204 days after injection.

The osmotic pressure of yolk is about that of 0.58 per cent saline (5).
This dilutant was used to preserve as much as possible the yolk envi-
ronment to which the virus particles had supposedly become adjusted.

Vaccinia particles show an increased size and lowered specific gravity
in a hypotonic solution (6). Theoretically the addition of 0.3 per cent
saline would change the osmotic pressure of a sample of egg material
to a value below that of yolk and perhaps change the specific gravity
of the virus enough to keep it in the suspending liquid through centri-
fuging. Employing distilled water as a dilutant was an application of
the same reasoning. In addition to effects on the specific gravity of the
tumor agent, these dilutants might lower osmotic pressure enough to
bring about cytolysis of any erythrocytes or tumor cells present.

Cells survive longer in Tyrode's solution and Ringer's solution than
in 0.85 per cent saline, and it is possible that the viability of the virus
is somewhat greater in samples diluted with these fluids as compared
to saline or distilled water. Milk was employed as a mild biological fluid
which has no effect on tissue, and which might act as a preservative.
The experiment with a buffer solution was an attempt to bring the acid
yolk to neutrality. Hydrogen ion concentration has been shown to be
a factor in sedimentation and adsorption of particles of virus size and
the relation of pH to the demonstrability of the agent in tumor-bear-
ing eggs is a problem which has scarcely been touched.
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No conclusions on the comparative merits of the dilutants shown in
Table I can be drawn since most of the filtrates were completely devoid
of tumor-producing properties. Choice of dilutant from the list given

here does not appear to be critical with respect to a successful demon-
stration of a tumor agent.

Table II shows a series of experiments in which tumor egg samples
were incubated at hatching temperature before centrifugation and fil-
tration. Otherwise the process was essentially our "standard procedure."
Tumor development did not follow any of these injections.

TABLE II

Incubation of Egg Materials in Filtration Experiments

Distilled 0.3% 0.58 % 0.85 %
Dilutant water NaCl NaCl NaCl Clarase None

No.9 No. No. 9 No. No!s No. No. $ No. No..9 No. No.9 No.
Hours incubation mice expts.mice expts. mice expts. mice expts. mice expts. mice expts.

By incubating yolk with the hypotonic dilutants we hoped to increase
cytolysis and thereby possibly liberate virus contained in tumor cells
or chick erythrocytes. Influenza virus can be concentrated on chick
erythrocytes and then released by incubation and the Rous agent can
be similarly combined with red blood cells (7, 8).

One possible explanation of the inactivity of the tumor agent is a
combination with chick proteins. Naturally occurring enzymes are
active in the autolysis which begins immediately after death and their
action would be one method of releasing the agent from a tie-up with
chick materials. Incubation speeds this process of lysis.

The length of the periods of incubation were set arbitrarily. Viruses
have been shown to be deactivated in some solutions by exposure to
air (9). One positive experiment (Tables VII and VIII) indicates that
at least some concentrations of the tumor agent will stand four hours'
incubation in the presence of air, the suspending media being desic-
cated yolk plus distilled water. From the experiments listed in Table II
the only conclusion which can be drawn is that incubating egg sam-
ples does not change the end results of "standard procedure" from negative
to positive.

Centrifugation was continued for from 5 to 15 minutes at 1000 x
gravity in our "standard procedure." We have usually kept centrifuga-
tion at the minimum of 5 minutes, since one explanation for the absence
of tumor-producing properties in filtrates was the sedimentation of the
tumor agent. In the experiments of Table 111, 5 to 15 minutes centri-
fuging at 1500 x gravity was used to facilitate later filtration. "Stand-
ard procedure" was followed in all particulars not designated. There
was no response to any of the injections.

5-6 2
!4 12
;8 :__ 2

1
5
1

20
6

6
2 2 1

3 1
3 2 1

2
1
1
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TABLE 111

Filtration Experiments in Which Materials Were
Contrifuged 5 to 15 Minutes at 1500 x Gravity

In a total of 76 experiments (Table XI) we have duplicated and
varied the manipulations of our original Berkefeld filtration enough to
conclude that the procedure does not include any single obscuring factor
which is independently responsible for our negative results.

EXPERIMENTS WITH UNFILTERED INTERMEDIATE PORTION OF
CENTRIFUGED MATERIAL

When it became obvious that the "standard procedure" did not con-
sistently yield tumor-producing filtrates, the final manipulation, that is,
the actual filtration, was omitted. It was thought that the tumor agent
might at times be present in such a low concentration that adsorption
on the filter would inactivate the solution. Accordingly 22 experiments
involving the use of 76 mice were made with unfiltered middle portion
of centrifuged saline suspensions of materials from tumor-bearing eggs
(Tables IV and XI).

The method of preparation of the extract for injection was similar to
thatemployed in the Berkefeld filtrate material except that some centrifu-
gation was done at 1500 x gravity in order to effect a more complete
sedimentation of tumor cells. The intermediate liquid of centrifuged

TABLE IVí¿.

Experiments in Which IntermediateLiquid Was Injected Without Filtration

5 to IB minutes 5 to 15 minutes
Centrifugation: 1500 x gravity 1000 x gravity

No. No. No. No.
Dilutant mice expts. mice expts.

0.85% NaCl 8 3
19 , 5

Non- \ 0.58% NaCl 3 1 10 \incubated 0.3 % NaCl x" ' {
Ringer's solution

1 pH 7.8-8.0 buffer 5 2
0.68 % NaCl 2 1
0.3 % NaCl , 9* 2

Incubated^ ¿istilledwater 5 2
pH 7.8-8.0 buffer 3

*One positive experiment. See text, page 18.

Dilutant Incubated Non-incubated

♦

No.
mice

No.
expts.

No. No.
mice expts.

>.85%NaCl

1.58 % NaCl

tinger's solution I.
'.3 % NaCl
distilled water

39
29

1
1

39 1
3¿ 1
79 2
S$ 1
39 1
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material was carefully removed by use of a long hypodermic needle.
By being careful"to. have a little air in the syringe any lipoid material
from the top layer which became stuck to the needle point could be

expelled.
Prepared in the manner described, the middle portion of centrifuged

solution apparently does not contain tumor cells. The tumor tissue has
a much higher specific gravity than the liquid supernatant egg solu-
tion and goes into the sediment readily. Some tumor cells appear to
be trapped in the semi-solid lipoid layer which forms at the top of the
centrifuge tube.

If the tumor-producing potency of the intermediate liquid had been
comparable to that of the best Berkefeld filtrate, it could not have been
explained by the presence of cells. The few cells which could possibly
have been present, would have given rise to tumor development only
after a lapse of several weeks. Relatively rapid tumor development fol-
lowing the injection of this material would have indicated the action
of a non-cellular tumor agent.

Tumor production resulted in one experiment with supernatant fluid.
Material for injection was taken from three eggs which contained yolk
sac tumors (dba mammary carcinoma 3 1) weighing 2.0, 3.5, and 4.0
gm. The chicks were undersized and had severely damaged livers. In
all three a clear, jelly-like substance distended the abdomen.

The tumors were homogenized by being forced through a 10 ml. hypo-
dermic syringe which contained a fitted circular wire screen. Sixteen ml.
of 0.3 per cent sodium chloride solution was added to the 4.0 gm. tumor
and the resulting, suspension was placed in the incubator. This mate-
rial became the sample designated as fraction A.

Blood and allantóte fluid were centrifuged and 0.5 ml. of sediment added
to a suspension of the 3.5 gm. tumor in 8 ml. of 0.3 per cent sodium
chloride solution. This preparation became fraction B.

Both A and B were incubated separately 5Vs2 hours at 38° C. After
incubation both preparations were centrifuged 10 minutes at 1500 x
gravity. Then intermediate liquid was withdrawn as previously de-
scribed. Six female dba mice received subdermal injections of 0.2 ml.
of the liquid in the inguinal area, fraction A on one side and B on the
other.

The results were as follows: One mouse failed to react. One mouse
developed a ■ vascularized nodule at the site of injection of fraction. B,
but sections of this growth showed no evidence of tumor tissue. The
remaimn:g:;four mice on autopsy 21 days subsequent to the injection had
growths at the site which received fraction B. Histological sections dis-
closed these to 4 be mammary carcinomas similar .in appearance to the

iThis tumor appeared spontaneously in our breeding stock, was carried by serial
transplantation ip 'mice, and was similar to dba mammary carcinoma 1 in, every respect.
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donor tissue. There was no observable reaction to fraction A in any
of the six mice receiving this material.

Other animals were injected with materials from the same eggs, three
with untreated blood sediment and supernatant of fresh whole yolk,
three with incubated centrifuged diluted yolk, three with centrifuged
incubated whole yolk, and three with dried yolk and tumor tissue. One
of the mice which received incubated supernatant of whole yolk devel-
oped a malignant tumor. All other injections were negative.

EXPERIMENTS WITH YOLK LIPOID MATERIAL

The centrifugaron of saline dilutions of yolk material brought a light,
creamy substance to the top of the containers. It was a regular by-
product of our "standard procedure" and has been referred to as the
lipoid fraction since it is fat-like in quality. This layer is unalterable
and so must be removed from solutions which are to be Berkefelded.

The lipoid fraction of tumor-bearing eggs has been found to have a
high tumor-producing .potency (Table V). This was in contrast to the
intermediate liquid which lies just below it in the centrifuge tube. The
simplest explanation is that tumor cells were present in the lipoid sam-
ples tested. Evidently tumor cells can become trapped in tissue frag-
ments which contain enough of the lighter lipoid fraction to rise to
the top of the tube during centrifugation (10).

TABLE V

Tumor Production by the Top Layer of Centrifuged Yolk
No. ,' No. positive

mice injected ■ Sex "■ No. expts. expts. No. tumors
.23 ■ . . . 9. ;,; i 6 . 4 10

12 ' ■ $' , -■ 4 3 9

"On the other hand,, some of the data indicate the possibility that the
tumor agent: may also.be conceMtrátéd in a viable form in the lipóid
layer; "The lipoid 'fractionates: produced tumors more consistently than
úiitréátéd' -materials from' c^cér-bearing eggs, and some of the tumors
so produced are made up of more than one type of tissue. In one ex-
periment "in whicii four mice received injections of this material, visi-
bly tumors Méréí'.présént 'm all óf them by the. thirteenth day. It is un-
lifefely.^tb^t k\i€ féw cells which could i have,been present would have de-
veloped so rapidly. It is "possible1 that the tumors in this instance, were
.'avproduct; of: tumor agent and celts combined./.:../':
<'Further experiments with the lipoid fraction-are under way.

- EXPERIMENTS WITH DESICCATED MATERIAL

It appeared possible that the failure to obtain consistent results with
'^rkefeldi-íiltráte^'and 1 tne intermediate portion of centrifuged mate-
rial was due to the stómelitátióñVof the tumor agent; It;was; noted* that



The University of Texas Publication20

diluted yolk from tumor-bearing eggs gave a very heavy sediment
when centrifuged. If the agent was combined in some way with this
non-filterable material, it is obvious that Berkefeld and similar extracts
would be inactive. On the other hand, it is impossible to test the sedi-
ment directly for tumor agent since tumor cells are also present m this
fraction. Accordingly, desiccation was utilized as a method which would
deactivate the tumor cells and possibly not affect the tumor virus.

"Lyophilization" is a technique which consists of quick freezing ac-
companied by high vacuum drying. In this way dehydration is effected
in such a manner that denaturation is avoided and the addition of water
to the desiccate results in essentially the original material. The term
"lyophilize" has been specifically applied only to substances such as blood
plasma which are known to react in this manner. Egg materials dried
by this method appeared not to be denatured since these desiccates re-
vert to a condition very closely resembling the original state when the
water is replaced.

The initial experiments (1, 2, and 3, Table VI) were done with ma-
terial which was desiccated without previous freezing. Less than a
gram of egg material in sterile petri plates was placed over phosphorus
pentoxide in a continuously''evacuated desiccator. Drying took place
very rapidly, and the small quantities of material used appeared to be
completely dehydrated after six hours.

In experiments 5 to 16 quick freezing was added to the original pro-
cedure, and the desiccator was packed with carbon dioxide ice. Samples
of from 1 to 10 gm. were dried by this method and disiccation was
allowed to continue in every instance for 24 hours.

The material for experiments T7 to 33 was desiccated in a specially
built apparatus which consisted of a closed system evacuated by a Hi-
Vac oil pump. The ,moisture was collected in a bulb which was im-
mersed in a solution of carbon dioxide ice in acetone. Samples rang-
ing in weight from 10 tq 30 gm. could be dried in this apparatus. Yolk
and tumor were homogenized and frozen on the inner surface of the
lyophilizing tubes by rotating them in a freezing mixture. The material
remained frozen during the drying process which was continued for
24 hours. ... ,

Yolk, tumor, blood, and ether chick fluids and combinations of these
were desiccated. Altogether samples from 33 batches of eggs were lyo-
philized. Egg tumor sizes ranged fromless than 0.5 gm. to 4.0 gm., and
the aliquots were taken from one to twelve eggs.

A few chick livers from tumor-bearing eggs have- been dried, and
also lipoid and sediment fractions of the centrifuged' yolk of tumor-
bearing eggs.

As shown in Table VI from a total of 33 batches of eggs 30 samples
included yolk, 15 included tumor material, and 15 included blood or blood
and fluids. Five samples were combinations of yolk and blood, 3 of yolk
and tumor, and 6 consisted of yolk, tumor, and blood.
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TABLE VI

Composition of Desiccates
Yolk No. mice No. injection

injected expts.Eggexpt. no. dried Tumor dried Blood dried
1 .x
2 X
8 x

X4 x
x
X
X
X
X
X
X
X
X

5
6 :x
7
8
9

10
11
12
13 (A)

(B) x
X14

15 x
X16 (A)

-(B)
x
X

17 x
X
X
X

18
19 x
20 <A)

(B)
(A)
(B)
(C)
(D)

X
x21

x
x

x
x
X
X
X

x
x
X
X

2,2 X
x
X

23
24
25 (A>

(B) X
X
X
X
X

28 x
x
X
X
X
X
X
X
X

27 x
x
X

28
29
30
31 X
32
33 (A)

(B) X

*One experiment positive. See text, page 23.
fOne experiment positive. See text, page 23.
$One experiment positive. See text, page 23.

Our methods for preparing desiccates for injection are summarized in
Table VII. The standard procedure was to add 3 parts by weight of
distilled water to 1 part "lyophilate" and incubate 2 to 4 hours at 38° C.
By this procedure the material was returned to approximately its orig-
inal state. Incubation served to accelerate the process of producing a
homogeneous mass. Injections of 0.1 ml. were made subdermally in the
inguinal area.

In two experiments dried tumor tissue and dried blood were pre-
pared for injection by diluting with Ringer's solution. This was done
because Ringer's solution served as a better balanced medium for live
tissue. However, its addition to dried material increases the salt concen-
tration above that originally present.

3
3
9
2
5
7
8
4
3
2

22
6
2
6
2
9
2

20
6
3
6
6
4
4
2

11
2
2
7
2
2
3
3
3
3
4
4
4
4
4

1
1*
2
1
1
1
2
1
1
1
7
2
1
2f
5
1
8
2
1
2
2
2
2
1

17$
1
2
1
1
1
1
1
2
1
1
1
1
1
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TABLE VII

Methods of Preparing Desiccates for Injection

No.expts. No. mice . :■■... Exptl. detailsExptl. details
48* 172 Incubated 2-4 hr. with 3 parts distilledwater.

10 34 0.58 or 0.85 % saline added.
8 27 Highly diluted with saline, centrifuged; sediment, lipoid,

and intermediate injected.

16 Incubated in vitro with yolk from normal hatching egg.

18 Distilledwater addedto desiccate; hatching egg inoculated
with suspension; mice injected with yolk of hatching egg
after 5 to 11 days.

6 Ringer's solution added.
3 8 Distilled water added.

*One positive experiment. See text, page 23.
fOne positive experiment. See text, page 23.

Saline solution was used in eighteen experiments to dilute dried ma-
terial in preparation for injection. In most of these preparations dilu-
tions in the ratio of 6:1, 10:1, 25:1, and higher were utilized. In the
instance of the higher dilutions the material was centrifuged and lipoid,
intermediate fluid, and sediment were injected separately. Here again
as with the use of Ringer's solution, the effect was to increase the salt
content above normal.

A few experiments involved the reintroduction into incubating eggs
of dried yolk substance. This was done with the object of possibly cul-
tivating the tumor agent independently of the presence of tumor tissue.
The period of incubation in eggs ranged from three to eleven days.
Seven experiments of the same type were done in vitro. Desiccated
material was added to yolk from four to seven-day normal hatching
eggs and incubated from 2 to 24 hours. :

RESULTS

Benign growths.—The majority of samples of desiccated material
which were diluted with saline produced non-malignant growths when
injected into mice. The sediment which resulted from centrifugation
of high saline dilutions was especially notable in this respect, produc-
ing growths more regularly than any other material. This hyperplastic
response persisted in many instances for from three to six weeks and
the growths measured up to 1 cm. in diameter. Histological sections dis-
close these growths to be chiefly Connective tissue together with infil-
trations of polymorphic leucocytes.

Dehydrated normal yolk diluted with saline has given this same effect
on rare-occasions, and to a lesser degree. . . i

Malignant growths.—h experiment 3, Table VI, one tumor developed
following the injection of dried tumor tissue. Small egg tumors (dba
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mammary carcinoma 1) (0.1 gm. and 0.3 gm.) with some adherent yolk
were dried six hours without freezing, cut into small pieces and sus-
pended in Ringer-s solution^ 1 part.dried tumor to 9 parts liquid. Three
females received 0.25 ml. of this suspension, one subdermally in the
inguinal .area and the other two intramuscularly through skin slits-made
over the dorsal aspect,of the inguinal region. The tumor developed from
one of th,e intramuscular injections and was partially in the subdermal
space and partially imbedded in the muscles. It became visible at 21
days and was harvested at 36 days. The tumor was carried through ten
serial transplants in mice, and grew as well as the original tumor when
implanted in eggs. Histological sections were very much like those of
the donor tumor.

T^ble VIII summarizes the results of the most successful experiment
involving desiccated material. It was designed to demonstrate the tumor
agent not by tumor production but by an immunity reaction, and this
was the reason for the large number of mice as compared with pur
other experiments. The desiccate was yolk and yolk sac tumors (dba
mammary carcinoma 3) averaging 2.5 gm. (21D, Table VI) from four
eggs and had been stored in the refrigerator 113 days when prepared
for injection by the method given in Table VII. The first group (Table
VIII) of seven mice was injected with 0.1 ml. in the inguinal area. The

TABLE VIII
Results of One Injection Experiment with Desiccate 21D

Days Days
No. No. Tumor until until Estimated size
mice tumors numbers visible autopsy at autopsy (gm.)

injected
Group 17,6 DV 111 12 . .2.2 0.5
(Undiluted) IV " 14 27 0.5

V 12 27 0.6
VI 21 27 0.5
VII 16 39 3.0
VIII 28 49 2.5

66
Averages for group 1 17 32 1.3
Group 2 7.6 NDY I 18 28 0.5
(Dilution) II 28 40 1.5

111 33 49 1.0
IV 30 49 1.5
VII 25 49 ■ 1.0
VIII 30 49 1.0

66
Averages for group 2 27 47 - 1,1
Group 3 13 8 V 28 49 i 2.0
(Dilution) VI 19 49 i \

' 0.75.
IX 28 59 . 1.5
X 28 59 l; 0
XI 30 59 1.0
XII 33 59 . ' . 1.0
XIII 28 59 1.0
XIV 29 66 . , . 1.5

49
„'„ (4) ___ 66

Averages for Group 8 28 57 1.1
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second group received the same material diluted with yolk from a non-
injected 17-day egg, dried and prepared for injection by the same pro-
cedure. The third group was inoculated with a similar but higher dilu-
tion. The amount of the desiccate from tumor-bearing eggs included
in the 0.1 ml. injections of groups 2 and 3 was varied and in some there
was little more than a trace. However, all of group 2 received a higher
concentration than any of group 3. All three groups were comprised
of dba females from the breeding stock "ranging in age from five to
twelve months.

A comparison of the three groups on the basis of the average num-
ber of days at which the tumors were visible and their average size at
autopsy (Table VIII) shows earlier appearance and more rapid growth
corresponding to higher concentration. There is an interesting parallel
between the growth rates of the tumors and the growth rates of trans-
plants of varying amounts of tumor tissue. Comparatively small trans-
plants (0.01 to 0.001 ml.) are delayed in appearance, markedly retarded
in development, and inclined toward early necrosis of the central por-
tion. If the DV tumors were the result of a specific tumor agent, in-
fection was analagous to implantation in that a certain number of cells
in the area of injection were transformed to malignant cells. A possi-
ble explanation of the slow growth of groups 2 and 3is this: The lower
concentration of tumor egg material in each injection resulted in the
infection of a smaller number of cells producing a condition compar-
able to a small implant. All the tumors, were of the same grade of malig-
nancy since transplants of tumors from the three groups had approxi-
mately the same growth rates.

While the gross morphology of the twenty tumors yaried consider-
ably reflecting differences in growth and development, the histology did
not. Sections of all twenty of the tumors would be recognized as mem-
bers of one general type. As compared with the donor tumor the DY-
NDY series (Table VIII) exhibits the following cytological differences:
greater average cell size, tissue origin other than mammary epithelium,
presence of giant cells in most of the tumors, and more severe mitotic
aberrations (Figs. 3 to 9). The DY-NDY tumors do not resemble the
donor in general pattern; they lack the characteristic connective tissue
enclosed masses of epithelial cells (Figs. 3, 4, 5, and 6).

Representative tumors from each group were transplanted, in all,
eleven of the twenty. None of the eleven failed to grow as readily as
transplants of the donor tumor. Both primary tumors and transplants,
if allowed to grow to a gram or more, exhibited a mucoid quality which
was not observed to any comparable degree in the original mammary
carcinoma.

Previous to the successful injections, the tumor desiccate from this
batch of eggs had been injected into four mice, the yolk into four mice,
and the mixture of the two into fourteen without positive results (Table
IX). The group of fourteen was injected only a week before the group
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which gave positive results, and some of the fourteen were litter mates
of the mice which developed tumors. Desiccate 21D was used in fif-
teen experiments (Table IX) subsequent to the successful one, and at-
tempts were made to duplicate the successful procedure in every way
possible. The only results Were hyperplasia and transitory growths. The
growths appeared usually about twelve days after injection and then
regressed after irregular intervals.

TABLE IX
Injections of Desiccates of Materials from Egg Experiment 21 (Dried 11/30/43)

Dates
injected No. mice No. injection
(1944) injected expts. Results

1/27 8 4
2/29 2 1
3/15 14 1

The inconsistency of the tumor-producing property of this desiccate
has not been accounted for. The preparation for injection has been dupli-
cated in every known detail and, if the difference in results is attrib-
uted to a difference in this segment of the experiment, the only possi-
bility remaining is that some unknown contaminant activated the tumor
agent in the successful experiment. If the differentiating circumstance
is assumed to be in the mice, the only conditions which seem to apply
are those such as temperature which are varied by the time of day or
the season of the year. The problem is still under investigation.

EXPERIMENTS WITH NON-MALIGNANT GROWTHS PRODUCED BY THE
INJECTION OF DRIED EGG MATERIALS

It has been recorded previously that the injection of some egg tumor
materials produced non-malignant growths in the mouse which attained
varying sizes and endured for a few days to a month or more. Experi-
ments with these growths disclosed that they were capable of serial
transplantation at least as far as the fifth generation. The growths re-
sulting from the implant experiments did not differ from those from
which the transplant material was obtained. Table X summarizes work
done on females with these non-malignant hyperplasias. It includes six
series, five of which showed some positive response to the first trans-
plant. Two series were begun with males, one of which took on the
first transplant.

i/22
y/17
i/4
¡79
¡/1.5
¡/16
;./i7
1/19
i/20
i/24
i/31
i/5
i/23

27
3
3
3
5
2
4
8
4

12
8v
9
4

1
1
1
1
1
1
1
1
1
3
2
1
1

20 tumors
1 growth
3 growths
1 growth
2 growths
1 growth
3 growths
2 growths
1 growth
8 growths
2 growths
2 growths
1 growth
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TABLE X

Results of Transplantations of Non-malignant Growths Produced by Dried Materials

AverageDuration
of growths

Transplantno. No. mice injected No. takes ... (days)
1 . 25 , 17 18
2 9* 8 36
3 16 15 22
4 8 7 38
5 8 :..-■■ , 5 17

*One' developed malignant tumor. See text, page 26.

In one instance the second transplant of these growths resulted in a
malignant tumor. This experiment was carried out as follows: Lyophil-
ized yolk (Experiment 14, Table VI) from three eggs bearing yolk sac
tumors [dba mammary carcinoma 2 (10)] ranging from 1.9 to 3.4 gm.
was diluted with saline, centrifuged, and sediment injected subder-
mally into four female mice. Non-malignant growths which consisted
of connective tissue, epithelial elements, and polymorphic leucocytes oc-
curred at the site of injection. These growths were dissected out, ground
with alundum, and a saline extract injected into three female and two
male mice. The same growth response resulted. Transplantation by sim-
ilar treatment into three females resulted in two benign. hyperplasias
and one malignant tumor. The histological structure of this neoplasm
appeared similar to that of the twenty tumors previously described after
the twelfth transplant (Fig. 10). The first eight transplants contained
malignant cells of mammary epithelial origin in addition to the non-
mammary tissue. This tumor has now been carried through 25 serial
transplants.

DISCUSSION

We began this research with the tentative hypothesis that the imme-
diate causé of mammalian tumors was of the same nature as that dem-
onstrated for the Rous and other fowl neoplasms. More than a year of
work elapsed before anything in our data supported this concept. Dur-
ing that time numerous experiments requiring the use of more than 300
mice were completed, and in the same period a new method of approach,
the yolk sac technique of growing tumor tissue, was discovered and per-
fected. Since those first experiments we have obtained positive results
which we believe establish the presence in mouse mammary carcinoma
of a specific tumor agent. It has been of very great importance for our
future research to check with special care the data on which this con-
clusion is based, and to consider every objection offered by others. Hav-
ing done this, we consider the 29 malignant tumors (Table XI) obtained
with materials known to be cell free to represent the action of a virus-

like tumor-prota^ analogous to the filterable agent responsi-
ble for the development of the Rous sarcoma.
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TABLE XI

Summary of Results from Injections of Materials from Tumor-bearing Eggs

No. 9 mice No. $ mice No. .No. positive No.
Material injected injected expts. expts. tumors

Berkefeld " filtrates 1- 214 68 76 2 , 7
Desiccates 2,96 9 : 85 2 21
Intermediate liquid 57 19 22 1 4
Lipoid - ..._....:,......,..,. 23, 12 10 7 19
Non-malignant

growths ...._:.:....„._ 66 25 8 1 1

The immediate problem before us now is to discover repeatable pro-
cedures for the demonstration of the mouse tumor agent. When this is
accomplished it will be possible to learn something about its nature and
perhaps to use such information in the extension of the work to other
mammalian cancers. As it is, the establishment of the specific etiology
of even one mammalian tumor would have far-reaching implications for
cancer research.

Even with the limited data at our disposal, it is possible to say some-
thing about the nature of the agent we are concerned with. It will pass
through an N, size Berkefeld filter and withstands "lyophilization." It
can be preserved in dried material at ordinary refrigerator tempera-
tures for at least 113 days. Apparently it is capable of being changed
by the manipulation incident to desiccation. Tumors produced by the
Berkefeld filtrates, it will be recalled, very closely resemble the donor
mammary cancer, .but the tumors produced in the most successful ex-
periment involving dried material were not derived from mammary epi-
thelium. In another paper of this publication (11) it was demonstrated
that when the mouse tumor agent was placed in an alien environment,
the anterior chamber of the rat's eye, it was capable of inducing the
development of a malignant growth in rat tissue, indicating a marked
transformation in the character of the tumor virus. These characteris-
tics, limited as they are, conform to those which have been found to be
associated with many viruses, (12).

The results given in Tables I to XI are mainly a record of our efforts
to work out a repeatable procedure for the demonstration of the tumor
virus. So far, we have not been successful in, obtaining this objective,
nor have our results given us much in the way of guidance for future
work on this problem. This fact is not unusually discouraging since
workers in the virus field have always encountered considerable diffi-
culty in working out methods for the consistent demonstration of the
particular virus under consideration. It has been found that, in gen-
eral, each virus requires very special treatment and certain specific con-
ditions are necessary for its separation in a viable form from infected
tissue. Often very slight variations in technique will lower the concen-
tration or completely eliminate active virus from the final extract.

We are not in a position to do much more than speculate on the
reasons for our failure to date to work out a method for the consistent
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demonstration of the mouse tumor agent. Nevertheless, there may be
some value in discussing briefly some of the possibilities which have
occurred to us as having some importance in the solution of the prob-
lem. Consideration of the various possible explanations has value only

to the extent that new lines of attack may be indicated and that use-
less repetitions may be avoided.

Up to the present the available data are concerned with the action of
individual factors, and in some instances it is apparent that the incon-
sistency encountered is not, for example, simply a matter of egg tumor
size or the age at which the mouse receives the injection.. It is possi-
ble that some one factor may be discovered, the control of which may
provide us with repeatable procedures, but it is also possible that the
solution lies in the combined action of many elements.

We can only infer the conditions which influence the suitability of
the egg for the preservation of the tumor agent in a viable form. One
factor which may be of significance in this connection is the possible
presence in the egg of antiviral antibodies. Studies on the Shope papil-
loma and the Rous sarcoma indicate that, as these tumors grow in the
host animal, there isa parallel release into the blood of tumor virus,
and this stimulates the production of antibodies which neutralize all
the virus not contained in the tumor cells (13). It can be assumed that
the same principles apply to the mouse mammary carcinoma and that
this accounts for the fact that cell-free extracts of cancer tissue taken
directly from the mouse do riot induce tumor development. Tumor im-
plants into the yolk sac would on this basis contain along with the
cancer tissue a certain concentration of antiviral antibodies. However,
since the chick apparently is incapable of developing an immunity re-
action, at during the first seventeen days of development (14),
there should be no addition to the neutralizing bodies introduced at
the time of inoculation unless the mouse antibodies are able to undergo
independent growth in the egg. As the tumor grows within the yolk
sac, there is a constant release of tumor, agent into the egg environ-
ment. This should result in the neutralization of the relatively small
amount of antibody originally introduced into the egg and, if mouse
antiviral antibodies do not multiply, most of the virus produced should
be free of this type of inhibiting influence. The positive results obtained
with Berkefeld filtrates and dried materials indicate that, if antibodies
are concerned in masking the presence of the tumor agent, they are
not always present.

The concentration of the tumor agent in the egg may also be con-
ditioned by the reaction of the chick to the presence of the mouse neo-
plasm. It has been noted that there is considerable variability in the
effect of the yolk sac tumor on the embryo. Some chicks of tumor-bear-
ing eggs possess livers characterized by hemorrhagic areas and vary-
ing degrees of necrosis (15). Since i;he liver seems to be concerned with
detoxification, this reaction may be associated w*ith the destruction or
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deactivation of the tumor agent. If this were true, then the tumor agent
would be present in a viable condition only in eggs the embryos of which
had lost the capacity to react in this manner. It could be that the active
virus is obtainable only in the short period between the exhaustion of
the liver's ability to neutralize the tumor agent and the death of the
embryo. On this basis excessive liver damage in the embryo would be
an indicator of the probability of the presence of free tumor agent. The
idea will be tested by experiment.

The difficulty may not be in the egg material, but may arise because
of some factors which are effective during the preparation of the ma-
terial for injection. In order to remove all possibility of cells from the
egg extracts, a certain amount of manipulation is necessary. The ma-
terial must either be filtered or dried, and in carrying out these oper-
ations it is possible that the tumor agent could be destroyed or reversi-
bly inactivated. We have done some experiments on the effect of tem-
perature on Berkefeld filtrates and have considered the possibility that
oxidation might be of importance. As yet we are unable to come to
any definite conclusions about these and similar factors other than to
state that they do not appear to be crucial by themselves. Tumors have
been obtained with material which had been incubated for 4 hours at
38°, and we have obtained positive results with filtrates prepared at
room temperature without any precautions against oxidation. On the
other hand we have had the idea that by certain methods of prepara-
tion of the egg materials it might be possible to free the virus from
inhibiting materials or in some way to reactivate extracts which other-
wise would be non-effective. Experiments of this type are recorded in
the previous section. We have considered in this connection the effect
of incubation, the use of solutions of different osmotic pressures, buf-
fered solutions,*and a few studies have been made on the effect of enzy«
matic action iii vitro. This line of attack is continuing. ,

Finally there is the possibility that the mice which received the in-
jection may react differently at different times. This was indicated by
the experiments with the lot of dried material which in one instance
gave 20 tumors out of 27 injections. As far as we have been able to
determine, the non-effective and the effective injections with this des-
iccate were prepared and given under the same conditions and to the
same stock mice. The time lapse between the injections which produced
the tumors and the subsequent injection which failed to produce re-
sults was one week. It is difficult to understand how the dried mate-
rial could have changed in such a short time. It would seem that
the mice in this instance constituted the more variable factor, and that
they may have been responsible for the inconsistent results. Whatever
the change was which made the animals refractory to the tumor agent,
it must have been one which affected all the mice in the group, For ex-
ample, the state of oestrous could not be the reason since there were
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enough animals in each instance to make it very unlikely that all of
them would be in a refractory state at one time. We have considered
the possibility that a sudden drop in temperature at about the time the
mice were injected might have influenced the results, since the subder-
mal temperature can be changed temporarily at least by some condi-
tions. The heating system in our animal room is such that variations
of as much as seven degrees may occur as the result of a "norther"
and the consequent sudden decrease in outside temperature to below
freezing.

We have mentioned only a few of the factors which may be of im-
portance in working out a technique for the regular demonstration of
the tumor virus, but enough has been said to indicate something of the
scope of the task before. us. We are assured of the presence of the
tumor virus in the material we are working with and are confident
that the next step, the direct study of the agent itself, will not be un-
duly delayed.

SUMMARY
The yolk sac method of growing tumor tissue was utilized for demon-

strating the presence in mouse mammary carcinoma of a virus-like
tumor agent.

A total of 193 experiments involving more than 700 mice were used
in the study. Of these 76 experiments were made with Berkefeld fil-
trates, 85 experiments involved the use of "lyophilized" egg substance,
and 22 experiments were made with egg solutions cleared of cells by
centrifugation. Altogether 28 malignant tumors involving 4 experiments
were produced with cell-free extracts of tumor-bearing eggs. ¡ Although
positive results were obtained in. relatively few experiments, the cir-
cumstances were such that the action of a specific tumor agent was
definitely indicated. .

The attempts to work out repeatable procedures for the demonstra-
tion of the tumor agent have so far proved unsuccessful. Some of the
factors which may be concerned with this lack of consistency are con-
sidered in the discussion. The problem is complicated by the fact that
variability from experiment to experiment may occur in the egg as a
result of conditions affecting the egg, the manipulation of the egg ma-
terials in preparation for injection, or the difficulty may be related to
variables which exist in the animals receiving the injections.
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Fig. 1. Dba Mammary Carcinoma 1 (x 990).
Fig. 2. Tumor Produced by Berkefeld Filtrate of Yolk from Eggs Bearing dba

Mammary Carcinoma 1 (X 990).

Fig. 3. Dba Mammary Carcinoma 3 (x 990).
Fig. 4. First Implant of NDY V, a Tumor Produced by a Desiccate of Yolk and Yolk

Sac Tumor from Eggs Bearing- dba Mammary Carcinoma 3 (X 990).



Fig. 5. Dba Mammary Carcinoma 3 (X 1600).
Fig-. 6. Third Implant of DV 111, a Tumor Produced by a Desiccate

of Yolk and Yolk Sac Tumor from Eggs Bearing dba Mam-
mary Carcinoma 3 (X 1600).



Figs. 7, 8. NDY XII, a Tumor Produced by a Desiccate of Yolk
and Yolk Sac Tumor from Eggs Bearing dba Mammary Car-
cinoma 3 (X 1600).



Fig. 9. Second Implant of NDY 111, a Tumor Produced by a Desic-
cate of Yolk and Yolk Sac Tumor from Eggs Bearing dba
Mammary Carcinoma 3 (X 1600).

Fig. 10. Sixteenth Implant of DV 11, a Tumor Which Developed
in a Transplant of Non-malignant Growths Produced by Dried
Materials from Eggs Bearing dba Mammary Carcinoma 2
(X 1600).



EVIDENCE FOR A CANCER VIRUS USING INTRAOCULAR
IMPLANTS OF MOUSE TUMOR IN RATS

By

)

Alfred Taylor and Adele Kynette

The anterior chamber of the rat's eye has been used for the propa-
gation of viruses, and it has been proposed as being especially useful
for the initial demonstration of these pathogenic agents (1). In view
of this and the difficulties encountered in the use of egg material for
the demonstration of the tumor agent in mouse carcinoma (2), it was
considered that the intraocular implantation technique might prove to
be another means of approach to the problem.

It was known from the work of Green and others that the anterior
chamber of the eye had proved suitable for the growth of heterologous
tumor tissue (3). This location provides adequate vaseularization, but
the usual immunity response fails to occur. In the previous work in this
field intraocular implants were generally taken from species far removed
genetically from the host receiving the tissue. It was considered that
transplants of a tumor containing a virus-like tumor agent into the
anterior chamber of a closely related animal species would-have inter-
esting possibilities.

MATERIALS AND METHODS
The rats used in this research were of the Wistar Institute albino

strain and have been bred in our animal room for three and a half
years. A total of 95 animals were utilized including both sexes and rep-
resentatives of various age groups. Experimental rats were maintained
on a stock ration of Purina chow.

Tumor material for eye inoculations was taken mainly from mouse
implants of dba mammary carcinoma 1 (4). In two experiments dba
mammary carcinoma 2 (5) was used, and in three experiments tissue
was provided by tumor DYn (2). All tumor tissue was taken from
thirteen- to nineteen-day old transplants in mice with one exception.
In experiment eleven, four males were implanted with egg-grown dba
mammary carcinoma 1. The mouse tumor tissue was homogenized by
passage through a 10 ml. syringe containing metal screens of suitable
mesh and glass beads (6). In a few instances the material was diluted
with saline, but the majority of the implantations were made with un-
diluted tissue.

As a rule each rat received 0.01 to 0.03 ml.« of tumor tissue, but in
some experiments only a trace was injected. In the initial experiments
material was injected into the eye by means of a short bevel 22- or 20-
--gauge hypodermic needle. Later it was found that the tumor tissue
when properly prepared would pass readily through a 26-gauge needle
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and these smaller needles proved to be more satisfactory. All inocula-
tions were done under ether anesthesia.

The anterior chamber is normally taut with its contained liquid, and
it is necessary for some of the aqueous humor to be displaced when
tumor is implanted. Various methods were used during the course of
these experiments for making the implants, all of which utilized hypo-
dermic injection. In some of our earlier experiments a slit was made
in the anterior chamber by, means of small scissors or by use of a 20-
-gauge hypodermic needle. A blunt 20-gauge needle was inserted in the
opening and the tumor tissue forced through it into the anterior cham-
ber. Another method was to make two punctures opposite each other.
Tumor tissue was injected through one puncture, and the displaced
aqueous humor passed out through the other opening. In this way it
was possible nearly to fill the anterior chamber with tumor tissue.

The technique which has proved most suitable for injections up to
0.02.m1. was the use of a 26-gauge needle with a Shick point, and direct
insertion and implantation into the anterior chamber. Excess eye liquid
was forced out around the needle.

In some instances the inoculated eye was removed after tumor growth
was observed. The rat was given ether anesthesia. The orbit of the eye
was extended by incisions in the corners of the eyelids; the eye, muscles
were transected with fine scissors; and the eyeball lifted out with forcepts.
Bleeding was slight and recovery rapid.

'Tissue from the inoculated eyes was prepared for histológica! study
by fixation in Bouin's fluid and the use of iron hemotoxylin stains for
the sectioned material.

RESULTS

The results are summarized in Table I. In the 95 animals seven
malignant tumors and five benign growths developed. A growth either
malignant or benign in nature occurred in six of the thirteen experi-
ments, and these six are discussed separately in the following section.

Individual experiments.—Experiment 1: Five female rats were given
intraocular injections of mouse tumor DYn. After fifty-three days rat 1
was autopsied because of abdominal distension and lowered blood hemo-
globin concentration. Examination of the visceral cavity disclosed a
large (9 gm.) infiltrating tumor mass located chiefly in the liver and
the spleen with deposits in the mesenteries and ovaries. The lungs were
filled with the tumor along the distal edges of each lobe. The spleen
was greatly enlarged and almost completely transformed into a whitish
tumorous growth. The liver contained numerous firm whitish lumps.
An attempt to maintain this tumor by transplantation was unsuccess-
ful. A study of the histology revealed a tissue which was not readily
classified. Mitotic activity was moderate. The chief characteristic was
a tendency for the chromatin material of the nucleus to become con-
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densed into bodies resembling aberrant chromosomes. We have listed
this tumor as a benign growth.

Experiment 3: Six female rats received intraocular implants of dba
mammary carcinoma 2. All were autopsied after a lapse of 77 days.
Rat 1 of the group had an 8.5 gm. tumor situated in the intestine near
its juncture with the cecum. The tumor tissue was soft and greyish.
Intramuscular transplants into other rats failed to grow. Histological
sections disclosed a fast growing carcinoma which was derived from the
cells of the intestinal mucosa. Rat 2 had a malignant growth about 1
gm. in weight which was similarly located and appeared to be identical
in all respects with the growth in rat 1.

Experiment 4: Eleven female rats received intraocular implants of
dba mammary carcinoma 1. Rat 1 after a lapse of 24 days had a 1
gm. tumor growing at the site of injection (Fig. 7). This growth was
removed under ether anesthesia. Four days later a rapidly growing
tumor enveloped the submaxillary gland on the same side as the affected
eye. Autopsy disclosed tumor tissue in the lungs and in the orbital
cavity. Histological sections disclosed the primary tumor in the eye and
the recurrence to be a carcinoma quite different from that implanted
(Fig. 5). The tumors in the submaxillary gland and lungs were metas-
tases of the eye cancer (Figs. 11 and 12). The submaxillary metastasis
was successfully transplanted into rats but failed to grow in mice.

Rat 2 was operated on 24 days after intraocular implantation and a
1 gm. tumor was removed from the eye. This upon sectioning was found
to be identical in appearance with the eye tumor which grew in rat 1
(Fig. 9). Nine days after the removal of the eye the rat was autopsied.
Tumor tissue was evident in the eye socket. A 3 gm. tumor was found
in the submaxillary gland (Fig. 6) and this grew in rat and egg trans-
plants but not in mice. There was a benign growth in the uterus.

In rat 3 the injected eye contained a large tumor 29 days after im-
plantation. The eye was removed under ether anesthesia, but the rat
failed to recover from the operation. Sections of the tumor revealed it
to be identical in morphology with the eye tumors of rats 1 and 2 (Fig. 10).

The injected eye, which had atrophied, was removed 33 days after
implantation from rat 6. The rat recovered uneventfully and was found
negative at autopsy at 105 days.

Rat 4 was autopsied at 68 days and a tumor-like growth was found
to envelope the distal third of the right horn of the uterus. Rat 5, when
examined at autopsy 105 days after eye implantation, had a benign
growth consisting of polymorphic leucocytes and connective tissue in
one lobe of the lungs.

Experiment 5: Seven female rats were implanted intraocularly with
dba mammary carcinoma 2. Rat 1 of this group was autopsied after a
lapse of 22 days. The oviduct contained a non-malignant growth. The
liver was abnormal in appearance and enlarged,
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The inoculated eye was removed from rat 2 at 25 days. The eye had
atrophied, and the operation had no observable effects.

Experiment 6: Two mature and four young females, eight mature
and four young male rats were implanted with dba mammary carcinoma 1.
All the animals showed growth of the implanted mouse tumor tissue.
At twelve days some of the eye tumors had begun to regress, but five
were still vascularized and increasing in size. The tumor-bearing eyes
were removed from two of the five showing vigorous growth (rats 3
and 11), and the tumors of the other three (rats 5, 16, and 17) were
allowed to take their course. Eyes were removed from two rats bear-
ing apparently regressing tumors (rats 4 and 15). Sections of the eye
tissue taken from rat 3 showed a carcinoma identical to the primary
eye tumors described in connection with experiment 4 (Fig. 8). The other
eyes contained mouse tumor or none at all. The implants in the eyes of
the unoperated rats regressed after varying periods of proliferation.

Experiment 12: Twelve mature females were given intraocular im-
plants of dba mammary carcinoma 1. This experiment was designed to
test the effects of the amount injected and of the degree of laceration
on the response of the eye to the tumor tissue. These factors did not
prove to be of any significance in so far as this series of injections was
concerned (Table I).

After a lapse of 121 days the animals were autopsied and one rat
had a 6 gm. tumor at the junction of the small intestine and the cecum.
Grossly, this tumor was identical to those described in experiment 3,
but the histology disclosed it to be of different tissue origin. Giant cells
and mitotic aberrations were present.

The groivth of mouse tumor in the rat's eye.—Mouse tumor tissue
grown in the rat's eye was histologically identical to that grown in the
mouse. The degree of mitotic activity, the configuration of the cells, and
the general pattern were unaffected (Figs. 1, 2, 3, and 4).

The mouse tumor implants in the anterior chamber of the rat under-
went varying periods of growth. In five to ten days proliferation was
usually indicated Iby an increase in size and vascularization of the in-
oculated eye. There was much variation in this respect in different ex-
periments, Sometimes the eyes became distended to twice their normal
size and rupture of the surface of the cornea would occur with some
bleeding. In other instances the rats of an experiment inoculated in
about the same manner with mouse tumor tissue showed only limited
growth of the eye implant.

None of the mouse tumor implants to date have persisted. Where
vigorous growth occurred, it seemed to reach a peak in eight to fifteen
days and then it ,was always followed by regression. Atrophy and the
apparent destruction of tumor tissue of mouse origin was complete in
25 to 45 days.

Sections of regressing eye tumors (rats 4 and 15) from experiment
6 removed at twelve days showed remnants of necrotic mouse tumor in
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one instance and unidentifiable cell fragments in the other. Sections of
an apparently growing eye tumor removed at the same time from the
same experiment (rat II1) revealed healthy mouse tumor tissue (Figs. 2
and 4). Sections of the eyes removed at eleven days (experiment 7)
showed disintegrating mouse tumor tissue in rat 1 and healthy mouse
tumor in rat 2. Atrophied eyes were sectioned at 85 days (experiment
13) and were found to contain no live tissue.

Following the regression of the mouse tumor tissue in the anterior
chamber, the eye usually atrophied, sometimes to less than a quarter
of the normal volume. Of three rats intraocularly implanted with
normal mouse brain tissue, one underwent severe atrophy comparable
to that associated with tumor intraocular implants. Saline was injected
into the anterior chambers of three rats with no observable effect.

The histology of the tumors originating in the rat's eye.—The eye
tumors which developedin rats 1, 2, and 3 of experiment 4 and rat 4
of experiment 6 differed histologically from the mouse tumor which was
implanted. The two tumor types can be differentiated on the basis of
cell size, compactness and size of chromosomes during mitosis, the size
and number of nucleoli, and the general pattern of the tumor tissue. As
compared with the implanted mouse tissue, the cells of the new tumors
are distinctly larger. One of the most notable differences between the
two tumors is the degree of compactness of the chromosomes. The chro-
mosomes of the induced eye tumors are much more loosely associated.
Painter has pointed out that in the rat cell there are two pairs of chro-
mosomes which are almost double the size of the next largest pair (7).
In the mouse cell, on the other hand, there is very little difference in
chromosome size. Examination of our slides Of the tumors induced in
the rat's eyes shows these extra large chromosomes very clearly.

Observation of Figures 5 and 6 will show the striking contrast in the
nucleoli size and distribution in the two tumors. This feature alone
makes identification of the two types of cancer very easy. It will be
noted that the nucleoli of the cells of the mouse tumor implant tend to
be smaller and to average about four per nucleus.. On the other hand,
the nucleoli of the cells of the rat eye tumor are larger and more irreg-
ular in size, and there are fewer of them. From the standpoint of gen-
eral pattern, the new tumor lacks the cell grouping characteristic of
the mouse mammary carcinoma (Figs. 5 through 12).

The transplantability of the tumors-originating in the rat's eye.—lm-
plants were taken directly from the submaxillary metastasis which de-
veloped in rat 2 of experiment 4 and were inoculated into two rats
and two dba mice. There was no growth in the mice, but a rapid devel-
opment of tumor tissue occurred in the rats. This was propagated serially
through several generations of rats.

The submaxillary metastasis which developed in rat 1 of experiment
4 was transplanted into 24 developing eggs, where it grew readily, the
average yolk sac tumor size being 1.2 gm. after thirteen days in the egg.
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A very dilute suspension of the submaxillary tumor was implanted into
two rats and two dba mice. Delayed growth occurred in one of the rats
but in neither of the mice.

Tissue from the egg culture was transplanted into both rats and dba
mice with ready tumor production in the rats but negative results in
the mice.

On the basis of per cent takes and growth rate in our rats the grade
of malignancy of the rat eye tumors was about that of the rat tumor,
Walker 256. Intramuscular implants of 0.05 ml. of tissue produced 6 to
10 gm. tumors in nine to fourteen days.

DISCUSSION
The data make it difficult to accept any conclusion alternative to the

assumption that the four tumors produced in the anterior chamber of
the rat's eye were of rat tissue origin. Histological sections have the
characteristics of rat tissue and are easily distinguished from the orig-
inal mouse tumor. Since mouse tissue does grow and regress in the rat's
eye without losing its usual microscopic appearance, it seems justifiable
to differentiate these eye tumors from mouse tumors on the basis of
cell size and arrangement, the number of nucleoli, and the general con-
figuration of the chromosomes. In addition, since the chromosomes of
mouse cells differ very little in length, the presence in the cells of the
induced eye tumors of two pairs of chromosomes twice the length of the
other pairs is of particular significance.

The transplantability of the eye tumors was also evidence of their
origin from rat cells. The tumors which were found in rats 1 and 2 of
experiment 4 were both carried over a period of months through sev-
eral generations of rats, and both tumors were successfully cultured in
developing eggs. Implants were made in mice using tissue from the rats
of the original experiment and from eggs, but no growth was observed.

Metastasis is not a phenomenon ordinarily associated with heterolo-
gous intraocular implants, and rapidly growing metastases were found
in two of the four rats which bore primary eye tumors. From the com-
bined indications of the presence of metastases, histological differences,
and transplantability, we have concluded that the four eye tumors orig-
inated from rat tissue cells.

That these eye tumors were of spontaneous origin seems a remote
possibility since the histology of the four primary eye tumors was iden-
tical and each developed within three weeks of the inoculation of the
mouse tumor tissue. In addition, tumors of this type are rare in the
albino stock.

The production of tumors arising from rat cells by the implantation
of mouse tumor material in the'anterior chamber of the eye suggests
that a non-cellular tumor agent present in the cancer has infected the
rat cells and caused them to become malignant. This idea indicates a
change in the agent from a mouse tissue specific form into a form capa-
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ble of inducing tumors in rats, Work with other viruses has demon-
strated that these entities tend to change when placed in a foreign en-
vironment. It is quite in accord with the nature of this type of infec-
tious agent, for passage through the anterior chamber of the rat's eye
to result in a transformation which would enable the tumor agent to
infect rat cells. Duran-Reynals has shown that the Rous tumor virus is
able to transform into a type which induces malignant neoplasms in
ducks and other fowls (8).

If the assumption that the eye tumors were produced by a changed
mouse tumor agent is correct, it represents an extension of the virus
concept to include a fast growing, highly malignant rat carcinoma. This
interpretation lends special support to the conclusion given in another
paper of this bulletin that mouse mammary carcinoma contains a spe-
cific tumor agent (5) and, further, supports the general hypothesis that
tumors are the result of virus action.

It is interesting to note that we have encountered the same difficulty
with regard to repeatability of the production of rat tumors by the
eye implantation technique as was experienced with egg preparations
in our mouse work (2). Here again, a possible seasonal or temperature
factor may be involved. The intraocular technique includes many less
variables than the yolk sac inoculation method. Untreated tumor tissue
was taken directly from implants grown in mice and placed in the an-
terior chamber of the rat's eye. This procedure would, it appears, be
easy to duplicate, but again, as with the yolk sac approach, we are
forced to consider the possibility that the animals receiving the injec-
tions are the critical factor in the inconsistency of our results.

The origin of the three malignant tumors which developed in the
mucosa of the intestine of the experimental rats, is uncertain. In some
rat colonies tumors of this type have occurred spontaneously, so that a
large number of control animals from our colony would be required to
decide definitely the status of these tumors. In the three and a half
years our rat colony has been maintained no malignant tumors have
been found in the digestive tracts of any untreated rats. Nearly all the
rats used for breeding have been autopsied at the end of their produc-
tivity, and the total examined is in the neighborhood of 200 for the
three-year period.

SUMMARY

Implants of the dba mouse mammary carcinoma were made into the
anterior chamber of the eye in 95 rats of the albino strain. The ma-
jority of the implanted eyes became enlarged and vascularized in 5 to
10 days and had atrophied by 25 to 45 days, indicating a transitory pro-
liferation of mouse tissue. In no instance was there a persisting growth
of mouse tumor tissue". Histológica! sections disclose no difference in
the appearance of the mouse tumor tissue initially grown in the eye as
compared with transplants grown in the mouse.
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Four rats from, two experimental groups implanted intraocularly with
mouse tumor tissue developed a different type of tumor at the site of
injection. One rat had a 0.25 gm. tumor twelve days subsequent to eye
inoculation; one rat bore a 0.75 gm. tumor 29 days subsequent to eye
inoculation; two rats bore 1.0 gm. tumors in the eyes 24 days subse-
quent to the injection of the anterior chamber with mouse tissue.

Metastases were found in two of these rats subsequent to the removal
of the tumorous eyes. In one animal autopsied four days after the oper-
ation a 3 gm. ;tumor was found in the submaxillary gland and small tumor
deposits in the lungs. The second animal bore a 3 gm. metastatic tumor
in the submaxillary gland nine days after the operation. Histological
sections indicated these tumors to be of the same type as the primary
tumors.

The tumors originating in the rat eyes could be differentiated micro-
scopically from mouse tumor tissue by general pattern, cell size, num-
ber . and size of nucleoli, chromosome grouping, and the presence of
chromosome pairs characteristic of the rat.

The submaxillary metastases of the eye tumors were transplantable
in rats and eggs, but not in mice.

The eye tumors were of rat tissue origin and the assumption seems
warranted that they were the result of the mouse mammary carcinoma
implanted. Further, since the tumors originated from rat tissue, the
stimulating agent seems to have been a non-cellular product of the mouse
tumor. The explanation proposed is that the rat tumors were the result
of a virus-like entity contained in mouse tumor tissue which was able
to change sufficiently under the stimulus of an alien environment to in-
fect the cells of the closely related rat species.
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Fig. 1. Dba Mammary Carcinoma 1. Mouse Transplant
(X 230).

Fig. 2. Dba Mammary Carcinoma 1. 0.3 gm. Tumor from
Anterior Chamber of Eye of Young Female Rat 12 Days
After Implantation. (Rat 11, Expt. 6) (X 230).



Fig-. 3. Dba Mammary Carcinoma 1. Mouse Transplant (X 990).

Fig. 4. Dba Mammary Carcinoma 1. 0.3 gm. Tumor from An-
terior Chamber of Eye of Young Female Rat 12 Days After
Implantation. (Rat 11, Expt. 6) (X 990).



Fig. 5. Dba Mammary Carcinoma 1. Mouse Transplant
(X 1600).

Fig*. 6. 3 gm. Metastasis Found in Region of Submaxillary
Gland 9 Days After Removal of Primary Eye Tumor. (Rat
2, Expt. 4) (X 1600).



Fig. 7. 1.0 gm. Tumor Found in Anterior Chamber of Rat's Eye
24 Days Following Implantation of dba Mammary Carcinoma 1.
(Rat 1, Expt. 4) (X 1600).

Fig. 8. 0.25 gm. Tumor Found in Anterior Chamber of Rat's Eye
12 Days Following Implantation of dba Mammary Carcinoma 1.
(Rat 3, Expt. 6) (X 1600).



Fig. 9. 1.0 gm. Tumor Found in Anterior Chamber of Rat's Eye
24 Days Following Implantation of dba Mammary Carcinoma
1. (Rat 2, Expt. 4) (X 1600).

Fig. 10. 0.75 gm. Tumor Found in Anterior Chamber of Rat's
Eye 29 Days Following Implantation of dba Mammary Car-
cinoma 1. (Rat 3, Expt. 4) (X 1600).



Fig. 11. Metastatic Deposit Found in Lung 4 Days Following
Removal of Primary Eye Tumor. (Rat 1, Expt. 4) (X 1600).

Fig. 12. 3 gm. Metastasis Found in Submaxillary Gland 4 Days
Following Removal of Primary Eye Tumor. (Rat 1, Expt. 4)
(X 1600).



THE VIRUS CONCEPT IN CANCER RESEARCH

By

Alfred Taylor

The history of cancer research presents a story of much effort with
a paucity of results. This is probably due to the intrinsic difficulty
which characterizes the problem. For a long time no special leads in
this quest were evident. Much of the earlier work was scattered and
uncoordinated because no one knew any better method of approach and
yet it seemed urgent that something should be done.

The early data accumulated in the course of cancer research made the
cell autonomy hypothesis inevitable. It was observed that the neoplastic
process was characterized by a continuous and unregulated growth of
the affected tissue. Growth is a phenomenon characteristic of living
materials. It is especially evident in the embryonic stage of develop-
ment and in regenerating tissues. Cancer, according to these early cri-
teria, did not appear to have in it any new element not present in other
living tissues. It seemed to differ mainly in the degree to which cer-
tain qualities common to all living tissues were expressed. That is to
say, cell division was not an abnormal phenomenon but its continuance
without regard to the host organism was a characteristic of tissue which
was designated as tumorous. It was true that cytological examination
of cancer cells disclosed certain chromosomal and other aberrations not
found to any comparable degree in the cells of normal tissues, but these
could be attributed to the unusually rapid growth which characterizes
some tumors or such nuclear aberrations could represent degenerating
cells. It was noted that along with these atypical cells in a section of
cancer tissue there were malignant cells which could not be distinguished
from normal,cells on this basis. All the data obtained by both biologi-
cal and chemical methods of study indicated that the neoplastic process
was basically the result of a change within the cell and that once the
transformation from a normal cell to a cancer cell had occurred, propa-
gation was autonomous.

As work progressed in the cancer field it was found that certain chem-
ical and physical agents were able to incite the development of malig-
nant neoplasms. It was found that numerous chemicals and many phys-
ical conditions were capable of inducing the same type of tumor in the
same tissue or the identical carcinogen could produce similar tumors
from different tissues in different animals. These facts made it appear
that such extrinsic agents served merely to induce a change in the normal
cell which made it assume the characteristics of the neoplastic cell. The
cell then in order to become tumorous did not require a continuously
acting cause but only a transitory stimulus which induced it to assume
the qualities of malignancy.
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The early acceptance of the concept that the cancer process was a
result of transformation entirely within the cell has had a profound
influence on the subsequent research in this field. If cancer tissue rep-
resents the emergence of qualities innate to all cells, then the solution
of this problem necessitated exhaustive biological and biochemical knowl-
edge of cell mechanisms. Since the cause of cancer was buried in the
complexities of living cells it followed. that any information which
could be obtained about the nature of living cells might have a bear-
ing on the understanding of the neoplastic process. Biochemical and
biological studies involving living tissue but which were not specifically
related to cancer itself made up much of our cancer research.

In time the idea that malignant growths were not due to an infec-
tious agent but were the result of the emergence of capacities innate
to the cell became so well established that it was thought of not as a
supposition but rather as a fact. The cancer problem was placed in
something of the same category as histogenesis and growth in general.
This in turn led to a certain amount of pessimism among research work-
ers in the cancer fields. No one is anticipating an early solution to the
problem of histogenesis, for example, and to place the cancer process
in the same category is to remove the possibility of controlling this dis-
ease into the remote future.

While it is true that the concept of cancer as an expression of cell
autonomy satisfies, so far as it goes, most of the data obtained in can-
cer research up to the present, it must be remembered that it is based
entirely on negative evidence. It is accepted as a very general explana-
tion of the cancer process because no alternative idea has gained suffi-
cient status to be recognized. One effect of the almost universal indorse-
ment of this concept has been to direct cancer research in such a man-
ner as to remove the possibility of an alternative explanation. Much
of the work has been done with the object not of proving or disprov-
ing the cell autonomy hypothesis but rather with the idea that the con-
cept was true and the object of the research was to find out how it
could be true. Since cancer was considered to be a cell transformation,
a sort of abnormal histogenesiSj it was useless to look for a continuing
cause other than that which exists in the nature of the cell itself. As
has been said before, advocates of the cell autonomy theory supported
their denial of the existence of a continuously acting cause by the purely
negative evidence that none such had been demonstrated.

There are some data, limited in quantity, which cannot be reconciled
with the cell transformation concept of cancer. Beginning with Rous'
work in 1911, certain tumors in fowls have been shown to be the re-
sult of the reaction of cells to specific tumor viruses (1). These tumor
agents are not at all comparable to the non-specific chemical and phys-
ical carcinogens since they act on specific tissues to produce specific
types of tumor and they effect a transformation of normal cells into
neoplastic cells in a fraction of the time required for the action of the
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ordinary carcinogens. Efforts to discover some such causal mechanism
for mammalian tumors have had very little success. Until very recently
the Shope papilloma, a virus-induced benign tumor occurring in the
skin of rabbits, was the most outstanding- example of a mammalian
neoplasm whose causal mechanism was related to a specific tumor agent.

Some of the papers contained in this bulletin record the efforts which
have been made in our laboratory to link mammalian" malignant growths
with specific tumor agents. Evidence has been obtained which we feel
definitely establishes a virus-like principle as the immediate cause of
the mouse mammary carcinoma and the same causal mechanism has
been demonstrated for at least one rat tumor (2, 3, 4).

That some tumors from both birds and mammals have been shown
to be. due to the action of a specific tumor agent is information of
unusual importance for cancer research. For the first time tumor gene-
sis has been demonstrated to be the result of a specific infectious agent.
We know from these limited instances that it is possible for the reac-
tion of virus and cells to produce continuous proliferation. This could
be the underlying cause for all neoplastic growths. Up to the present
no other causal mechanism has been shown to be associated with the
growth and development of any tumor.

It is interesting to note that where cell destruction occurs no one
ever thinks of considering such a pathology as due to an abnormal ex-
pression of cell capacities. Under such circumstances it is immediately
assumed that some infectious agent is responsible for the condition
and research on such a disease is guided accordingly. However, it is
known that viruses may act to bring about (1) immediate cell destruc-,
tion, (2) transitory hyperplasia followed by cell destruction, or (3)
continuous proliferation, as in the instance of the Rous tumor agent
(5). Further, the same virus may cause cell destruction in one animal
and continuous proliferation of cells in another animal (6).

There are no data in cancer research which would preclude a virus
or a virus-like entity as the immediate cause of the neoplastic process.
The action of the chemical and physical carcinogens could be consid-
ered as facilitating the association of virus and cell. The virus would
become the common denominator for the action of diverse carcinogens
rather than placing the whole cell in this role.

If we can assume cancer to result from a specific infectious agent,
then this disease falls into a category similar to that of many others
which have yielded to persistent research. Cancer research becomes a
problem of working out methods for the demonstration and study of
specific viruses. It is no longer necessary to know why cells divide
or to fathom all the intricacies of living tissue before an understand-
ing of the cancer process is possible. With the changing of the concept
from that of cell autonomy to that of a specific tumor agent we change
from pessimism about the future of cancer research to a feeling that
this is something we can expect to solve in a reasonable period of time.
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The fact that very little progress has been made up to the present
in demonstrating tumors to be due to a specific agent does not mean
that this approach is especially difficult. A survey of the cancer liter-
ature of the past twenty years or more discloses that' only a small
fraction of cancer research workers have done work with the virus
concept in mind.

We feel as a result of our experience with research which has been
based on the virus hypothesis that this approach is a very hopeful one.
It is our belief that as soon as a few mammalian tumors have been
demonstrated to be due to the action of viruses, the direction of re-
search in the cancer field will be reoriented and that numerous work-
ers will adopt as a working hypothesis the idea that the cancer process
in general is the result of specific infectious agents.
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FACTORS AFFECTING THE PROPAGATION OF CANCERS
IN INCUBATING EGGS

By

Roy C. Thompson and Betty Boyd Morgan

In 1942 Taylor and coworkers (1) described a method for growing
cancer tissue in the yolk sac of the developing chick embryo. A later
publication (2) described the method in greater detail. A somewhat
similar procedure was used much earlier by Murphy (3), who suc-
ceeded in growing cancer tissue from the mouse and rat on the chorioal-
lantoic membrane of the chick embryo, and in the embryo itself. In-
terest in the yolk sac method of cancer cultivation was heightened by
the announcement by Taylor (4) of the successful production of a
mammalian tumor with a virus-like principle obtained from eggs in
which a tumor had been grown.

In this study an attempt has been made to determine the effect of
certain factors on the cultivation of yolk sac tumors. The experiments
performed and observations made were in many cases incidental to the
obtaining of materials to be used in the study of the virus-like prin-
ciple previously mentioned. However, in the course of some 90 experi-
ments involving over 2,000 eggs, a considerable number of observa-
tions having a bearing on the cultivation of tumors in the yolk sac
have been accumulated.

EXPERIMENTAL

The methods used for. obtaining tumor tissue, suspending it, and in-
jecting it were those described by Taylor, Hungate, and Taylor (2),
except where these procedures were purposely varied as part of the
experiment. Unless otherwise indicated, all egg injections were made on
the fourth day of incubation and the eggs opened thirteen days later
on the seventeenth day of incubation. Tumors used were the Walker
256 (a transplantable carcinoma-sarcoma of the rat) and a transplant-
able mammary carcinoma of the mouse which arose spontaneously in
this laboratory and is designated "RC."1

Bacterial infection of eggs.—The greatest difficulty encountered in the
growth of tumors in eggs has been the problem of preventing bacterial
infection of the eggs. This difficulty has also been emphasized by work-
ers using this same method in other laboratories (5). The first 40-egg
injection experiments in this study, comprising some 800 eggs, were
performed in a large room with a wooden floor, often occupied by other

iln other portions of this bulletin this tumor is designated as dba mammary

carcinoma 1.
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people at the time of injection. Despite careful sterilization of all equip-

ment, wearing of masks during injection, etc., 20 of these 40 experi-

ments resulted in the loss of all eggs due to bacterial infection. That

the embryos were dead of bacterial infection and not as a result oí tne

toxicity of the tumor tissue injected was indicated by the odor and con-
firmed by the culturing of bacteria from the yolk of the egg.

After this experience, preparation and injection of the tumor tissue
was carried out in a small room which was kept tightly closed during
the experiment. All work was done in a small area previously sterilized
by the use of an ultra-violet sterilizing lamp. Since the institution of
these precautions, only 4 complete experiments out of 50 have been lost
as a result of bacterial infection. This marked reduction in mortality
would seem to point conclusively to air-borne contamination as the chief
cause of the infection.

It is possible of course that the tumor tissue obtained from the rat
or mouse might be infected, and this has been shown to be the case
in a few instances by culturing bacteria directly from the tumor; how-
ever, in most cases such cultures were negative.

Mortality in injected eggs.—Aside from those deaths due to bacterial
infection, a certain number of deaths usually occur during the incuba-
tion period following injection. The embryos in uninjected eggs seldom
die after the first few days of incubation. The number of embryos dy-
ing in injected eggs from causes other than bacterial infection amounted
to about 35 per cent of the total number of eggs injected. About 30 per
cent of these deaths occur in the first five days following injection, 50
per cent during the next five days, and 20 per cent during the next
three days. These percentages will vary widely among different experi-
ments and seem to bear little relationship to the size of tumors which
ultimately grow in the surviving eggs, except that the embryos in eggs
bearing very large tumors (3 to 5 gm.) are very likely to die on the
sixteenth or seventeenth day. As will be pointed out later, the injec-
tion of large amounts of tumor tissue increases the mortality rate some-
what. The fact that most of these deaths occur more than five days
after injection would seem to indicate that they may be due to the pres-
ence of toxic substances present in the tumor tissue injected or lib-
erated by the growing tumor, or perhaps to a cancer virus growing in
the egg.

Technique of injection.—ln order for tumor tissue to grow in the yolk
sac, the injected material must become implanted upon the advancing
edge of the mesodermal layer as it grows around the yolk (6). It seemed
possible that this implantation might be influenced by the forcefulness
with which the tumor suspension was injected, and also by the amount
of agitation to which the egg was subjected following injection. Results
of experiments designed to test these possibilities are summarized in
Tables I and 11. From these results it seems quite evident that forceful
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TABLE I

Effect of Force of Injection on Tumor Size
No. eggs % sur- Wt. of tumors in gm.
injected vival Range AverageExperiment

No. 13 Walker, 0.15 gm./egg
Forcefully inj. eggs turned repeatedly

after inj. 10 60 0.7-3.2 1.82
Slowly inj. eggs turned repeatedly after

inj. — . 11 73 0.5-2.6 1.29
No. 68 Walker, .0.08 gm./egg

Forcefully inj. eggs turned once immedi-
ately after inj. .. _ - 8 63 0.5-1.0 0.80

Slowly inj. eggs not turned immediately
following inj. « 8 63 0.0-1.6 0.92

No. 70 RC, 0.01 gm./egg
Forcefully inj. eggs turned once immedi-

ately after inj. ....'...il .' 10 70 0.2-2.0 0.71
Slowly inj. eggs not turned immediately

following inj. 9 67 0.0-0.7 0.22
No. 80 RC, 0.05 gm./egg

Forcefully inj. eggs not turned for 72 hr. -
Slowly inj. eggs not turned for 72 hr.

11 55 0.3-2.4 1.20
10 70 0.0-1.3 0.64

No. 81 Walker, 0.1 gm./egg
Forcefully inj. eggs not turned for 72 hr..-
Slowly inj. eggs not turned for 72 hr—

9 67 0.4-2.4 0.95
9 89 0.0-0.7 0.24

TABLE II

Effect of Rotation of Eggs on Tumor Size

No. eggs % sur- Wt. of tumors in gm.
injected vival Range AverageExperiment

No. 5 Walker, 0.1 gm./egg
Turnedrepeatedly following forceful inj.-
Not turned for 48 hr. following forceful

inj. .;

9 89 0.1-2.7 1.50

12 42 0.2-1.6 0.71
No. 68 Walker, 0.08 gm./egg

Turned.once immediately following force-
ful inj. . „„: .. 8 63 0.5-1.0 0.80

8 63 0.0-1.6 0.92Not turned immediately following slowinj.
No. 70 RC, 0.01 gm./egg

Turned once immediately following force-
ful inj. 10 70 0.2-2.0 0.71

9 67 0.0-0.7 0.22Not turned immediatelyfollowing slowinj.
No. 80 RC, 0.05 gm./egg

Turned repeatedly following slow inj
Not turned for 72 hr. following slow inj—

10 70 0.1-2.7 1.57
10 80 0.0-1.3 0.70

injection followed by frequent rotation of the eggs results in the pro-
duction of larger tumors. The somewhat higher mortality rate accom-
panying forceful injection may be due to mechanical injury, but is prob-
ably merely a result of the production of larger tumors in the eggs thus
injected. Only one experiment, No. 68, fails to bear out these conclu-
sions, and here it should be noted that, although the slowly injected eggs
averaged slightly larger tumors, one egg in this group contained no
tumor at all. It is no doubt significant that in four of the five experi-
ments some of the slowly injected eggs bore, no tumors at all, wMle the
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forcefully injected eggs invariably showed some growth of tumor. This
fact lends credence to the hypothesis that forceful injection aids in bring-
ing about implantation of the injected tumor tissue.

Size of injection.—During the development of the technique of grow-
ing yolk sac tumors, injections of 0.1 gm. of tumor tissue were usually
used (2). To study the effect of increasing or decreasing this amount,
a number of experiments were performed in which different dilutions
of the same tumor tissue suspension were injected into eggs. Injections
consisted of 0.5 ml. of the properly diluted suspension in every case. The
results of these experiments are summarized in Tables 111 and IV. It

TABLE 111
Effect of Injection Size on Growth of Walker Tumor in Eggs

Expt. Gm. tissue No. eggs % sur- % survivors Wt. of tumors in gm.
no. injected injected vival with tumors Range Average

7 0.10 9 44 100 0.2-0.6 0.43
0.02 9 56 100 0.2-1.4 0.67

42 0.10 10 80 100 0.5-2.1 0.93
0.01 10 80 100 0.3-1.3 0.58
0.001 9 44 0

43 0.10 9 56 . 100 0.1-1.3 0.72
0.01 9 67 100 0.3-1.5 0.83
0.001 9 67 50 0.0-0.5 0.10

47 0.10 6 33 100 1.2-2.0 1.60
0.01 7 86 100 0.3-1.6 0.60
0.001 7 57 100 0.1-0.6 0.35

66 0.20 10 40 75 0.0-0.6 0.25
0.01 9 56 , 100 0.2-1.7 0.98

73 0.10 9 33 100 0.5-1.8 1.30
0.01 10 90 100 0.7-1.5 0.89

79 0.20 10 50 100 0.1-0.9 0.52
0.10 10 70 100 0.3-3.2 0.99
0.05 9 78 100 \ 0.7-2.8 1.33

88 0.20 9 67 100 0.2-0.7 0.42
0.05 11 55 83 0.0-1.7 0.93

89 0.20 11 46 100 0.5-1.4 0.82
0.05 9 56 100 0.2-2.0 1.12

would appear that for both the Walker and RC tumors there is an op-
timal injection of from 0.05 to 0.10 gm. of tumor tissue.

Of especial interest is the consistent inferiority of the 0.2 gm. injec-
tions as compared to 0.10 or 0.05 gm. injections. Not only are smaller
tumors obtained with the larger injections, but in many cases no tumors
at all are found. Eggs injected with 0.2 gm. of tumor tissue and which
do not develop tumors always contain full-sized embryos which appear
healthy on post-mortem examination. The marked liver damage, heart
enlargement, etc;, often found in embryos from tumor-bearing eggs (7)
must therefore be attributable to the tumor growing in the yolk sac,
and not simply to toxic effects of the originally injected material. The
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TABLE IV

Effect of Injection Size on Growth of RC Tumor in Eggs

Expt. Gm. tissue No. eggs % sur- % survivors Wt. of tumors in gm.
no. injected injected vival with tumors Range Average
37 0.15 9 78 86 0.0-1.1 0.39

0.015 9 56 ' 80 0.0-3.9 1.56
46 0.15 8 50 100 0.3-1.8 0.73

0.015 8 75 50 0.0-1.1 0.40
0.0015 8 75 0

62 0.20 9 100 56 0.0-1.0 0.27
0.01 9 67 100 0.4-2.2 1.18

64 0.10 8 38 100 0.9-1.3 1.10- 0.01 11 82 68 0.0-0.5 0.12
65 0.10 13 69 100 0.1-4.2 2.31

0.01 13 77 100 0.1-2.1 0.95
70 0.10 9 56 100 2.8-4.6 3.50

0.01 10 70 100 0.2-2.0 0.86
77A 0.20 8 25 0

0.10 8 75 83 0.0-2.9 1.32

78 0.20 6 17 100 0.9-0.9 0.90
0.10 7 57 100 0.7-3.1 1.88

85 0.20 11 91 90 0.0-1.6 0.47
0.10 11 100 100 0.4-3.7 1.99

poor growth of tumors following 0.2 gm. injections may perhaps be
explained by the effect of the bulk of the injected material in "chok-
ing out" the growth of such particles as may become implanted.

Also of interest is the fact that tumors can be grown from injections
as small as 0.001 gm. This extreme sensitivity suggested the use of yolk
sac injections as a method of testing material for the presence of viable
cancer cells. As an example of the utility of this method, it had been
observed that fresh, untreated, fluid material removed from tumor-bear-
ing yolks at a point remote from the tumor would, when injected into
animals, give rise to tumors. Were there tumor cells present in this yolk
material, or were the tumors produced in the animals to be attributed
to some extracellular agent? Injection of such yolk material into eggs
resulted in several instances in the production of tumors, thus proving
the presence of viable tumor cells throughout the yolk at the seven-
teenth day of incubation (thirteen days after the injection of the tumor
suspension).

SUMMARY

1. The utmost precautions must be observed in the preparation of the
suspension of tumor tissue used for the injection of eggs in order to
avoid bacterial contamination.

2. When deaths due to bacterial infection are eliminated, about 35 per

cent of the embryos in injected eggs die before the seventeenth day of
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incubation. These deaths must be attributed to effects of the tumor tissue
growing in the yolk sac.

3. The growth of larger yolk sac tumors is promoted by injecting the
tumor suspension quite forcibly and by rotating the eggs several times
in the few hours immediately following injection.

4. The largest tumors were obtained when the amount of tumor tissue
injected was of the order of 0.05 gm. or 0.10 gm. Injection of larger
amounts resulted in smaller tumors and in some cases no tumors at all.
Tumors were obtained with injections of as little as 0.001 gm. of tumor
tissue.

5. The presence of viable tumor cells throughout the entire yolk of
tumor-bearing eggs on the seventeenth day of incubation was demon-
strated by the growth of tumors in eggs injected with yolk from tumor-
bearing eggs.
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THE NUTRITIONAL ADEQUACY OF THE EMBRYONATED EGG
FOR GROWTH OF A MAMMALIAN TUMOR

By

R. E. Hungate and Hester Snider

Tumors when transplanted usually grow only in a particular type of
host. Some will live also in closely related species, but attempts to trans-
plant tumors to distantly related animals, except in very restricted sites
(1), usually fail. This fairly specific relationship between host and tumor
has two possible explanations. The foreign host may fail to provide the
particular nutritional factors which the malignant cells require, or pro-
tective mechanisms in the host may operate against the tumor cells
even in the nutritionally adequate environment (2).

The experiments of Murphy (3) showed that mammalian tumors can
be successfully cultured in the developing hen egg. líe carried tu-
mors through four generations of eggs without any apparent decrease
in rate of growth, and concluded that the egg was entirely adequate
from a nutritional standpoint. Stevenson (4), using a slightly modified
technique, carried a tumor for four generations in eggs without noting
any recession in growth, but found a rapid decrease in the fifth gener-
ation and was unable to continue beyond the sixth generation. This
author concluded that nutritive factors necessary for continued growth
were absent from the egg. A revival of interest in the techniques of
growing tumors in the embryonated egg has resulted from the recent
studies of Taylor in which the tumor was injected into the yolk (5, 6).
Using this technique, Heilman and Bittner (7) have carried a mam-
mary carcinoma of the C3H strain of mice through nineteen generations
of eggs. They report a gradually developing toxicity of this tumor for
the eggs after continued culture, but did not observe any tendency toward
a decreased growth rate.

The question of the nutritional adequacy of the embryonated egg for
the growth of mouse tumors has been studied in this laboratory, using
chiefly the Texas dba mammary carcinoma 1. This rapidly growing can-
cer is particularly suitable since it usually produces large tumors in the
egg. On October 19, 1943, an egg to egg series of transfers was started,
and has been maintained continuously up to the present time, a total of
352 days. The extra-embryonic coelom method of injection (3, 8) was
used in most of the experiments, J^ut occasionally the tumor suspension
was injected into the yolk (5, 9).

In order to reduce the amount of non-cellular material carried over
into each new generation, the tumor cells used for inoculation were
always washed, using the following method. The tissue was forced
through a syringe containing a screen, and was suspended in Tyrode's
solution. It was then sedimented either by gravity or by centrifuga-
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tion. The supernatant solution was removed and discarded, the tissue
again suspended in Tyrode's solution, and re-sedimented. The second
supernatant solution was discarded, and the sediment suspended in the
desired volume of Tyrode's solution for injection. The amount of wash
solution removed each time varied from 1 to 4 times the volume of re-
maining suspension. If the amount of supernatant solution which could
be removed was less than twice the volume of the remainder, the wash-
ing was repeated a third time. Small pieces of yolk material, which
were often attached to the tumor when it was removed from the egg,
usually rose to the top of the wash tube and were drawn off with the
supernatant solution.

After washing, the tissue to be injected was diluted to a volume such
that the cells from 1 gm, of tumor were contained in 5 ml. of the sus-
pension. Since some of the initial cells were lost in washing, their final
concentration was less than 0.2 gm. per ml. In the extra-embryonic in-
jections 0.25 ml. of the tissue suspension, containing less than 50 mg.
of tissue, were injected into each egg. In the few yolk sac experiments,
0.5 ml., containing less than 100 mg. of tissue, were injected.

The size of egg tumors was usually estimated by inspection if they
were to be injected into a subsequent generation of eggs. This decreased
the danger of contamination. In the case of large tumors this estimate
was often checked by noting the volume of the tissue after it was placed
in the syringe. Large tumors which were not to be further transferred
were weighed, as were large tumors in the dead eggs.

Thirty-two generations, involving a total of 284 separate experiments
using 3,235 eggs, have been grown. Of these experiments, 6 were en-
tirely lost due to contamination and 16 were lost when the thermo-
regulator on one of the incubators failed during the seventh genera-
tion. In 11 experiments no tumor over 0.1 gm. was produced. Each of
the remaining 251 experiments gave growth of at least one tumor larger
than 0.1 gm. Data on the 262 experiments in which the eggs survived are
recorded in Table I.

In nearly all injection experiments a certain proportion of the eggs died
within the first few days. Air-borne contaminations were responsible for
a few of these deaths. A few more were due to lack of vitality of the
embryo, since uninjected eggs also showed a slight mortality, particu-
larly during seasons of the year when the viability and vigor of the
embryos were low. However, most of the early deaths were due to in-
jury and disturbance of the egg during injection. They occurred also
when saline solutions containing no tumor were used. The four days
following injection of the eggs have been arbitrarily chosen as the period
during which deaths of the eggs would be assigned to the above causes.
Inspection of Figure 1 shows that there have been no significant trends
toward an increase or decrease in the number of eggs dying during this
period. They have constituted from 3 to 45 per cent of the injected eggs
in each experiment, with an average of 21.7 per cent for the whole series.
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The percentages of mortality of the injected eggs after four days are
also charted in Figure 1. These deaths have been assumed to be due to
growth of the tumor, though in a few cases other causes may have been
concerned. Inspection of the figure shows that there is great variation
(0 to 42 per cent) in these values from one generation to another. Study
of the curve as a whole reveals no consistent trend toward an increase
in the number of eggs dying later than four days, though certain por-
tions of the curve may be significant. They will be considered in a later
portion of this paper.

The percentage of eggs surviving until opened at about the 17-day
stage has ranged from 43 to 83 per cent of the injected eggs, with an
average of 58.0 per cent for the entire series. 59.3 per cent of these
live eggs (34.4 per cent of the injected eggs) contained a tumor larger
than 0.1 gm.

Figure 2 gives the average and maximum size of the tumors in each
generation. Those eggs which contained 0.1 gm. or less of tumor tissue
were not included in the average, since with the method of extra-em-
bryonic injection some of the eggs do not receive the tissue in a favor-
able location for implantation. In such eggs the tumors would be unable
to grow even though the egg was nutritionally suitable. Inspection of
column 13 in Table I shows that during the series there was no consist-
ent change in the percentage of live eggs having tumors less than 0.1
gm. Thus, their exclusion does not affect the significance of the averages.

The values for the average size of live tumors shown in Figure 2 in-
dicate that the first 25 generations of culture in the egg caused rela-
tively little change in the growth rate of the tumors. The size through-
out this period was of the same order of magnitude as at the beginning
of the series. From the 26th to the 29th generations the average size
of the live tumors decreased significantly. These generations were grown
during July and August, when it was very difficult to obtain viable hen
eggs. Eggs were available at odd intervals, and it was often necessary
to open the eggs earlier than usual and thus decrease the time available
for growth of the tumor. The decrease in average size of the tumors in
the 26th to 29th generations was due principally to these unfavorable
conditions. A temporary nutritional inadequacy during this period may
have been involved, but if so, this inadequacy did not carry over into
eggs of normal hatchability. This is indicated by the tendency in the
30th to 32d generations for the tumors to return to their former size.
The fact that hatchability of the eggs and tumor growth were both low
during July and August suggests that any nutritional deficiency which
might have been concerned operated about equally on the chick and on
the tumor. There was no indication of a specific deficiency for the tumor
which would retard its development more than that of the embryo.

The maximum weight of tumor obtained from a single live egg shows
relatively little tendency to decrease with continued egg culture. The five
largest tumors were obtained in the 6th, 10th, l'sth, 21st, and 32d gen-
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erations, respectively. Thus, in the case of the live eggs, there is no
evidence of any, change in the rate of growth after long culture in
the egg.

From the size of the tumor used to inject each generation of eggs, it
is possible to calculate how much of the original material from the mouse
was still present in each egg. For example, if an egg were inoculated
with 0.05 gm. of tumor from a mouse and this produced a 2.0 gm. tumor
in the egg, it is evident that the materials coming from, the mouse could
constitute not more than 1/40 of the total materials in the egg tumor.
Any essential nutrient in the mouse tissue would thus be diluted by a
factor of 40. This computation is made with the assumption that all
essential materials from the mouse remained within the tumor. If any-
escaped into the egg, the amount in the tumor would be correspond-
ingly less. Thus, 40 is a conservative estimate of dilution in the above
example.

At each subsequent generation there is a similar further dilution of
nutrients present in the original mouse tumor, and from the weight of
the tumors used for injection into each generation the total dilution of
original mouse material can be calculated. Following the Bth generation
in eggs, three independent series were carried to the 24th generation.
At this time the dilution of original mouse materials in these three series
was calculated and found to be 5 x 1029, 4 x 1031, and 1.5 x 1030, respec-
tively. These values show conclusively that growth of the tumors in the
egg was not. dependent upon any essential nutrient introduced from the
mouse but absent from the egg. The maintenance of undiminished vigor
and growth by the tumor through 32 generations in eggs leads to the
conclusion that, insofar as essential nutrient materials are concerned,
the embryonated egg is entirely adequate to support the continuous
growth of this mammary carcinoma from the. Dba strain of mice.

The curve in Figure 2 for the average size of tumors in the dead eggs
shows a tendency to decrease between the 9th and 27th generations. The
fact that somewhat smaller tumors killed the eggs, particularly during
the 20th to 27th generations, suggests that an increase in toxicity oc-
curred during this period of culture (early summer). However, the aver-
age size of tumors in dead eggs in the 30th to 32d generations shows
a return to the values obtained in early generations. This suggests that
death of the eggs from smaller tumors during the summer months was
due to a decreased viability and vigor of the embryos.

In addition to the studies with the dba mammary, carcinoma some ex-
periments have been performed using a spontaneous mammary carci-
noma which appeared in our C3H strain of mice.1 This tumor was trans-
planted through two generations of C3H males, and was then injected

iThis strain was obtained originally through the kindness of Dr. H. B. Andervont,
who supplied us with the litters from Mother No. 5233 (33rd generation) and Mother
No. 5228 (32d generation) in his colony. The strain has been maintained in our
laboratory by brother-sister matings.
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into eggs because of a lack of available mice. One of the tumors which
developed in the egg was transplanted to a C3H male and subsequently
has been passed through various eggs and mice as indicated in a sepa-
rate paper of this bulletin (10).

At one time the C3H tumor was carried through eight continuous
generations in eggs and at another time through 12 generations. Each
of these series consisted of one experiment in each generation, using
from 9 to 15 eggs for each experiment. The first series was terminated
by injecting the Bth generation tumor into mice. The second series
could not be continued beyond the 12th generation because the last ex-
periment failed to yield the amount of tumor required to inject another
generation. This failure probably would have been avoided if the num-
ber of experiments had been increased, but it occurred at a season of
the year when the eggs were least viable, and too few were available
to permit carrying both the C3H and dba series.

On the basis of the behavior of the C3H tumor while it was carried
in the egg for 8 and 12 generations, respectively, the indications are
that it could have been carried indefinitely if the attempt had been
made on the same scale as with the dba tumor. With both tumors, the
results of any individual experiment often differed markedly from the
results of others, and even within an experiment there was much
variation.

DISCUSSION

Part of the success in maintaining the dba tumor for a long period
in eggs has been due to the fact that the attempt has been made on a
relatively large scale. Many eggs have been available from which to
select tumors for injection into the next generation.

As with the C3H tumor, one of the most striking features has been
the variability of the results from one experiment to another. Some
tumors were firm in appearance, with a marked pink color which in-
dicated the presence of a good blood supply, whereas others were white
or pale pink, somewhat translucent, and occasionally necrotic. When-
ever available, the former were selected for injection into the next gen-
eration of eggs. Even following these precautions, in eleven experi-
ments no tumor over 0.1 gm. was obtained. If these latter experiments
had been the only ones available to supply tissue for further injection,
the .series would probably have been lost.

The question arises as to whether the continuous selection of the health-
iest tumors in the 17-day eggs resulted in a change from their original
growth characteristics. As one means of testing this, a tumor suspen-
sion from the 30th generation was injected into mice. A tumor devel-
oped which in its growth rate and microscopic appearance was indis-
tinguishable from another line of the same tumor- carried exclusively
in dba mice during the same period. The original histological charac-
teristics of the strain in mice were unchanged after 30 generations of
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culture in the egg. This suggests that selection of tumors had not caused
any change in the capacity to grow in mice. Neither did it result in any
change in the capacity to growin the egg. Thus, selection of tumors for
subculture did not modify the original growth characteristics of the
tumor. With regard to the toxicity of the tumor for the egg, however,
selection has been of possible importance.

Some indications of increasing toxicity of the dba tumor for the egg
after prolonged egg culture have been observed at various times during
the series. Thus, no deaths due to the tumor occurred in the first three
generations in the egg, but from the 4th to the 6th generation a consist-
ent increase in the number of eggs dying after four days was noted.
Unfortunately, the failure of the incubator in the 7th generation so re-
duced the number of viable eggs that the figures for that generation
are not statistically significant. Again in the Bth to 11th generations,
however, a tendency was seen for an increasing number of embryos to
die before 17 days. This parallels the observations of Heilman and Bitt-
ner (7) with the C3H tumor. When the increasing tendency toward deaths
was noted by these investigators, they transferred at successively earlier
intervals. Thus, eggs which would have died before 17 days, and in
which the toxicity was presumably greater, were included in the inoc-
ulum for subculture. In our experiments, eggs in which an increasing
toxicity was developing were selected against by using for subsequent
generations only those eggs which were alive at 17 days. If the eggs
had been opened earlier, when some of them were dying, it is probable
that the history of our continuous series would have been similar to
that of the C3H tumor studied by Heilman and Bittner. In the same
fashion, if tumors which survived to the 17-day stage had been selected
for subculture in their experiments, it is possible that the toxic effects
would have been less pronounced and that the tumor could have been
carried for a longer time.

The above noted difference in the toxicity of the dba and C 3H tumors
is not due solely to the fact that they originated in different strains of
mice since there were no indications of increasing toxicity in the C3H
series which we carried. Other factors in the experimental procedures
appear to be more probable causes of the divergent results.

In addition to the fact that tumors from eggs surviving until 17 days
were selected for subculture in the present experiments, two other fac-
tors may also have been concerned with the absence of any consistent
increase in toxicity of the egg-grown tumors. The washing of the tissue
to be injected might affect the expression of a toxic factor. In their
series which showed an increasing toxicity, Heilman and Bittner did
not wash the tumor suspension which was to be injected into the next
egg generation.2 In view of the possible growth of a multiplying cancer
virus in the egg this difference in method could well account for the dif-

2Heilman, F. R., personal communication.
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ferences in toxicity. If the toxic effects were due to a virus in the inoc-
ulum, they might not increase in intensity if the inoculating tissue were
well washed. On the other hand, if no washing were practiced, a virus
would not be removed from each inoculum and would have a much bet-
ter opportunity to build up a toxicity for the egg.

As another difference between the experiments of Heilman and Bitt-
ner and those reported in the present paper, the method of injecting
the egg should be mentioned. We have used almost entirely the extra-
embryonic coelom method, whereas they employed the yolk injection pro-
cedure. Whether this difference is important in explaining the diver-
gent results cannot be determined without additional experiments. How-
ever, it may bq pointed out that a good deal more yolk is usually at-
tached to tumors produced by the yolk injection method than is ordi-
narily present on tumors grown by injection into the coelom. Certain
constituents of the yolk cause a marked reaction in mice and in eggs,
suggesting that they contain a toxic material (11, 12). This material
in the yolk in the unwashed suspensions of tumors might be concerned
with the death of the embryos.

The successful maintenance of a mammalian tumor in continuous gen-
erations of eggs shows that a completely foreign host may be entirely
adequate to supply the nutrients necessary for continued growth. The
results of Greene (1') indicate that more closely related species are also
nutritionally adequate. This favors the interpretation that failure of
tumors to grow in a foreign host is not due to lack of nutritional fac-
tors, but rather to inhibition by the defense mechanisms. The earliest
investigation (3) indicated the validity of this view. The present re-
sults further demonstrate it in a convincing fashion.

SUMMARY

A mammary carcinoma from the dba strain of mice has been grown
continuously in eggs for a period of 352 days. During that time it has
passed through 32 generations of eggs. Enough eggs have been used for
most generations to permit comparison of growth rates after various
periods of culture. The values obtained indicate that the growth rate
has been maintained at approximately the same level observed in the
early generations. The tumor is still growing in eggs at the time of
this report and can probably be maintained for a very much longer
period. Inoculations into mice are successful even after 30 generations
in eggs and the histology of the resulting tumors is similar to that
observed when the tumor is grown continuously in mice.

No significant increase in the toxicity of the tumor for the eggs has
been observed, though it is suggested that under different experimental
conditions an increase in toxicity might result.
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EFFECTS OF EGG GROWN HETEROLOGOUS TUMOR TISSUE
ON THE CHICK EMBRYO

By

Adele Kynette, Alfred Taylor, and Roy C. Thompson

In the work with yolk sac tumors of both mouse and rat origin it
has been noted that the chick embryo is affected in varying degrees. The
hemoglobin level of the chick embryo is lowered in response to the
growth of tumor tissue in the yolk sac (1). The chick livers show dis-
turbance, and the growth of the embryo is retarded. The observations
indicate that something given off by the tumor affects the embryo. The
depression of the hemoglobin in a manner comparable to what occurs
in the mouse bearing a tumor would seem to mean that the effect is not
due merely to a depression in the size of the embryo, which could be
the result of competition for the egg food reserves, but rather to a spe-
cific product of tumor growth.

Since the yolk sac technique of growing tumor tissue has enabled us
to demonstrate that the genesis of a mouse mammary carcinoma is due
to a specific tumor agent (2), it was considered that a detailed report
on the effect of yolk sac tumor growth on the chick embryo would be
of value.

EXPERIMENTAL PROCEDURE

Altogether 193 tumor-bearing and control eggs representing 28 batches
of eggs were utilized. The technique of inoculation and subsequent care
has been described elsewhere (3, 4, 5). For the calculation of results
the embryos were divided into groups as follows: 48 non-injected con-
trols, 30 from eggs bearing mouse mammary tumors averaging less than
1 gm., 29 from eggs bearing mouse mammary tumors averaging 1 to
2 gm., 24 from eggs bearing mouse mammary tumors averaging more
than 2 gm., 35 from eggs bearing the rat tumor, Walker 256, averaging
less than 1 gm., and 27 from eggs bearing Walker 256 averaging 1 to
2 gm. Experimental embryos were taken from eighteen different batches
of eggs bearing mouse tumors and nine batches bearing rat tumors. The
non-injected controls were divided into small groups and incubated along
with batches of experimental eggs so that such factors as variation in
eggs or incubation temperature would not be of any significance.

In order to test the possible effect of the mechanics of injection on
the eggs ten eggs were injected in the yolk sac with normal yolk. A
comparison of these with uninjected eggs disclosed that the manipula-
tion incident to inoculation was without effect on the embryo.

Control and experimental eggs were incubated the same length of time,
17 days. Eggs with ruptured yolks or other aberrations were discarded.
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As a rule, the embryos were dissected as soon as they were taken
from the eggs. In a few instances embryos were chilled and kept as
long as six hours before removal of the organs. Under such circum-
stances control embryos were included and underwent the same treat-
ment. All 193 dissections were done by one individual in order to main-
tain uniformity in this procedure.

After the shell was cracked the embryo was separated from the rest
of the egg contents and it was weighed with an accuracy of 0.1 gm.
before the abdomen was opened. Care was taken to cut the blood ves-
sels entering and leaving the heart at about the same place in each in-
stance. The liver was clipped loose and taken out in one piece. The
spleen was inspected for adhering connective tissue before weighing.
This organ is so small in the 17-day chick embryo that the addition of
very little non-splenic tissue would change the results.

The organs were weighed rapidly on a chainomatic balance to the near-
est milligram. Representative portions of experimental and control livers
were fixed in Bouin's solution. Sections were prepared for histological
study by staining with iron hemotoxylin.

' For purposes of comparison the organ weights of each chick were
calculated in terms of per cent of body weight. The statistical validity
of the difference between the means of the experimental per cents and
control per cents was obtained by use of the following formulas (6) :

J SD2
Standard Deviation = \ —N
where $D2= the sum of the squares of the differences of the individual
per cents from the mean per cents and where N == the number of embryos.

Probable Error Mean — 0.6745 SD

VN
Probable Error Difference =Vp- E- MeanI—P.'E. Mean2

where P. E. Mean1 and P. E. Mean2 represent the experimental and the
control groups. The statistical validity equals the difference between the
means of the experimental per cents and the control per cents divided
by the probable error of the difference.

We have considered the difference between control and experimental
series significant when the statistical validity was a number equal to or
greater than 3.

RESULTS

The data are summarized in Table I and Figure 1. The body weights
of the embryos were less than normal, and in general, this effect was
increased with increasing tumor size. Considering the control as 100,
embryos from dba. tumor eggs with tumor weights averaging. less than
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1 gm. showed a depression in weight of 19 per cent. Embryos from
eggs bearing Í to 2 gm. Dba tumors were 22 per cent underweight, and
embryos from 2 gm. mouse tumor eggs weighed on the average 32 per
cent less than the controls. Embryos from eggs bearing Walker 256
tumors of less than 1 gm. averaged 14 per cent depression in weight
and those from eggs bearing rat tumors 1 to 2 gm. averaged 32 per
cent underweight.

Very few of the chicks manifested any gross deformities. There was
a tendency for chicks with liver disturbances to have distended abdo-
mens, and in a few instances, embryos showed swellings on the pos-
terior part of the head and the upper part of the neck. Dissection of
these edematous swellings disclosed a clear, jelly-like substance.

The heart was enlarged, and there was some tendency for this con-
dition to be more pronounced in embryos from eggs bearing large tumors.
Hearts from the embryos of the egg group with mouse tumors of less
than 1 gm. were 32 per cent heavier than normal, while the hearts of
the embryos of the mouse tumor group averaging 2 gm. were 50 per
cent heavier than the controls. There was no significant difference in
the heart weights between the egg group containing tumors which aver-
aged less than 1 gm. and the one in which they averaged 1 to 2 gm.

The hearts of embryos from eggs bearing Walker tumors less than
1 gm. were not significantly larger than the controls. There was a
significant increase in heart size of 13 per cent in embryos from Walker
tumor eggs in the 1 to 2 gm. group. Gram for gram, the Walker tumor
affects the heart less than the egg grown mouse tumor. The heart size
enlargement in embryos from the egg groups bearing dba tumors was
more than twice that found in eggs bearing Walker tumors of corre-
sponding size.

The hearts of embryos from experimental eggs, in addition to being
enlarged, were less firm and had a lesser degree of tonus as compared
with controls. In a few instances hearts from the experimental embryos
had small bleb-like blood-filled swellings on the ventricular surface.

The liver was more affected than any other visceral organ by the
growth of a tumor in the yolk sac. There was a general increase in
the size of the liver which was related to an increase in tumor size. The
livers of embryos ■ from eggs bearing mouse tumors of less than 1 gm.
showed a 45 per cent hypertrophy. The livers from the embryos of the
next larger tumor group were 95 per cent heavier than normal, and
livers from eggs bearing tumors 2.0 gm. or more were enlarged 160
per cent above normal. Embryos from eggs bearing Walker tumors less
than 1 gm. showed a liver hypertrophy 60 per cent above normal, and
there was an 88 per cent increase in size in the eggs bearing Walker
tumors 1 to 2 gm.

In addition to change in weight certain gross changes in the liver
were observed especially in embryos from eggs bearing comparatively
large tumors. In the more severe instances the liver was characterized
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by hemorrhagic áreas and whitish lesions scattered over the surface.
Sometimes livers manifesting this type of derangement were green.
Others had a congested appearance and were very dark red. Lesser dis-
turbances were associated generally with smaller egg tumors. Many of
these livers differed from the normal only by the presence of irregular
erythematous patches over the surface.

Histological sections of the livers disclosed various degrees of de-
rangement corresponding to gross malformations. In the early stages
one of the most notable characteristics was the marked proliferation
of the cells bordering sinusoids (Figs. 2 and 3). Often several layers
of the undifferéntiated lining cells were present, and the mitotic rate
was comparable to that seen in malignant tissue. Usually at this stage
there were abnormal concentrations of erythrocytes, but the hepatic cells
in these livers reflected very little change as compared with the normal.

Sections of livers with more severe gross effects were characterized
by areas of necrosis and erythrocyte deposits. The hepatic cells tended
to be scattered and separated into small aggregations. Low power views
of the sections revealed an irregular framework of open spaces and
liver cells (Figs. 4 and 5). As a rule, in these more advanced stages of
liver damage there was no evidence of any special proliferation of the
cells lining the sinusoids.

The spleen did not manifest any significant weight changes in rela-
tion to tumor size. In individual instances there was apparently an
enlargement of this organ in association with the presence of tumor
in the egg, but in the series as a whole there was too much irregularity
to make the changes noted statistically significant.

DISCUSSION

The interest attached to this particular type of data arises from the
possibility that the lesions in the embryo which have been noted may
be due to the filterable agent now known to be present in mouse mam-
mary carcinoma (2, 7, 8, 9). Naturally other explanations are possible.
The metabolic products of tumor growth are so little known and so
complicated that it is unnecessary to postulate the action of any one
substance. The results may not be due to anything given off by the
tumor but rather that the tumor competes with the embryo for certain
nutritive elements which are essential for the normal development of
the embryo. This could be in the form of a deficiency of one or more
of the vitamins since it is known that at this stage of development the
embryo is very sensitive to vitamin deprivation. However, the condi-
tion does not resemble any known vitamin deficiency.

There is some basis for the assumption that the chick embryo reac-
tion is the result of the action of the tumor agent. It is common experi-
ence in the propagation of pathogenic viruses in eggs to find the em-
bryo seriously affected. Cox has pointed out in connection with the use
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of the yolk sac for the growth of rickettsia that the embryo survives
inoculation only a few days after several passages of this virus. In the
instance of the typhus virus the survival time of the embryo was four
to five days. The cause of death was not discussed in this report (10).

Recently a paper was published by Heilman and Bittner in which they
gave their experience with the yolk sac cultivation of a mouse mam-
mary carcinoma (11). It was observed that in repeated serial transfers
in eggs the embryos died at progressively shorter intervals and that
this reaction was not related to the size of the tumor. At the time the,
embryos were most severely affected, the yolk sac tumor nodules were
very small, measuring 3 to 4 mm. in diameter, whereas, during the period
of maximum survival of the embryos the yolk tumors averaged 1 to 3 gm.

These results indicate that the effects on the embryo are not the re-
sult of competition for essential food constituents, but rather due to
some specific, entity which shows increased capacity for injury to the
chick with continued serial passage through the eggs. This correlates
with the data given by Cox on the cultivation of pathogenic viruses in
eggs. In isolated instances we have encountered chick embryos which
manifested very severe liver disturbance in association With tumors of
less than 0.5 gm.

As further evidence along this line we have carried out a few ex-
periments which must be repeated before they can be, relied on defi-
nitely. Yolk from tumor-bearing eggs was passed through a series of
yolk sac transplants, and the later passages, in some instances, severely
affected the embryos. In one experiment eleven eggs were injected with
yolk which represented the seventh transplant. One embryo died on
the fifth day after inoculation, eight on the seventh day and two on
the eighth day.

In another paper of this publication Hungate and Snider give their
results on continuous passage of a mouse mammary tumor in eggs. The
method of inoculation differed from that of Heilman and Bittnér, and
they did not encounter any consistent tendency for increased mortality
in the chicks of implanted eggs. In their work the tumor tissue has
been carried through 32 serial inoculations (12).

The possibility has occurred to us that the inconsistency of results
with cell-free extracts of tumor-bearing eggs may be due to.the fact
that the chick liver is able to deactivate the virus released by the tumor
into the embryo blood stream (7). If this occurs, free virus might be
available only in eggs where this capacity on the part of the chick had
been overwhelmed by the continued growth of the tumor. The extent
of disturbance in the liver may be an indicator of its action in deacti-
vating the tumor agent. ,

Another explanation for the damage to the liver may be concerned
with its hemopoietic ability. It has been shown in an earlier report (13)
that the growth of the tumor in the yolk sac depresses the hemoglobin
concentration of the chick blood. Increased liver size could be due to
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the increased activity of the blood-forming function of this organ. The
hemoglobin depression in association with tumor growth has been shown
to occur in animals generally (1, 13, 14). The basis for the reaction
is still the subject of investigation. It is possible that this effect on
hemoglobin is mediated through the tumor virus. Studies on the Rous
virus have disclosed that most of this agent which is present in the
blood stream is combined in some way with erythrocytes (15). If the
adsorption or combination of the virus with erythrocytes caused them
to be abnormal in some way, it might, lead to their early destruction
in the liver or the spleen. This would account for the hemoglobin de-
pression which is observed to be associated with tumor growth.

Further study will be necessary before the embryo reaction to tumor
growth can be given more than a tentative explanation, but, even with
the data now available, the action of an entity closely resembling known
viruses is indicated.

SUMMARY

The chick embryo is affected in varying degrees by the growth of
tumors in the yolk sac. Using non-injected eggs as a standard for com-
parison, embryos from eggs bearing mouse mammary tumors averaging
less than 1 gm. were 19 per cent underweight. Embryos from eggs con-
taining tumors 1 to 2 gm. were 22 per cent underweight and embryos
from eggs containing 2 gm. or more of tumor tissue average 32 per
cent less in weight than the controls. Embryos from eggs bearing the
rat tumor, Walker 256, were affected similarly, but to a lesser degree.

The heart was enlarged from 32 to 50 per cent in eggs bearing mouse
tumors "weighing from less than 1 gm. to more than 2 gm. Embryos
from eggs bearing the rat tumor had hearts which were enlarged 13
per cent in the 1 to 2 gm. egg tumor group.

The livers of embryos of eggs bearing mouse tumors less than 1 gm.
were enlarged 43 per cent. Livers from embryos of the next larger tumor
group were 95 per cent heavier than normal. Embryo livers from eggs bear-
ing tumors of 2 gm. or more were enlarged 160 per cent. The same
tendency to a lesser degree was manifested in chick embryo livers from
eggs bearing Walker tumors.

The lesser affected livers were characterized histologically by a marked
proliferation of cells bordering the sinusoids. Sections of livers with
more severe gross effects disclosed areas of necrosis, erythrocyte de-
posits, and hepatic cells which tended to be separated into small aggre-
gations.

The possible basis for these embryonic effects is considered.
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Fig. 2. Normal 17-Day Chick Embryo Liver Showing Hepatic
Cells and Sinusoids (x 990).

Fig. 3. 17-Day Chick Embryo Liver from Egg Bearing 0.6 gm.
Yolk Sac Tumor. Shows Abnormal Proliferation of Cells
Bordering Sinusoids (x 990).



Fig. 4. General View of Normal 17-Day Chick Embryo
Liver (X 230).

Fig. 5. General Viewof 17-Day Chick Embryo Liver from
Egg Bearing 3.4 gm. Yolk Sac Tumor (X 230).



RESULTS OF INJECTING MICE WITH FRESH MATERIALS
FROM TUMOR-BEARING EGGS

By

R. E. Hungate, Hester Snider, Alfred Taylor, and Roy C. Thompson

The study of the relation to the chick tissues of mouse tumor cells
injected into the yolk of embryonated eggs (1) shows that some of these
cells implant and grow in the chick mesoderm (2). The number of im-
plants in the egg is relatively small as compared with the number of
tissue fragments injected, indicating that many of the latter fail to
establish a mesodermal connection. We have observed no indications of
growth of the tumor cells left in the yolk, and assume that they do not
multiply to any extent.

Fresh untreated yolk from tumor-bearing eggs readily causes tumors
in mice as is shown by the data assembled in Table I. At least one
tumor was obtained from the yolk of each of the twelve eggs tested. A
number of the tumors have been sectioned and have been found to be
identical in appearance with the tumor initially injected into the egg.
When fresh yolk is filtered or dried to insure absence of cells, tumors
are obtained in mice (3), but the percentage is smaller than with the

TABLE I

Tumor Production in dba Mice by Fresh Yolk of Eggs Bearing Tumors Produced
by the Yolk Injection Technique

Data on eggs from which Data on injections into mice
yolk for mouse injection No. days

was obtained between in-
No. No. jectionand

Expt. Type* dba Size tumor injections tumors first appear-
no, tumor (gm.) Sex "> 0.1 ml. each obtained anee oftumor
1 1 0.2 9 3 2 25

1 0.1 9 2 1 35
2 2 1.6 9 2 2 24
3 2 1.0 9 1 1 19

2 1.0 9 1 1 32
2 1.0 6 2 2 14-20

4 3 1.0 9 2 2 23
4a 3 2.0 9 1 1 7
6 2 0.8 9 2 2 16-18

$ 2 2 18-27
7 2 1.7 9 2 2 15-40

$ 2 2 16-23
8 1 1.8 9 3 3 11-24

$ 1 1 17
8a 1 2.5 9 3 3 15-20

$ 3 3 15-17

*Tumors 1 and 3 have been carried as transplants from each of two mammary
carcinomas appearing spontaneously in our colony of dba mice. Tumor 2 was a
mammary carcinoma produced by injection of the supernatant layer of centrifuged
yolk from an egg containing tumor 1.
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fresh material and the tumors often present a histological appearance
different from the original. The decreased percentage may be inter-
preted as due in part to the elimination of cells. However, it is also
possible that the treatments damage a sensitive non-cellular agent to
the extent that it is no longer as effective, or is modified and produces
a different kind of tumor.

In order to study any extremely sensitive virus in the yolk, it is
apparent that it would be advantageous if the procedures for remov-
ing cells could be omitted. This would be justifiableif it could be shown
that no cells were present. This paper is a report of experiments de-
signed to test for cells in the yolk and to devise means of growing tumors
in eggs under conditions such that cells are absent from the yolk.

Direct microscopic examination of sectioned yolk from an egg bear-
ing a 3.5 gm. tumor showed the presence of cells which in their appear-
ance closely resembled that of the injected tumor. Where these cells
were present in small groups of 10-30, their staining reaction was sim-
ilar to that of normal living tumor cells. One large group of cells was
present in the sections, and in this group most of the cells had lost their
characteristic appearance. All the central cells stained very lightly,
showed little structure, and were judged to be dead. A few seemingly
viable cells could be found at certain points on the periphery of the
clump. Failure of adequate diffusion of food and oxygen to the central
cells in this clump probably accounts for their death.

In order to obtain direct evidence on whether tumor cells could be
alive in the yolk, two techniques have been used to test their viability.
The first was to determine the longevity of tumor cells incubated in
vitro in Carrel flasks with Tyrode's solution plus the yolk of seven-day
normal eggs. The second was to take the yolk of the 17-day tumor-
bearing eggs in which it was desired to test for the presence of cancer
cells, and inject this yolk into another generation of eggs. Any tumors
obtained in this second generation would indicate the presence of mouse
tumor cells in the yolk.

The first of these procedures was performed as follows: A suspen-
sion of malignant mammary tissue (dba mammary carcinoma 1) from
a mouse was prepared as ordinarily used for injection into eggs. One
part of this suspension, containing 0.2 ml. of tumor tissue per ml. total
volume, was mixed with 1 part of Tyrode's solution and 1 part of yolk
from a seven-day normal egg. Three ml. of this mixture were placed
aseptically in each of six Carrel flasks and the flasks were incubated
at 38° C. At the end of three days as much of the supernatant as could
conveniently be drawn off was removed from each flask and replaced
with 2 ml. of a mixture of 1 part yolk and 1 part Tyrode's solution.
After three more days, four of the cultures were again renewed with
yolk and Tyrode's and incubated further, whereas the remaining two
were used for mouse injection.
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The contents of these two flasks were poured into a sterile tube and
the cells were allowed to settle. The supernatant fluid was drawn off,
and the sediment of cells resuspended in 1 ml. of Tyrode's solution.
They were then centrifuged and the sediment injected into the right
and left flanks of two male dba mice. The resulting tumors indicated
that viable tumor cells were present after six days of incubation in vitro.

Of the remaining cultures, two were similarly injected after nine
days of incubation, and the other two after twelve days. One of the mice
injected at nine days showed a noticeable swelling, but this regressed
and none of the mice injected with the nine- or twelve-day incubated
cells developed any tumors. This shows that the tumor cells remained
alive in vitro for six days, but were dead before nine days.

Eleven to thirteen days is the usual period of incubation between in-
jection of tumor tissue into the yolk and the use of the yolk for mouse
experiments. Since the tumor cells in the yolk in the Carrel flasks lived
less than nine days, it seemed possible that unimplanted cells might die
in the yolk before it was used for mouse injections. However, it is prob-
able that the conditions within the yolk of the developing egg are more
favorable for survival of tumor cells than were the conditions in the
Carrel flasks.

The second method of testing for tumor cells in the yolk substanti-
ated this view. A suspension of a mouse tumor was injected into the
yolk in the usual manner. After twelve days one of the eggs was opened
and found to contain a 3.5 gm. tumor. The yolk was withdrawn from
the unruptured yolk sac by inserting a hypodermic needle at a point
distant from the tumor, and carefully withdrawing the liquid yolk, avoid-
ing contact with the yolk sac membrane. Three eggs were injected with
0.25 ml. of this yolk. At 17 days, two of them contained typical nodes
of mouse tumor, one weighing 0.082 gm., the other smaller. In another
experiment using yolk from an egg containing a 1.0 gm. rat tumor
(Walker 256), two out of four injected eggs showed tumors, each weigh-
ing 0.3 gm. Sections of these growths showed the microscopic appear-
ance typical of the Walker tumor wThen grown in eggs.

On the assumption that these tumors in eggs were produced by growth
of unimplanted mouse or rat tumor cells left in the yolk, it is probable
that at least part of the tumors produced in the mice by injections of
such yolk are due to the presence of similar cells.

Operating upon the hypothesis that the cells demonstrated in the yolk
of the above experiments were those which had been injected initially
into the yolk, but had not implanted, it seemed possible that a different
method of injection might permit growth of tumors in the egg without
introducing cells into the yolk. As previously indicated, only those neo-
plastic cells which come to lie outside the endoderm of the yolk sac suc-
ceed in establishing a blood supply and grow to any size. They implant
on the mesoderm covering the endoderm. Following Murphy's method
(4), it seemed probable that tumor cells could be injected directly into



The University of Texas Publication78

the extra-embryonic coelom in such a manner that they would implant
on the mesoderm over the yolk, without, however, being injected into
the yolk.

Study over the candling light of incubated eggs from five to seven
days old indicated that the six-day, egg was the earliest stage at which
the area vasculosa had spread to a sufficient extent to permit successful
injection of tumor suspension into the extra-embryonic coelom over the
yolk sac. The amnion is well formed at this stage and can be seen
through the shell, as can also the sinus terminalis on the peripheral
edge of the area vasculosa.

With the egg held over the candling light, a hole in the shell was
made at a point halfway between the amnion and the sinus terminalis,
care being taken not to perforate the underlying shell membrane. A sus-
pension of tumor cells was then injected just beneath the shell mem-
brane and above the blood vessels of the area vasculosa. The tip of the
needle was held so that the beveled edge v was about parallel with the
shell membrane. By slight pressure, the membrane under the needle
was depressed and the point inserted just under the surface.' Theplunger
was then forced down rather slowly. Although there is practically no
space in the extra-embryonic coelom at this point in the six-day eggs,
nevertheless with practice it was found possible in a large percentage
of cases to introduce some of the tissue suspension. This was shown by
injecting a suspension of India ink in 2 per cent melted agar (cooled to
45° C.) and opening the egg as soon as the agar solidified. Most of the
injected material was found just beneath the shell membrane, but some
was located inside the ectoderm in contact with the mesoderm over the
yolk sac. The ectodermal membrane is extremely delicate in this region
and the needle point apparently lacerates and breaks it sufficiently to
permit entrance of tumor cells into the extra-embryonic coelom. It is
possible that tumor cells left outside may penetrate the thin ectoderm
and implant, but no evidence on this possibility has been available. With
the extra-embryonic method of injection there is a greater variability
in the size of resulting tumors than is found using the yolk injection
technique. This is probably due in part to variation in the amount of
tissue which gets beneath the ectoderm.

Some difficulty may be encountered in keeping the needle outside the
endoderm. To avoid penetrating the endoderm and its covering of meso-
derm, it has been found helpful to exert a slight pressure on the plunger
of the syringe as the needle penetrates the shell membrane. This ejects
a small quantity of suspension and enlarges the space into which the
needle tip can be safely inserted. The blood vessels on the yolk become
invisible as the suspension forces them down, indicating that the sus-
pension remains on top of the splanchnopleure. It is unwise to inject
too near the sinus terminalis, since the suspension may force a passage
under the vitelline membrane into the yolk itself, and thus introduce
cells into the very location which it is desired to avoid,
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The above technique is identical with that of Rous and Murphy (5),
except that the shell membrane is not torn before injection. In remov-
ing the shell, this membrane is often torn by mistake, and a higher
mortality in such eggs has been observed.

After some practice, large tumors are regularly obtained on the yolk
sac (Fig. 1). A certain percentage of the tumors imbed in the endo-
derm and project into the yolk in the same manner as the tumors pro-
duced by the yolk injection, bisofar as their relationship to the interior
of the yolk is concerned, these tumors occupy a position identical with
that of the tumors produced by the direct injection of cells into the yolk.
Sections of both types of tumors show the same histologicál picture.
Each has a thin layer of connective tissue surrounding it, which in turn
is lined with the endoderm. [See Fig. 2 in (2)].

One interpretation to account for the non-cellular, carcinogenic agent
found by Taylor (6) in the yolk of tumor-bearing eggs is that the
growing tumor cells produce this agent and it diffuses into and collects
in the yolk.1 According to this interpretation, it would be expected that
the tumors which implant on the yolk sac after extra-embryonic injec-
tion would cause the accumulation of the carcinogenic agent in the yolk
as effectively as would the tumors produced by the yolk injection method,
the important difference being that in the latter case unimplanted cells
remain in the yolk and complicate the test for carcinogenic agents,
whereas the technique in the former case reduces the chance of such
cells being present.

The yolk of eggs bearing tumors from extra-embryonic injections does
produce tumors in mice (Table II). The percentage is smaller than
with yolk-injected eggs; out of 37 eggs tested, the* yolks of 20 gave
tumors in mice. Eleven gave tumors from every sample. In their his-
tological appearance the resulting growths resembled the initial tumor.

This tumor production by yolk from coelom-injected eggs is of much
interest since it could conceivably be due to diffusion into the yolk of
a non-cellular agent produced by the tumor cells. If the tumors were
caused by such an accumulated agent, it might be expected that there
would be a correlation between the size of the egg tumor and the effec-
tiveness of the yolk in causing cancer in mice. In order to examine this
point, the egg tumors have been listed in Table II in the order of their
size. Inspection of the table shows that there is no correlation between
the size of the tumor in the egg arid the tumor-inducing capacity of the
yolk. Yolk from an egg bearing a small tumor is about as likely to give
tumors in the mouse as yolk from an egg with a large tumor. Thus,
the tumor-producing quality in the fresh yolk of the above experiments
is not proportional to the size of the tumor in the egg used. Similarly,

lit should be noted that other explanations for the presence of a virus in the yolk

are possible. For example, the virus may be liberated by cytolysis of the tumor cells
which fail to implant. The considerations presented in this paper bear particularly
upon the factors affecting a diffusible virus given off by the growing tumor cell.
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there is little correlation between the tumor size in the egg and the
speed of appearance of the tumor in the mouse.

Another feature in the data of Table II is the effectiveness of the
yolk in producing tumors in male mice. Ten out of 30 injections into
males gave tumors, as compared with 24 out of 78 in females. Males
and females reacted in the same fashion when injected with samples

TABLE II

Tumor Production in dba Mice by Fresh Yolk from Eggs Bearing Tumors Produced
by Extra-embryonic Coelom Injection

Data on eggs from which Data on injections into mice
yolk for mouse injection No. days

was obtained* betweenin-
Generation jectionand

Size in eggs No. No. first appear-
Expt. tumor and other injections, tumors aneeof
no. (pi.) remarks Sex 0.1 ml. each obtained tumors
23 0.1 5 2 2 17-26

7 0.2 $30
22 0.2 5 4 0
24 0.3 .5 4 4 16
25 0.4 (.

'
■■ $ 2 0

49 0.4 27th 5 2 1 32
19 0.5 9 2 2 21
30 0.5 4th 5 31 30

9 3 1 30
49 0.5 27th 5 2 0

0.5 27th $20
10 0.6 9 4 0
16 0.6 9 3 2 28-33
49 0.6 27th 9 2 1 30
21' 0.7 2nd 9 2 2 16-25
27 0.8 3rd 9 2 0
12 1.0 9 2 0
18 1.0 ' Only 0.1 gm. on 9 2 2 . 30-34

yolk, rest on
allantois

23 1.0 $ 2 2 21-33
29 1.0 5 4 0

9 4 0
16 1.1 9 3 0
12 1.3 9 2 0
11 1.4 9 2 2 19
25 1.4 5 2 0
27 1.4 3rd 9 2 2 20-23
27 1.5 3rd 9 2 2 20-32
15 1.6 9 4 01.6 9 4 0
26 1.6 3rd 5 4 1 28

9 4 2 29
19 1.7 Í 2 1 36

1.9 9 11 26
18 2.0 9 4 0
30 2.0 4th 5 3 0

9 3 0
31 2.0 9 4 0
20 2.3 2 2 2 24-37

3.4 9 2 1 24
4.3 9 2 0
4.7 9 2 0

13 4.9 9 2 0

*All were dba mammary tumor 1 except expt. 31, which was tumor 3. Unless other-
wise indicated, egg tumors were from the Ist generation in eggs and were entirely
imbedded in the endoderm on the surface of the yolk sac.
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of the same yolk. Examples of this are seen in experiments 26, 29, and
30 where the yolk was injected into both male and female mice. The
yolk of experiment 26 and that of the 0.5 gm. tumor in experiment 30
gave about the same frequency of tumors in male and female mice. The
yolk from the 2.0 gm. egg tumor of experiment 30, and that used in
experiment 29, gave no tumors in either sex.

The cells of this particular tumor grow equally readily in male and
female mice when implanted subcutaneously, whereas spontaneous car-
cinomas are almost exclusively confined to females. Thus, the equal effec-
tiveness of the yolk with the two sexes suggested that cells might be
present even though none were introduced in the initial injection. Sev-
eral procedures were followed to obtain information on whether these
tumors caused by yolk of coelom-injected eggs could be due to cells.

The yolk of eggs bearing tumors on the yolk sac was tested for cells
by injecting it into another generation of eggs. Samples of yolk from
eight different eggs bearing tumors (0.4-1.5 gm.) were injected into a
total of 29 eggs. None of these developed any visible tumor, and hence
this procedure gave no evidence for the presence of cells. This is in con-
trast to the situation with yolk from eggs with tumors produced by
yolk injection (see above) where four out of seven samples from two
different eggs gave visible tumors when injected into other eggs. This
strongly suggests that if cells are present they are less numerous in
the yolk from eggs bearing tumors produced by extra-embryonic coelom
injection. This latter is also indicated by the fact that yolk from eggs
bearing yolk-sac tumors grown by this method is less effective in pro-
ducing tumors in mice (Table II) than is the yolk from yolk-injected
eggs (Table I). However, the equal incidence of tumors in males and
females indicated that cells were still present.

As another means of obtaining information about the causative agent
in the yolk, microscopic sections of some of the yolk-induced tumors in
mice were studied. The tumors resembled microscopically those obtained
when this cancer is implanted from another mouse. This particular
tumor has been carried through many generations of mice, and there
are no indications of any arrangement of the cells in a pattern resem-
bling that of the mammary gland. In the yolk-induced tumors, also, no
indications of an arrangement of cells on the pattern of the mammary
gland could be seen.

In experiment 26, involving both males and females, the injected mice
were examined frequently, and at the first sign of a developing tumor
the tissue at the site of development was removed and serially sectioned.
This was done for both males and females. In the sections of the males
no well-developed mammary ducts could be observed, and there was no
indication of a glandular structure in the tumor. In the female, the
mammary ducts and glands could be seen in the section, but no connec-
tion with the developing tumor could be observed. The mammary tis-
sues appeared normal and without any marked signs of activity. These
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observations, coupled with the equal effectiveness of the yolk in males
and females and the lack of correlation between size of the egg tumor
and the effectiveness of the yolk, made it seem probable that the tumors
were due to cells.

Cancer cells in the yolk of a small percentage of the above tested eggs
might be ascribed to errors in injection in which the cells were placed
by mistake in the yolk. This would occur if the endoderm were punc-
tured in injection. But any such mistake can be detected in the 17-day
egg by noting the location of the resulting tumor. Tumors from yolk
injection always develop in the immediate vicinity of the yolk sac um-
bilicus. Tumors from coelom-injection may occur in this region, but they
are more commonly found at other points on the yolk sac. By using
yolk from coelom-injected eggs in which the tumor was not near the
yolk sac umbilicus, the chance that tumor cells had been placed in the
yolk was greatly reduced. Thus the proportion of tumors shown in Table
II is too high to be accounted for on the basis of cells introduced through
errors in injection. It must be concluded that the mouse tumors result-
ing from yolk of coelom-injected eggs are not caused by cells introduced
initially into the yolk.

It becomes necessary to consider the possibility that tumor cells enter
the yolk some time after injection. Several lines of evidence suggest that
migration of cells of carcinoma 1 occurs fairly commonly. A consider-
able tendency for metastasis of this tumor has been observed in mice.
Implanted tumors on the backs of fourteen male dba mice were removed,
the site of the implant facilitating a complete excision. Five of the
operated animals later showed metastases in other parts of the body, par-
ticularly in the lungs, liver, and occasionally the kidneys. The metastatic
nodules were usually quite numerous. In one mouse from' which the
tumor had not been removed, there were found at death numerous metas-
tases in the lungs and on the liver. This shows that a breaking away of
tumor cells from the site of implantation occurs in the mouse.

A similar action in the egg might explain the presence of cells in the
yolk. Stained sections of yolk do occasionally show small spheres of tis-
sue surrounded by endoderm [Fig. 1 in (7)]. These apparently slough
off from the inner wall of the yolk sac. When a tumor is deeply im-
bedded in the yolk sac wall, some neoplastic cells might easily be in-
cluded in the loose bits of tissue.

Migration of tumor cells in the egg is also suggested by the fact that
a hemorrhage in the vicinity of the tumor is sometimes observed. Extra-
vascular blood is evidence of rupture of mesodermal tissues, and such
rupture might liberate tumor cells into the blood stream.

Fresh blood from tumor-bearing eggs does, in fact, frequently cause
tumors when injected into mice (Table III). This is true whether the
egg tumors are produced by injection into the yolk or into the extra-
embryonic coelom. As in the case of the agent in yolk, blood is effec-
tive in both males and females, and presence of the tumor-producing
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TABLE III

Tumor Production in dba Mice by Materials Other Than Yolk from Eggs Bearing
Mouse Tumors. (First generation in eggs)

Data on eggs from which materials Data on injections into mice
for injection were obtained No. days

between
injection

Method Size No. No. and first
Expt. Type of tumors Material mice in- tumors appearance

no. tumor injection (gm.) injected jected Sex obtained of tumors
1 1 Yolk 0.12, 0.1 ml. whole 2 $ 0

0.25, blood
0.4, 0.1 ml. blood 1 $ 20
and sediment
0.7 0.1 ml. blood 1 $ 0
mixed supernatant

0.1 nil. alian- 2 5 0
toicmembrane

2 1 >> 0.6,
and
4.0
mixed

0.1 ml. blood
sediment
0.1 ml. blood
supernatant
0.1 ml.
allantois
0.1 ml. liver
0.1 ml. brain

2
1

2

1
1

2

2
2

5
2

2

0

0

0
0

19

3 3 a 0.6 0.1 ml. whole
blood
0.1 ml. blood
sediment

2 2 0

2 2 2 19

1 » 1.3,
and
2.0
mixed

0.1 ml. blood
sediment
0.1 ml. blood
supernatant
0.1 ml. allan-
toicmembrane

3
3

3

2
2

2

1

0

0.

48

19 1 >y 0.1
0.8

0.1 ml. blood
sediment
0.1 mL,blood
sediment

2

1

2

2

0

1 if 0

7 3 Extra-
embry-
onic
coelom

0.2 0.1 ml. whole
blood

3 2 0

8 3 » 0.4
0.4

0.1ml. blood
sediment
0.1 ml. blood
sediment

2

2

2
2

1 28
3 » 0

11 » 1.4 0.04 ml. blood
sediment

<?
12 1 » 1.0

1.8

0.1 ml. blood
sediment
0.1 ml. blood
sediment

1 9 0
1 » 2 2 2 21

13 j> 4.9 0.13 ml. blood
sediment

2

15 » 1.6 0.04ml. blood
sediment

0

16 2 j> 1.1 0.09ml. blood
sediment

24

18 1

1

»

it

2.0
1.0

0.15 ml. blood
sediment
0.15 ml. blood
sediment

2

2

9 0

2 30-34
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factor in blood is not correlated with size of the tumor in the egg. Only
eggs with unruptured yolk sacs have been used in order to avoid any
mixing of yolk with the blood. In most cases it was possible to obtain
almost pure blood, though occasionally there was some mixing with the
allantoic and amniotic fluids.

A few attempts have been made to demonstrate mouse tumor cells in
the 17-day chick blood by injecting the blood into another generation
of eggs. No visible growths have resulted. However, with mouse tumors
the failure of this method to demonstrate cancer cells in the blood is
parallel to the failure to demonstrate them in the yolk of coelom-in-
jected eggs with tumors on the yolk sac. The difficulty presumably lies
in the fact that the time in the egg is necessarily limited and is insuffi-
cient to permit growth of the metastatic cells to visible aggregates. A
minimum of sixteen days is required in the mouse (Table II) and this
interval is longer than that available for growth in the egg.

Although mouse tumor cells in the blood have not been demonstrated
by this method, direct evidence of rat tumor cells in the embryonic blood
has been obtained from eggs carrying the Walker 256 tumor. This can-
cer grows extremely rapidly in the rat, and also gives good-sized tumors
in the egg, particularly from very small injections (8). Mixed blood
and allantoic fluid from an egg carrying a Walker tumor were injected
into six eggs, and in two of these small nodes of tissue developed.
Microscopically, and as seen in sections, these nodes resembled the
Walker tumor as it appears in eggs. In another similar experiment,
one out of four injected eggs showed a tumor. Thus, in the case of this
rat cancer, tumor cells can be demonstrated in the blood and allantoic
fluids of the tumor-bearing eggs. This lends support to the interpreta-
tion that tumor cells are also present in the blood of eggs with mouse
tumors, though they do not give visible growths in another generation
of eggs.

There is no close correlation between the tumor-inducing capacity of
the yolk and that of the blood from any given egg. The fresh blood
and yolk from each of eight eggs with yolk-sac tumors from extra-em-
bryonic coelom injection were tested separately for tumor production in
mice; Four of these produced no tumors with either blood sediment or yolk.
One egg gave tumors from both yolk and blood. One gave tumors from
yolk but none from blood. The blood of the other two eggs was effec-
tive, but no tumors were obtained from the yolk. There were no visible
indications of blood in the yolk which gave tumors. This was also true
of the yolk samples reported in Table 11. Thus, a hemorrhage into the
yolk sac does not seem to be a major mechanism by which tumor cells
enter.

It may be postulated that tumor cells are present in the blood as
small units which circulate continuously, or that they break loose from
the primary tumor as large pieces. The former view appears more
probable because large aggregates would soon lodge in the capillaries
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and be removed from the circulating blood. Their sojourn in the blood
would be brief, and it would be necessary for new ones to enter the
circulation almost continuously in order to give the observed incidence
of tumors shown in Table 111 (12 positive blood sediment samples out
of 31). Such a frequent metastasy of large aggregates does not seem
probable. Also, if the clumps were large, it would be expected that some
of them would form visible metastases in the embryo, that they would
be demonstrable through injection of blood into another generation of
eggs, and that they would more rapidly cause tumors in mice. Since
none of these phenomena has been observed, it is highly probable that
the tumor cells occur in the blood stream in small groups. It may be
supposed that they separate from the main tumor mass, circulate in
the blood, and are shed with it when the egg is opened. If this view is
correct it follows that a clump of cells small enough to pass the capil-
laries is capable of initiating a tumor when inoculated into mice under
the conditions of these experiments.

Regardless of the postulated size of the clumps of tumor cells in the
blood of the chick, it is rather surprising that they can be demonstrated
so frequently.

The results of the experiments testing the yolk of the coelom-injected
eggs (Table II) show that this injection technique is not adequate to
insure absence of cancer cells from the yolk. The available data indi-
cate that the tumors obtained from such yolks are due to cells. Further,
in view of the occurrence of tumor cells in the blood, no vascularized
part of an embryonated egg bearing a tumor may safely be assumed
to be free of neoplastic cells unless reliable techniques for their elimina-
tion are practiced.

There remains one further possibility for obtaining cell-free material
from tumor-bearing eggs. In some eggs the entire tumor is attached
to the allantois, with none on the yolk sac. In order for tumor cells to
enter the yolk of such eggs, it would be necessary for them, first, to
move through the surrounding connective tissue and blood vessels into
the blood stream, and, second, to migrate from the blood through the
connective tissue and endoderm into the yolk. As indicated by the data
in Tables II and 111, neither of these barriers is alone capable of lim-
iting movement of tumor cells. However, it seemed possible that to-
gether they might be effective, and experiments have supported' this
view.

Samples of the yolk from each of seventeen coelom-injected eggs from
ten separate experiments were tested in mice. In all of these eggs, the
tumor was located exclusively on the allantois, insofar as a macroscopic
examination could determine. None of these injections gave a tumor
(Table IV). This indicates that cells were absent from the yolk of these
eggs with allantoic tumors. It is also evident that these yolks contained
no acellular carcinogens, at least as detected by the'present method of
mouse injection.
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TABLE IV
Results of Injecting Yolk from Eggs with Tumors Produced on the Allantois through

Extra-embryonic Coelom Injection. (Tumor. 1 used in all experiments)

No.
Expt. Size tumor Generation injections No. tumors
no. in egg (gm.) in eggs 0.1 ml. each Sex after60 days

1 2.0 1 3 9 0
37 0.8 20 2 9 0

2 $ 0
1.2 20 2 9 0

2 $ 0
38 0.5 22 4 $ 0
40 1.4 24 2 , $ 0

2 9 0
41 0.6 24 4 9 0

1.0 24 4 9 0
1.0 24 4 9 0

42 1.2 24 4 9 0
1.0 24 4 9 0
1.5 24 4 9 0

43 1.7 25 4 9 0
44 0.7 25 4 9 0

0.5 25 4 9 - 0
1.2 25 4 9 0

45 1.7 25 3 9 0
46 0.8 26 4 9 0

DISCUSSION

The question arises as to whether the location of the tumor on the
allantois instead of on the yolk sac prevents the diffusion of a non-cellulár
agent into the yolk. Although there is at present no entirely adequate
answer to this question, a consideration of the factors governing distri-
bution of materials in the egg suggests that if carcinogens diffuse into
the yolk from yolk sac tumors, they should also diffuse in when the
tumor is on the allantois. If the agent were not diffusible, it would be
confined to the tumor cell and would not be separately obtainable except
by special treatments, or by autolysis of the cell. Assuming that the
agent is released, it would presumably enter the blood stream and its
distribution from there would depend on permeabilities and its affinities
for the various parts of the egg. If it possessed no particular affinities,
or if it had a greater affinity for the yolk than for other parts of the
embryo, the agent would be expected in the yolk regardless of the loca-
tion of the tumor. If it possessed a lesser affinity for yolk than for some
other region, no accumulation would occur in the yolk, again regard-
less of the site of the tumor. Therefore, selective affinities cannot ex-
plain the absence of a virus with allantoic, and its presence with yolk
sac, tumor. In order for a virus to accumulate in the yolk from yolk
sac tumors and not from allantoic tumors, it would be necessary for
connective tissue and endoderm cells to be permeable to the virus and
for the walls of the blood vessels to be impermeable. This hypothesis
would be tenable if the yolks of the eggs reported in Table II had given

indication of an effective virus. But half of those yolks gave no tumors,
and the tumor production by the effective yolks appeared to be due to
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cells. Thus, the experiments do not support an hypothesis of a per-
meable splanchnopleure and impermeable blood vessels. These consider-
ations indicate that a diffusible virus given off from growing tumor cells
would collect in the yolk of eggs with allantoic as well as with yolk sac
tumors.

The experimental results of this investigation involving fresh mate-
rials indicate that cells have been the cause of the tumors produced in
mice. The original hope that it might be possible to develop a method
which would give an effective virus in a cell-free milieu has not been
fulfilled.

In spite of this failure, the information obtained eliminates certain
factors which have been considered inimical to demonstration of a mam-
malian cancer virus. The manipulations of filtration and drying cannot
be considered entirely responsible for destruction of an otherwise present
virus, when untreated yolk is also ineffective. Also, failure to obtain
tumors from egg material cannot be ascribed solely to inhibition by
specific antibodies. Murphy (4, 9) and Goodpasture and Buddingh (10)
have shown that up to the 17-day stage the chick embryo possesses lit-
tle or no capacity to form antibodies. In eggs with 24th generation
tumors (Table IV) there is no possibility of inhibition by antibodies
carried over from the original mouse inoculum, yet no tumors in mice
were produced by the yolk.

Failure to demonstrate a mammalian cancer virus in the above ex-
periments, even when antibodies and destructive manipulations were
avoided, indicates that if a virus is present, other factors prevent its
demonstration. For example, the subcutaneous injection of materials into
mice may not be suitable for its detection. The long latent period pre-
ceding visible effects of the milk factor studied by Bittner (11) and the
special conditions required to demonstrate the virus of the rabbit papil-
loma (12) indicate that cancer viruses in mammals may be demonstra-
ble only under special conditions. These may not be furnished by present
test methods.

Investigations on mechanisms capable of binding a cancer agent within
the cell might also prove profitable. The contrast between the ease of
demonstrating the viruses in birds and the difficulty in mammals sug-
gests that in the latter group some fundamental difference in proto-
plasmic architecture produces a more difficultly separable bond between
the host cell and a virus.

In attacking these problems the technique of growing tumors on the
allantois appears to be a valuable, tool, since through its use some of
the factors influencing virus demonstration (antibodies, injury through
manipulations, and nutrient background) can be more adequately con-
trolled and varied.

One of the most important results obtained during the present inves-
tigation has been the demonstration of viable tumor cells in the circu
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lation. Their demonstration in the chick embryo suggests that tumor
production by fresh tissues of other tumor-bearing animals (13, 14) is
also due to cells.

SUMMARY

The occurrence of tumor cells in the yolk of eggs injected by the
yolk sac technique has been studied. Direct microscopic examination of
sections of the yolk has disclosed the presence of cells with an appear-
ance similar to that of the injected cells. Tumors have been produced
in eggs by injecting the fresh yolk into another generation of eggs, in-
dicating that viable tumor cells are present.

Injection into the extra-embryonic coelom was tried as a method of
avoiding the presence of cells in the yolk. This reduced the incidence
of tumors from fresh yolk, but those produced still appeared to be due
to cells. They were induced equally readily in males and females, could
not be detected as arising from the mammary apparatus, and no cor-
relation between size of the tumor in the egg and the .effectiveness of
of its yolk in producing mouse tumors could be demonstrated. The coelom--
injection technique thus was inadequate to insure absence of cells in
the yolk when the tumor develops on the yolk sac.

Cells in the yolk of these eggs can be accounted for only by assum-
ing a migration into the yolk. Such a migration suggests that cells
might also be expected in the blood. Injection of blood from tumor-bear-
ing eggs shows that they are present, since tumors are obtained in both
male and female mice. Also, with a rat tumor, cells in the blood were
demonstrated by injection into another generation of eggs.

The occurrence of tumor cells in the blood indicates the possibility
of their presence in any vascularized part of the egg, and emphasizes
the difficulty of obtaining fresh cell-free egg materials. However, by
growing tumors on the allantois it has been possible to obtain untreated
yolk which is cell-free, as evidenced by its failure to produce tumors in
mice. The various steps designed to decrease the possibility of cells in
the yolk of tumor-bearing eggs have resulted in a progressive decrease
in the tumor-producing capacity of the fresh yolk, until with allantoic
tumors no tumor production by yolk is observed.
' Failure to obtain tumors from the fresh yolk of eggs with allantoic

tumors indicates that no effective diffusible virus was present in the
yolk. Certain theoretical considerations show that if such a virus is
absent from the yolk of eggs with allantoic tumors it would not be ex-
pected in the yolk of eggs with yolk sac tumors.
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Fig. 1. A Tumor on the Yolk Sac Produced by Extra-embryonic Coelom Injection.





THE INEFFECTIVENESS OF MODERATE CENTRIFUGATION FOR
SEPARATING TUMOR CELLS FROM YOLK

By

,R. E. Hungaté

Centrifugatioh is less drastic treatment than filtration and "lyophili-
zation" and might be of especial value for freeing yolk material of tumor
cells without injuring any sensitive cancer virus which might be present.
However, study of the way in which cells in the yolk may be distrib-
uted by centrifugation shows that this method has distinct limitations
to its effectiveness in removing them.

The undiluted yolk of an egg forms three layers when centrifuged: a
sediment, a middle clear portion, and a supernatant "lipoid" layer.
Tumors have been obtained in mice from injections of material from
each of these three layers.

When an égg-grown tumor is minced and suspended in saline, most
of the cells soon settle to. the bottom, indicating that they have a specific
gravity higher than that of the saline solution. It might be expected
therefore that any tumor cells in yolk would be carried to the bottom
of the tube by centrifugation and would be deposited with the sediment.
However, this expectation would be based on the assumption that the
tumor cells have a greater specific gravity than the yolk in which they
are suspended and that the viscosity is low enough to permit a move-
ment of the cells. Actually, viscosity and specific gravity Of the yolk in
the 17-day egg vary greatly from one egg to another. The viscosity, in
particular, is sometimes very high. In yolks with a high viscosity cen-
trifugation cannot be depended upon to give a separation of cells. Evi-
dence of this was observed in the following experiment.

The yolk from an egg bearing a 1.8 gm. tumor produced by yolk in-
jection was centrifuged. The yolk sac was punctured and the yólk al-
lowed to drain into a sterile dish, "It was noted that it had a rather high
viscosity. A sample of the yolk was centrifuged at 1500 x gravity for
10 minutes. This resulted in a stratification into three layers. A part
of the middle layer was removed with a capillay pipette, care being taken
to disturb the lipoid layer as little as possible. The withdrawn portion
was again centrifuged at 1500 x gravity for 10 minutes. A small amount
of the surface layer after the second centrifugation was removed and ex-
amined under the microscope. In it could be seen fragments of yolky
material in which were trapped chick erythrocytes. Most of the ery-
throcytes which were present in the initial yolk had been sedimented
in the first tube and could be seen as a trace in the bottom layer. The
presence of a few in the upper layer of the second tube indicated that
the centrifugaron had been inadequate to sediment these cells, even
though their specific gravity was greater than that of the yolk. A por-



The University of Texas Publication92

tion of the upper quarter of the contents of the second tube was in-
jected into each of four mice, three females and one male. Each of these
developed a tumor at the site of the injection. In view of the presence
of erythrocytes in the injected yolk it seems possible that cancer cells
might also have been present and responsible for the mouse tumors.

If the yolk from tumor-bearing eggs is diluted with saline solution
before centrifuging, the viscosity of the suspending medium is greatly
decreased and in this respect the conditions are more favorable for the
removal of cells. However, even with the diluted yolk a complete sepa-
ration of cells by centrifugation cannot be expected in all experiments
because of the possible attachment of tumor cells to lighter materials
in the yolk, particularly the endoderm cells.

Many of the endoderm cells which make up the wall of the yolk sac
have a characteristic light yellow color which may be easily observed
by examining the yolk sac from the inner side. These cells have a lower
specific gravity than physiological saline solutions. This is often evi-
dent when a tumor growing on the yolk sac is minced and suspended
in the saline solution. Some of the endoderm cells are usually torn loose
with' the tumor and in the suspension these cells rise to the surface.
Their yellow color makes easy their identification.

Evidence has been obtained which indicates that tumor cells may ap-
pear in the yolk in close association with these endoderm cells. An egg
bearing a tumor on the yolk sac was opened and the yolk sac was care-
fully broken. Floating loose in the liquid yolk were a number of minute
spheres which were lighter in color than the liquid yolk. Some of these
were pipetted out, fixed, and serially sectioned. The sections showed
that the spheres consisted of larger or smaller bits of tissue completely
enclosed in endoderm cells (Fig. 1).

The cells enclosed by endoderm in these sectioned spheres did not
exhibit the typical appearance of the tumor cells initially injected into
the egg. If they were tumor cells they had undergone a considerable
degree of degeneration from their original histological appearance. This
case thus affords no direct evidence for an association of tumor cells
with endoderm in the yolk. However, it does show that tissue enclosed
in endoderm may break loose from the wall of the yolk sac and be found
loose in the yolk. Indirect evidence that tumor cells migrate into the
yolk from yolk sac tumors has been presented elsewhere in this bulle-
tin (1). It is highly probable that some of them enter the yolk in the
same manner as the tissues in the sectioned spheres and in this case
the tumor cells would be closely attached to endoderm.

The specific gravity of an aggregation of lighter endoderm and heavier
tumor cells would vary according to the proportion of the constituent
parts. With the proper proportion the specific gravity would be the
same as that of the suspending fluid and in that case no movement of
the aggregate would occur. If sufficient endoderm cells were present,
they would so decrease the specific gravity that the aggregate would rise
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to the supernatant layer. With few or no endoderm cells the clump
would collect in the sediment. Thus, malignant cells might be present
in any of the layers formed by centrifugation of diluted yolk.

These considerations emphasize that moderate centrifugation is inade-
quate to separate tumor cells from the yolk of tumor-bearing eggs. The
probable association of tumor cells with endoderm suggests that, in order
to effect a separation, centrifugal forces of sufficient magnitude to break
the connection between tumor cells and endoderm must be employed.
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Fig. 1. Section of a Loose Sphere of Endoderm
in the Yolk, Containing Other Cells (Dark
Staining) (X 990).





CHANGES IN HEMOGLOBIN CONCENTRATION, TOTAL HEMO-
GLOBIN, AND BLOOD VOLUME ASSOCIATED WITH

TUMOR GROWTH
By

Alfred Taylor

It has generally been assumed that the anemia which characterizes
the later stages of tumor growth, is of a secondary nature, resulting from
the general debility and cachexia associated with the final course of the
syndrome (1, .2, 3, 4). In a recent paper (5) from this laboratory, a
report was given of experimental results which indicate a more direct
relationship between the growth of tumor tissue and the blood hemoglobin
concentration level. It was shown that when the hemoglobin level was
plotted against the age of the implant, the blood hemoglobin concentra-
tion was considerably lowered and that with the passage of time and
the consequent increase of tumor tissue, the decline in the hemoglobin
level was continuously accelerated. In the same report it was shown that
in the precancerous stages of methylcholanthrene or diaminoazobenzene-
induced tumors the hemoglobin level was also significantly depressed.

The paper mentioned above was followed by the report of an investi-
gation likewise undertaken in this laboratory in which the effect of yolk
sac-cultivated tumors on the hemoglobin level of embryonic chicks was
studied (6). As in mice, a marked depression of the blood hemoglobin
concentration was obtained accompanyingthe presence of even very small
amounts of healthy, non-necrotic, non-hemorrhagic tumor tissue. The de-
gree of hemoglobin depression was in direct and fairly constant rela-
tion to the size of the neoplasms, and this correlated favorably with
the data on tumor-implanted mice.

,In view of the consistency of the results obtained in thorough inves-
tigations using experimental animals from two different vertebrate
classes the idea of a direct relationship between tumor growth and blood
hemoglobin concentration seems to have a sound basis. The present in-
vestigation has carried the study of the relationship between tumor tis-
sue and hemoglobin further and has included a study of the reaction of
the blood hemoglobin concentration and the total blood hemoglobin of
mice to tumor size. Data on the effect of cancer growth on total blood
volume also were obtained.

MATERIALS AND METHODS

The care of the animals, the procedure used in making transplants, the
method of induction of tumor development by methylcholanthrene, and
the type of hemoglobin determination used have been described else-
where (5, 6).
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Total hemoglobin and total blood volume values were obtained by a
modification of the exsanguination method described by Griineberg (7).
The hemoglobin concentration of the blood was determined in a tail sam-
ple. Then the animal was placed under light ether anesthesia and killed
by decapitation. The blood from the head and body was caught in dis-
tilled water. The body cavity was opened and as much blood as possi-
ble squeezed out of the viscera. The head and other parts of the car-
cass were washed out carefully. When all the blood was collected which
could be obtained by cutting and squeezing, distilled water was added
to bring the total volume up to 500 ml. Ten ml. of this blood solution
was tested for hemoglobin concentration, using an Evelyn photoelectric
colorimeter according to the method described by.Evelyn (8)."

Ordinarily, using whole blood, 0.02 ml. of blood in 10 ml. of water
gives a reading on the colorimeter which indicates the hemoglobin con-
centration in gm./per cent or gm./100 ml. of blood. Accordingly, the
hemoglobin concentration of the distilled water-diluted total mouse blood
divided by the hemoglobin concentration of the blood sample taken be-
fore killing the animal multiplied by the total volume of blood solution
(in this instance 500 ml.) divided by 10 times 0.02 equals the total blood
volume of the mouse. This value times the hemoglobin concentration of
the blood equals the total hemoglobin. Or: Where HB = hemoglobin con-
centration of the blood, and hb = hemoglobin concentration of 10 ml.

hb 500
of diluted collected blood, then —— X 0.02 X == total blood volume,

HB 10HB
and total volume X HB = total hemoglobin.

This method of determining total blood volume has been used on sev-
eral hundred mice and where normal animals are concerned the average
deviation of the values obtained was less than 6 per cent. It was con-
sidered likely that the figures given here are somewhat low from the
standpoint of absolute values, but for the purpose of the present study
this was not of particular importance provided the values were consist»
ent enough to be used for purposes of comparison.

Experiment I.—A group of 140 dba mice were given subdermal im-
plants of tumor tissue. After development had begun, tumors of various
sizes were measured in association with the host's hemoglobin level.

Experiment ll.—ln this investigation, 172 mice of about the same age
and weight were used, 40 serving as controls. The experimental animals
were given subdermal implants of tumor tissue. Groups of experimental
mice were sacrificed at different levels of tumor growth and the tumor
weight, total blood volume, and total hemoglobin were recorded. Blood
hemoglobin concentration and total blood volume were determined for
groups of the control animals from time to time during the course of
the experiment.

Experiment ///.—Study was made of 120 C57 mice whose initial aver-
age weight was about 23 gm. Sixteen animals served as controls and
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the balance were injected with methylcholanthrene. The experimental
animals were killed at various intervals of time and their hemoglobin
concentration, total blood volume, and total hemoglobin recorded. The
control animals were sacrificed a few at a time during the course of the
experiment. The sequence of the recordings and the number of animals
involved in each instance are as given in Table I, to be referred to later.

RESULTS

Experiment I.—Results obtained for Experiment I are summarized
in Figure 1. It will be noted that the average of the separate deter-
minations, based on a total of 140 mice, gives a straight line relation-
ship between tumor size and the hemoglobin level.

Experiment //.—The data for this experiment are given in Table I
and Figure 2. There was an initial drop in blood volume, total hemo-
globin, and hemoglobin concentration in the period before the tumors be-
came palpable. Thereafter, the blood volume rose slightly above that of
the controls while the total hemoglobin and hemoglobin concentration
were depressed in a straight line ratio to tumor size.

Experiment lll.—This experiment, the results for which are tabu-
lated in Table I and summarized in Figure 3, demonstrated trends con-
sistent with those obtained in the other experiments. In the experimental

TABLE I

Tumor Size in Relation to Blood Volume, Total Hemoglobin, and Hemoglobin
Concentration

Blood
Total Hb volume

Source of No. Ay. body Tumor size Hb in gm./100 gm. ml./100 gm.
data animals wt. (gm.) (gm.) gm. % mouse mouse

. Transplantedmammary carcinoma in dbamice
lontrols 40 22.4 0 16.3± .70 .76± .05 5.23± .31
'■ancer impl. mice .. 14 23.0 0 15.8± .33 .80± .025

9 23.8 .05± .03 15.1± .98 .74± .37
9 22.9 .10± 00 14.5± .61 .69± .05

19 23.9 .29± .05 13.4±1.26 .66± .075
17 24.0 .68± .10 13.0±1.15 .68± .10
18 23.8 1.3 ± .30 12.2±1.32 .62± .10
22 25.1 2.5 ± .50 10.4±1.5 .57± .12
24 32.2 7.5 ±1.3 4.8±1.19 .29± .88

5.1 ± .17
4.8 ± .31
4.7 ± .53
4.9 ± .43
5.3 ± .69
5.2 ± .75
5.5 ± .88
6.1 ±1.0

Methylcholanthrene induced tumors in Cm mice
¡ontrols 16 25.7 0 17.0 ± .52 .81± .037 4.9 ± .17

're- 9 days
cancer 22 days
stage 41 days

59 days
64 days

10 23.8 0 15.8 ± .34 ,74± .05
10 24.8 0 15.9 ± .91 .71± .037
10 26.4 0 16.0 ± .60 .72± .062
10 27.2 0 15.65± .66 .73± .05
5 27.8 0 14.90± .46 .71± .025

4.8 ± .46
4.7 ± .14
4.7 ± .41
5.0 ± .19
5.0 ± .34

lancer
stage

11 27.5 .6 ± .21 14.23± .63 .73± .037
10 29.1 1.3 ± .34 13.62±1.00 .70± .037

5 29.9 2.6 ± .48 13.0 ±1.6 .67± .05
11 32.1 5.3 ± .8 11.70± .69 .66± .05

5.2 ± .26
5.2 ± .36
6.3 ± .48
5.8 ± .46
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animals used, in which the cancers were induced by methylcholanthrene,
there developed the characteristic precancerous stage, and it will be noted
that during this period there was a tendency for the hemoglobin to re-
main fairly constant at a level somewhat lower than that of the con-
trols. Once the tumor appeared the various factors for which measure-
ments were made reacted as in Experiment II; i.e., the total blood vol-
ume rose slightly while total hemoglobin and hemoglobin concentration
tended to assume the usual straight line relationship to increasing
tumor size.

DISCUSSION
It appears from the results obtained that neoplastic tissue produces

a substance or substances inimical to blood hemoglobin. This is reflected
in the straight line relationship which exists between tumor size and
hemoglobin level, and this relationship in turn indicates that each tumor
cell makes its contribution towards lowering the concentration of the
blood hemoglobin. The same situation prevails when total hemoglobin
is considered. In this instance while the drop paralleled that of the
hemoglobin concentration, it was not quite so severe. The dba implants,
which were faster growing tumors than those induced by methylcholan-
threne, were associated with a more rapid drop of the hemoglobin level,
as is shown in Table I. Implant tumors in dba mice averaging» 2.5
gm. in weight produced a drop in hemoglobin concentration from the
control value of 16.3 gm./per cent to 10.4 gm./per cent while the value
for mice bearing methylcholanthrene-induced tumors of about the same
size was 18 gm./per cent. It is probable that the rate of falling off in
hemoglobin concentration with increasing tumor size is related to the
degree of malignancy inherent in the tumor concerned. Further data
are necessary to resolve this point.

Very little work has been done on the reaction of blood volume to
tumor growth. Ewing, in his 1942 edition of Neoplastic Diseases (9),
states that the blood volume is usually lower than normal in human can-
cer patients. The results obtained in this study indicate a general tend-
ency for a moderate increase in blood volume to occur in mice bearing
tumors. This trend is especially marked in the late stages of tumor
growth. It is due to this increase in total blood volume that total hemo-
globin is /less affected by cancer growth than is the blood hemoglobin
concentration. «■

It is interesting to note that in pregnant female mice the blood vol-
ume per unit of weight is slightly higher than normal when the weight
of the fetuses is included in the weight of the mother (10). Griine-
berg (7) has reported that mice which undergo a transitory anemia as
a result of the flexed tail gene have approximately the same compara-
tive blood volume as do the normal animals. In the present investiga-
tion it was noted that there tended to be much more individual varia-
tion with respect to this factor of blood volume among tumor-bearing

mice than in blood hemoglobin concentration or total hemoglobin.
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SUMMARY

Blood volume, total hemoglobin, and hemoglobin concentration values
in relation to tumor size were obtained for 132 tumor-implanted dba
mice and for 82 C6T mice bearing tumors induced by subdermal injec-
tions of methylcholanthrene.

In both types of experimental animals: (1) Blood concentration was
found to drop markedly and in direct relation to tumor size as previ-
ously reported. (2) Total hemoglobin was depressed but not quite so
severely as hemoglobin concentration. (3) Blood volume dropped
slightly in the early stages of tumor growth but rose somewhat above
the normal level when the tumors had attained palpable size. All of the
above-mentioned effects of tumor growth were noted also in the pre-
cancerous stage of the methylcholanthrene-injected mice but on a re-
duced scale.
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OBSERVATIONS ON EFFECTS OF TUMOR CELLS ON
HEMOGLOBIN IN VITRO

By

R. E. Hungate

The studies of Taylor and others in this laboratory have shown a
correlation between tumor size and decrease in hemoglobin of the host.
This has been observed in the case of tumors growing in mice, in rats,
and in embryonated eggs (1, 2, 3).

In the course of studies on the culture of excised mouse mammary
carcinoma cells in Carrel flasks a difference between normal and malig-
nant cells in their effect on erythrocytes was noted. When a suspension
of erythrocytes was introduced over a plasma clot containing explanted
tumor cells, the hemoglobin in the vicinity óf the tumor explants devel-
oped a very dark color in the course of a few hours. A similar darken-
ing was not evident around explanted fragments of liver or muscle in
the same culture flask.

It was also observed that the tendency of the plasma clot to be di-
gested in the immediate neighborhood of the tumor cells was notably
decreased when the suspension of erythrocytes was present. Since a
study of these phenomena might throw some light on the mechanisms
causing hemoglobin reduction in tumor-bearing animals, a few further
observations on the tissue culture effects were made.

The absorption spectrum of the darkened area around the tumor cells
was studied by directing a pencil of intense light (sunlight or carbon
arc, V2nun. in diameter) through this region and examining it with a
hand spectroscope. The observed spectrum was similar to that of re-
duced hemoglobin. When pure oxygen was introduced into the flask the
dark area around the tumor cells was no longer distinguishable, and the
spectrum changed to that of oxyhemoglobin.

The fact that the darkened area gave the spectrum of reduced hemo-
globin and that it was reversible with increased oxygen tension shows
fairly conclusively that the color change observed was due to a conver-
sion of oxyhemoglobin into reduced hemoglobin.

It is improbable that the increased conversion of oxyhemoglobin to
the reduced form around the tissue explants is due to a greater consump-
tion of oxygen, since studies on oxygen consumption by tumor cells have
indicated that their requirements are about the same as for normal
cells (4). It is more probable that materials given off from tumor cells
caused the hemoglobin to be more readily converted to the reduced form.
In an acid medium, the equilibrium between hemoglobin and oxyhemo-
globin is shifted in the direction of an increased proportion of reduced
hemoglobin. Since lactic acid is known to be formed in considerable
quantities by tumor cells, production of this material may be postulated
as the most probable cause of this hemoglobin effect.
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EXPERIMENTS ON THE TRANSPLANTATION OF C3H AND dba
MAMMARY CARCINOMAS INTO THE DONOR AND

NON-DONOR STRAINS

By

R. E. Hungate and Hester Snider

A spontaneous mammary tumor which appeared in a breeding female
of the C3H strain of mice was successfully transplanted through two
generations of C3H males. Due to lack of an adequate supply of C3H
animals, this tumor has subsequently been carried part of the time in
incubating eggs. It has also been successfully transplanted to males- of
the dba strain of mice.

The entire history of this tumor from its appearance until its cul-
ture was discontinued is shown with solid lines in Figure 1. A few ex-
periments in which the dba mammary carcinoma 1 was implanted in
C3H mice are indicated by broken lines. "E" indicates passage of the
tumor through one generation of eggs, and the number following it is
the weight of the largest tumor obtained in that generation of eggs.
"C3H" indicates that the tumor was transplanted to a male mouse of
the C3H strain, and the figure following it is the number of days be-
tween implantation and development of a large tumor. The same is true
for "dba" except that in this case the host was a male of the dba strain.
The bar, """"," between two transplants indicates that they were both
cultured in the same mouse.

Inspection of Figure 1 shows that both the C3H and dba mammary tu-
mors grewreadily in either host. In order to compare the number of takes
and the rate of growth in the two strains the data for the C3H tumor
have been combined and are summarized in Table I. The results mdi

TABLE I

Results of Transplanting the C3 H Tumor to CBH and dba Mice

cate that, on the average, growth occurs about equally readily in the
two hosts regardless of the source of the tumor used for inoculation. A
number of the tumors were sectioned and examined microscopically. No
consistent difference in the appearance of the tumor in the two mouse
hosts could be established.

Donor of C8H tumor
C3 H mouse
C 3H mouse
dba mouse
dba mouse
egg
egg .

Recipient
mouse

C3 H
dba
C8H
dba
C8 H
dba

No.
transplants

5
2
1
4
9
7

No. takes
5
2
1
3 "
9
6

Av. time for
development0:

largetumor
(days)

24
27
30
22
32
27
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All suspensions of the C3H tumor from eggs, from C3H mice, and
from dba mice that were inoculated into C3H mice caused tumors. Two
inoculations from C3H mice into dba mice grewreadily. Six out of seven
inoculations from eggs into dba mice caused tumors, and three out of
four from dba mice into dba mice were successful. The dba mouse which
was immune to the injection of the C3H tumor from another dba mouse
was one of two mice inoculated with the same suspension. The other
mouse developed a tumor. The immune mouse was later injected with
the C3H tumor from an egg but still showed no growth. It was finally
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inoculated with the dba mammary carcinoma 1 and soon developed a
large tumor from this last injection, indicating that although resistant
to the C3H tumor it was not immune to the tumor which had originated
in its own strain.

In five instances the same suspension of tumor was transplanted in
equal amounts to both C3H and dba mice. This permitted a more accu-
rate direct comparison of the influence of the hosts. One inoculation
was from a C3H mouse and gave,equally rapid growth in both strains
of mice. One inoculation was from a dba mouse and gave tumors some-
what sooner in the dba than in the C3H mouse. Three of the inocula-
tions were from egg-grown tumors, and gave more rapid growth in the
dba in two instances, more rapid in the C3H in one instance. One of
these inoculations from an egg is of interest because of the long latent
period before development of a visible tumor in either strain of mice.
Ninety days were required in the C3H mouse and 60 days in the dba
before a definite tumor had developed. Sections of the egg tumor in-
jected into these mice showed that it contained relatively few tumor
cells and this may explain the slow growth of the tumor in mice. Even
with the few cells and with the long latent period the dba mouse ex-
hibited no signs of immunity; the tumor appeared sooner in it than in
the C3H mouse.

The evidence obtained in these few experiments suggests that the
individual animals were either relatively immune to the tumor or were
readily susceptible. All of the C3H mice were susceptible. Eleven of the
thirteen dba mice also developed tumors, but two of them were immune.
It is of interest that within a highly inbred strain of mice such as the
dba there appears to be such a marked difference in individual resist-
ance to the C3H tumor.

In two experiments the dba mammary carcinoma 1 was injected into
C3H males. In each case the C3H animal received at the same time an
injection of the C3H tumor. Both tumors grew rapidly in each of these
two mice. In the first mouse both the C3H and the dba tumor were ob-
tained from eggs and the C3H tumor grew somewhat faster. From this
mouse each of the tumors was transplanted to another C3H mouse and
in this one the dba tumor grew more rapidly. Although these two ex-
periments are too few to permit final conclusions, they suggest that the
dba tumor resembles the C3H tumor in its capacity to grow in both
strains of mice.

Two mechanisms can be suggested to account for the growth of these
tumors in both strains of mice. It is possible that they were identical
in their characteristics although arising separately in the two mouse
strains. The fact that one of the dba animals tested was resistant to the
C3H but not to the dba tumor is not in agreement with this explanation. It
indicates that the two tumors do differ in some manner. An alterna-
tive explanation is suggested by the fact that both the dba and the C3H
strains of mice have a high incidence of spontaneous mammary tumors.
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This indicates a low degree of resistance which may not be specific and
may permit growth of tumors with slightly different characteristics.

At the time that the injections of C3H and dba tumors into both
strains of mice were started they had already passed through six gen-
erations and two generations in the egg, respectively, and thus it was
not possible to determine whether culture in the egg induced a change
in specificity as is suggested by the results of Heilman and Bittner (1).
However, if mutation in the sense of, a genetic change in a single cell
is postulated to occur in the tumor during culture in the egg, it is of
interest that it should have occurred both in the G 3H tumor studied by
the above authors and in the C3H ■ tumor used in the present experi-
ments. Further study would appear desirable before concluding that a
genetic change in the tumor is responsible for its growth in both hosts.
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EXPERIMENTS ON FACTORS INHIBITING THE GROWTH
OF MAMMALIAN TUMORS IN EGGS

By

R. E. Hungate and Hester Snider

It was discovered by Murphy (1) that the Jensen rat sarcoma, when
grown in incubating eggs, tended to regress at about the 18-day stage.
He reported that immunity to the tumor cells developed at this time
and that the defense mechanisms of the chick caused an inhibition of
tumor growth. Newly-hatched chicks were immune to the tumor even
though it had been grown for several generations in the egg. Dancha-
koff (2) presented evidence that immunity to the tumors did not develop
until about two weeks after hatching. She ascribed the regression of
tumors in 18-day eggs to the fact that the organ on which the tumors
were grown, the allantois, underwent degenerative changes at this time.

During experiments on the egg culture technique in this laboratory
a number of eggs were injected in the yolk sac and one of the chicks
which hatched was found to have a small tumor which had been drawn
into the abdomen with the yolk sac. Upon sectioning this tumor it was
observed that although a few healthy tumor cells were present most of
the cells were moribund and undergoing disintegration (Fig. 1). Mixed
in with the cancer cells were normal cells which appeared to have come
from the chick. The histological picture suggested that these chick cells
might be the cause of the abnormal appearance of many of the tumor
cells. However, it cannot be excluded that the regression of the tumor
was due in part to degenerative changes in the yolk sac preceding its
absorption into the abdominal cavity of the chick—changes similar to
those described by Danchakoff for the allantois.

As a better test for immunity, six newly-hatched chicks were injected
intraperitóneally and s in the breast muscle with a suspension of dba
mammary carcinoma 1 taken directly from a mouse implant. One was
killed after seven days but no signs of tumor implantation could h% -de-
tected. Three others killed after twelve days yielded similar results.
However, two chicks killed at ten days showed nodes of tumor growth,
one in the breast only, the other in both the breast and in the body
cavity. These nodes were sectioned (Fig. 2). In their central portions
healthy tumor cells with occasional mitoses could be seen. These cells
were arranged in small separate islands but otherwise resembled in
appearance this same tumor in I'7-day eggs. This demonstration of im-
plantation and growth of cancer in hatched chicks shows that occasion-
ally full immunity is not always present even ten days after hatching.
However, in most cases injected tumor cells fail to grow in hatched
chicks. In a later experiment five chicks were injected with a suspen-
sion of tumor which had grown for nine generations in eggs. None of
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these chicks showed any signs of tumor growth when killed at three,
six, seven, ten, and eleven days, respectively, after injection.

Murphy (3) investigated the question of the mechanism of the resist-
ance to tumor cells and found that spleen and bone marrow from an adult
hen injected into an egg inhibited growth of the Jensen rat sarcoma.
He ascribed the inhibition to the cells that were introduced and in later
studies developed the hypothesis that lymphocytes were the agents of
inhibition. Stevenson (4) studied this problem and reported that tumors
were not inhibited by spleen. The excellent investigation by Dancha-
koff (2) confirmed the effectiveness of spleen in inhibiting tumor growth
in the egg, though according to her evidence the lymphocyte was not
the chief factor in resistance. In contrast to Murphy's results, she did
not observe inhibition of the Jensen rat sarcoma but was able to demon-
strate it with Ehrlich's mouse sarcoma and Crocker Foundation mouse
sarcoma 180.

We have reinvestigated the inhibition of egg-growntumors, using essen-
tially the techniques of Murphy and Danchakoff, and have used the re-
sults, together with those reported in the literature, as a basis for eval-
uating the role of chicken spleen in tumor inhibition in eggs. The dba
mammary carcinoma 1 has been used in all experiments with but one
exception.

In the first experiment the hen used to supply the spleen was immu-
nized by injecting it with mouse tumor grown in eggs. Six separate 1
ml. samples of tumor suspension containing 0.2 ml. of tumor were in-
jected into the breast muscle at intervals of one week. Thirty-one days
after the last injection the hen was killed and the spleen and liver were
removed aseptically. Each of these tissues was forced through a fine
screen in the barrel of a hypodermic syringe in a manner similar to
that use in preparing a suspension of tumor tissue, and was then washed
twice by sedimentation. Portions of the liver and spleen suspension
were mixed with portions of the tumor suspension and injected imme-
diately into eggs. Both extra-embryonic and yolk sac methods of injec-
tion were used.

T%ie rest of the suspensions of liver, spleen, and tumor were, stored
overnight in the refrigerator at a temperature between 0° ahd B°C.
Twenty-four hours later they were mixed, some fresh tumor was added,
and the resulting suspension was also injected into eggs.

The outcome of this initial trial (Table I) was in full agreement with
the results reported by Murphy and Danchakoff. The spleen suspension
exerted an inhibitory influence on the growth of the tumor cells in the
egg and a similar inhibition was not obtained with liver. The yolk and
the extra-embryonic coelom method of injection gave identical results.
In this experiment the refrigerated spleen cells were as effective as
those injected immediately after removal from the chicken, though in
some later experiments refrigeration was found occasionally to decrease
the effectiveness.
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Each repetition of this experiment has given essentially similar re-
sults. The inhibition is not always complete, but it has been of signifi-
cant magnitude in every case. No tumor over 0.1 gm. has been found
in any of the living or dead eggs which received fresh spleen. Most of
the small tumors which have been found have been abnormal in appear-
ance, their external features suggesting that many stroma and few tumor
cells were present.

A summary of experiments is shown in Table 11. In some of them the
procedure was modified by using the spleen from unimmunized chickens,

LADLiEj I

Influence of Chicken Liver and Spleen on Growth of a Mouse Tumor in the Egg

Eggs Eggs
surviving surviving
to 17 days to 17 days

Size Size
Method of tumors tumors
injection Material injected No. (gm.) Control No. (gm.)

Sxtra-
¡mbryonic
¡oelom

Fresh spleen+tumor
0 Fresh liver +tumor

1
1
2

0
0.3
0.5

oik « 0 << 2
1
1

0.2
0.8
2.3

Extra-
embryonic
coelom

Spleen refrigerated
24 hours mixed with
some fresh tumor
and with that re-
frigerated 24 hours

4 0 Liver refrigerated
24 hours mixedwith"
somefresh tumor
and with that re-
frigerated 24 hours

1
1
2

I
0
0.5
1.0

oik << 0 <« 2.0
Fresh and refrig-
erated tumor only

1
1
2
1

0.5
0.8
1.5
2.0

TAtíLfÜJ 11

Additional Experiments on Tumor Inhibition by Chicken Spleen

Expt.
no.

No. No.
eggs Av. eggs
alive size alive

Type at 17 tumors at 17
injection Source of spleen days (gm.) Control days

Av.
size

tumors
(gm.)

306 Extra-
embryonic
coelom

Unimmunized
chicken (1 year)

0.04

375a t< it tt Tumor only
Tumor + liver

7
6

0.53
0.07

352 << << (4 months) 0.01 Tumor only 1.13
374 u it tt 7 0 <c « 12 0.47

tt Chicken (4 months)
immunized to egg-
grown mouse tumor

2 << it 1.13352

tt «< 10 0.03 n u 12 0.47374
345 a Chicken (1 year)

immunized to
chick embryo

it

5

5

0.02

0

« u
Tumor + liver

5
7

2

0.98
0.50
0.35
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or from a chicken immunized with embryonic tissue from normal eggs.
In other experiments (Tables 111 and V) the spleen was obtained from
chickens immunized to mouse-grown tumor. Both young pullets (four
months old) and mature hens (one year old) have been used. Previous
immunization does not seem to increase the effectiveness of the spleen.
This indicates, as Murphy first postulated, that the inhibition is due to
a species immunity which normally appears in the chicken during its
development.

Tumor inhibition by the spleen cells may be decreased or lost if they
are stored for some time before injection. A number of experiments
have been performed in which the spleen preparation was placed in the
ice box for various periods, then mixed with tumor suspension, and in-
jected into eggs. All were extra-embryonic coelom injections. Although
the results (Table III) do not show complete uniformity, it is evident

TABLE 111

Experiments on the Effect of Refrigeration on Tumor Inhibition by Spleen
Eggs alive Control eggs (tumor
at 17 days only) alive at 17 days

Size Size
Expt. Treatment of spleen

suspension
tumors tumors

(gm.)no. Source of spleen No. (gm.) No.

326 Spleen from unim-
munized chicken
of expt. 323
(Table III)

Refrigerated 3 days
in a test tube 1*

1*

0.05
1.5
0.4

1
1
1
1*
1*

0.1
0.05
0
0.2
1.0

354 Spleen from unim-
munized chicken of
expt. 352
(Table II)

Refrigerated 1 day
in a test tube

1
1
1

1.1
0.3
1.4

1
1
1
1
1

0.7
0.5
0.2
0.3
1.2

366 " Spleen from unim-
munized chicken
(4 months)

Refrigerated 3 days
in a test tube

1
1

0.01
0.2

1
1
1
1
1
1
1

0
0.1
0.02
0.2
0.4 -0.3
0.2

375 Spleen from
unimmunized
chicken of expt.
374 (Table II)

Refrigerated 1 day
in a Carrel flask

4
1
1

0
0.01
0.1

3' 1
1
1
1

0
0.1
0.4
1.0
1.2

380 Spleen from
unimmunized
chicken of expt.
378 (Table V)

Refrigerated 4 days
in a Carrel flask

1
1
1

0.01
0.1
0.05

1
1
1
1

0
0.6
1.2
1.5

373 Spleen from Refrigerated 2 days
unimmunized in a Carrel flask
chicken of expt.
372 (Table V)

7
«s

0 1
2
1
1
1
1
1

0
0.1
0.2
0.4
0.5
1.4
2.7

*Chicks were dead when eggs were opened.
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that refrigeration of the spleen suspension may markedly reduce its
effectiveness. In the experiments in which the tumor cells were stored
in a test tube the conditions for oxygen supply were relatively unfavor-
able. The cells rested in the bottom of the test tube at some, distance
from the surface of the suspension and the surface area was small. When
more favorable conditions for respiration were supplied, as with Carrel
flasks, the inhibitory capacity was retained for a longer period. A sim-
ilar retention of inhibiting power by refrigerated spleen cells was also
mentioned by Danchakoff.

In view of the numerous studies which suggest that materials in vari-
ous types of tissue extracts may inhibit tumor growth (5, 6) it seemed
of interest to test whether the effectiveness of the spleen suspension was
due to spleen cells or to the materials in solution. Accordingly, the super-
natant solution obtained by centrifuging a suspension of freshly dis-
persed spleen cells was mixed with the tumor to be injected and its
effect compared to that of the sedimented spleen cells. The yolk injec-
tion method was employed. The results are recorded in Table IV. It
may be seen that in this experiment cells were much more effective than

the supernatant solution. In other experiments, the sera of immune and
unimmunized chickens were tested for their inhibiting effect on tumor
growth but they also proved ineffective.

The contrast between the failure to obtain inhibition with chicken
serum or with spleen supernatant and the success with the suspensions
of spleen cells substantiates the conclusion reached by Murphy and Dan-
chakoff that cells are the agent through which the immunity to the for-
eign tumor is expressed.

Stevenson apparently believed that any inhibitory effect of spleen cells
injected with tumor cells into the egg would be accomplished through
an induction of immunity on the part of the embryo. It is doubtful that
the effect of the spleen is to induce such an immune reaction, since if
the embryo possessed a capacity to develop immunity this should be
elicited by the presence of the foreign tumor itself. Stevenson (7) inoc-
ulated eggs with a small piece of tumor (3 mg.) and one of spleen (5
mg.), the two being placed side by side on the chorioallantoic mem-
brane. Under these conditions there was no inhibition of the tumor. The

Comparison of the Inhibiting Effect of Spleen Cells and the Supernatant Solution

No. eggs . Av. size
Expt. ' ' alive at tumors

no. Source of spleen Material inoculated 17days (gm.)
323 Chicken (4 months)

immunized to egg-
grown mouse tumor

Sedimented spleen
cells + tumor

6 0.05

Supernatant
+ tumor
Tumor control

4

5

0.58

1.07
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experiments of Danchakoff (2) showed that Stevenson's failure to ob-
tain inhibition was due to the method of injection. Danchakoff implanted
masses of spleen cells and masses of tumor cells side by side on the
allantois but did not mix them previous to injection. The tumor cells
within the «mass grew in these experiments,, whereas if the two kinds
of cells were intimately mixed before injection the tumors were inhib-
ited. These results point toward a direct action of the injected spleen
cells on the tumor cells as the mechanism of inhibition. When large
masses are separately implanted, it is probable that only those cells at
the surface of the spleen explant migrate to the tumor explant and
their action is confined to the surface cells of the latter. Many tumor
cells would remain spatially separated from the spleen cells and could
continue normal growth.

It is significant that Stevenson observed an accumulation of normal
cells around the tumor explant when a spleen explant was also present
in the egg and that an accumulation of similar magnitude was not en-
countered when the egg received an explant of tumor alone or of tumor
and liver. This suggests that in Stevenson's experiments also the spleen
supplied cells which tended to attack the tumor tissue, though the con-
ditions of the experiment prevented a complete inhibition. Thus, part
of the divergence in the results obtained by different investigators of
tumor inhibition in eggs by spleen can be explained by the differences
in their experimental methods. That chicken spleen can inhibit the
growth of tumors in the egg appears to be definitelyestablished.

, As a partial explanation of this action it may be supposed that since
conditions in the embryonated egg approximate the conditions in the
mature hen, the spleen cells continue to live in the egg and accomplish the
same activities which they might have pursued in the adult. Tumor cells,
being foreign to the hen, are attacked and destroyed by the spleen cells
even though the latter are no longer resident in their normal environ-
ment.

In two experiments it has been tested whether injection of spleen sub-
sequently to the tumor and at a different site would still permit the ex-
pression of its inhibitory qualities. In one experiment tumor suspen-
sion was injected into the yolk of four-day eggs and two days later a
suspension of spleen in Tyrode's solution was injected into the extra-
embryonic coelom of one-half of the surviving eggs, the other half be-
ing injected with Tyrode's solution alone. Tumors developed in both
these groups of eggs, with no significant difference between them. In
another experiment the tumor (C3H mammary carcinoma) was injected
into the yolk of five-day eggs and the spleen into the extra-embryonic
coelom one day later. In this case also there was no significant inhibition.

This failure to obtain inhibition by separate injections of tumor and
spleen contrasts with the success reported by Murphy in similar experi-
ments. However, both Stevenson and Danchakoff reported that separate
implantation of spleen failed to inhibit, and the weight of the evidence
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indicates that the spleen cells exert their effect only in close contact
and if intimately mixed with the tumor. Danchakoff observed in some
eggs that the injection of spleen called forth a generally increased
mesenchymal activity on the part of the chick and that in some cases
this could lead to a decrease in tumor growth. However, she emphasized
that the tumor cells were not actually destroyed but appeared to be spa-
tially isolated from each other and from the blood supply. It seems prob-
able, as Danchakoff suggested, that some action of this nature accounted
for the inhibition of tumor observed by Murphy when the spleen and
tumor were implanted at separate points.

Failure to obtain inhibition by the spleen when it is injected later
than the tumor, or in a different place, is probably due to the fact that
the spleen cells do not migrate through the chick tissues. When the tumor
cells are injected first, they implant, become surrounded by chick cells,
and are spatially shielded from the spleen tissue. The injection of spleen
at a different site in the egg also results in separation from the tumor
by intervening normal cells.

If the inhibition of the mouse tumor in the egg is due to a direct ac-
tion of the cells from the spleen, it would be expected that some corre-
lation should exist between the amount of spleen used and the extent
of the inhibition. The importance of the ratio of spleen to tumor cells
has been tested in three experiments, the results of which are shown in
Table V. Inspection of this table discloses that reduction of the spleen

tatrttt; v v
lAXÍLiJíi V

Experiments on the Effect of Varying the Amount of Spleen Injected
Concentra-

tion of Control eggs
spleen used. Eggs alive (tumor only)
Tumorcon- at 17 days alive at 17 days
centration Size Size

Expt. Type Source of spleen 0.2 gm./ml. tumors tumors
no. injection suspension (gm./ml.) No. (gm.) No. (gm.)

346 Yolk Chicken (4 months)
immunized to egg-
grown mouse tumor

0.2

0.1

5

5

0

0

1
1
1
1
1
1

0.3
0.8
0.5
1.0
0.4
0.7

0.033 1
1

0
0.01

372 Extra-
embryonic
coelom-

Chicken (4 months)
immunized to mouse
grown tumor

0.1

0.02

7
4

10
1
3

0
<0.01

0
0.01

<0.01

2
2
1
1
1
1

0
1.0
0.3
0.8
1.5
0.1

378 it it 0.13

0.05

6

7
1

0

0
<0.01

2
2
1
2
2
1
1

0
0.01
0.1
0.2
0.4
0.5
0.6
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from an amount equal to the tumor to one-tenth of that amount did not
significantly change the degree of inhibition. Further studies must be
made in a lower range of spleen concentration in order to determine
the minimum quantity of spleen which is effective.

In considering the mechanism by which spleen cells may act on the
tumor cells, the time factor is also of interest. Are cancer cells killed
at first contact through some sort of surface change, or is a more or
less prolonged mixing of spleen and tumor cells essential? Danchakoff
postulated that the protective cells surround the tumor cell and secrete
digestive enzymes which cause a gradual solution of the cancer cell. This
process would require a fairly long interval of time. Conclusive experi-
ments on the time necessary for action of the spleen cells have not been
performed. However, one observation shows that the killing of the tumor
cells by spleen is not instantaneous. The same mixture of spleen and
tumor cells which showed inhibition in eggs was used to inject mice.
Tumors developed in about the same time as those produced from cells
alone. This indicates that the tumor cells were alive at the time the mice
were injected. They had not been instantly killed by the mixing with
spleen in vitro. This experiment shows also that conditions in the mouse
are not suitable for an inhibiting action of the spleen cells comparable
to that which occurs in the egg. This is readily understandable since
in addition to the tumor cells all other mouse tissues are foreign to the
spleen and the latter would presumably have no selective tendency to
attack the tumor. Furthermore, the protective agencies of the mouse
would undoubtedly act upon the foreign spleen cells.

DISCUSSION

These experiments on tumor inhibition in eggs are of importance in
emphasizing a technique with which a killing of tumor cells by other
cells can be studied. The cellular immune capacities of the adult can be
transferred to an earlier stage of development which itself possesses
no resistance. There exists, the possibility that the inhibition of can-
cers, whether spontaneous or transplanted in origin, may depend upon
mechanisms similar to those which lead to tumor inhibition in the egg.
The further study of this problem appears to be of potential importance
for the control of cancer, though many of the factors concerned will
probably require extended and detailed study before their nature can
be disclosed.

SUMMARY

Analysis of experiments on the effect of chicken spleen on mouse tumor
cells injected into the egg discloses that the spleen cells always show a
tendency to inhibit growth of the tumor cells. Differences in the results
obtained by various investigators appear to be due to differences in the
injection technique that' they employed. Present results indicate that
tumor inhibition by spleen is accomplished by the living spleen, cells
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rather than substances liberated from the cells during preparation of
the spleen suspension. The capacity of the spleen cells to inhibit tumor
growth is not increased by previously immunizing the chicken against
mouse tumor.
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Fig. 1. Section Through a Regressing Mouse Tumor in the Yolk Sac of a Hatched
Chick (X 990).

Fig-, 2. Section Through a Node of Mouse Tumor Growing in a Ten-day Hatched
Chick (X 990).





DIET AND SPONTANEOUS LUNG TUMORS IN STRAIN A MICE
By

Alfred Taylor and Roger J. Williams

Numerous investigations have been made on the relation of diet to
tumor development and growth. The problem, however, is so complex
and so extensive that this type of study is still in the initial stage. The
slowness of the progress which has been made is mainly due to the mul-
tiplicity of factors which must be considered and to the fact that many
experiments in this field have to be continued for relatively long periods
of time.

Nutritional studies ,may be undertaken with reference to tumors of
spontaneous origin or tumors due to chemical carcinogens. The objective
may be limited to the effect on tumor incidence or it may be extended
to include also the effect of diet on the growth of cancer tissue. At
present it is not known just how much application can be made of re-
sults obtained with one tumor to a tumor of a different type. Hence it
is especially worth while to assemble data on the reaction of diverse
types of neoplasms to varied diets so that in time, possibly, some gener-
alizations applying to the whole cancer field may be made.

The present report is concerned with the effect of two modifications
of Purina dog chow, the original chow serving as a control, on the inci-
dence and age of appearance of spontaneous lung tumors in strain A
mice.

EXPERIMENTAL PROCEDURE

Female mice of the A strain were obtained from Bar Harbor Labora-
tories for this investigation. The mice were kept in woven wire cages
of the type which are suspended from a metal frame. A space large
enough for ten mice was. used to accommodate no more than eight. Water
was supplied through a glass tube connected with a bottle which was
clamped to the ouside of the cage. Food was provided ad libitum in a
special container which was suspended above the cage floor and which
was so arranged that the mice obtained their food with a minimum of
contamination.

Animals about ten weeks old were divided into three comparable
groups. Group 1 consisted of 35 mice having an average initial weight
of 21.1 gm. These mice were placed on the control diet which consisted
of Purina dog chow checkers. According to a factory analysis this ration
is made up of crude protein 21 per cent, crude fat 4 per cent, fibrin 6
per cent, NFE (nitrogen free excess) 46 per cent, ash 9 per cent. The
same source lists the ingredients of the food as follows: riboflavin con-
centrate, carotene, barley malt, dried skimmed milk, Brewer's dry yeast,
wheat germ, dried beet pulp, molasses, corn grit, meat meal, soybean
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oil meal, cereal feed (corn and wheat), cod liver oil, 1 per cent steamed
bone meal, 1 per cent iodized salt. According to an analysis carried out
in our laboratory a sample of Purina dog chow contains the following B
vitamins in gammas per gram: thiamin 3.7, riboflavin 5.7, nicotinic acid
39.0, calcium pantothenate 14.0, inositol 1620, pyridoxine 2.1, 1 biotin 0.10,
folie acid 0.71.2

Group 2 consisted of 40 mice having an average initial weight of 21.3
gm. These animals were placed on a diet which consisted of Purina dog
chow to which was added several B vitamins to an excess of 5 times
the B vitamins contained in the control diet. The ration was made up
as follows: To every 5 kg. of powdered Purina chow was added thiamin
0.150 gm., riboflavin 0.195 gm., nicotinic acid 1.121 gm., calcium panto-
thenate 0.300 gm., inositol 15.8 gm.,pyridoxine 0.040 gm. and choline 3.00
gm. These ingredients were ground together in, a ball mill until the
mixture was homogeneous.

Group 3 consisted of 34 animals having an average initial weight of
20.7 gm. These mice were put on a diet which was made up of pow-
dered Purina dog chow 50 per cent, Argo corn starch 44 per cent, vita-
min-free casein 5 per cent, a salt mixture 1 per cent. The composition
of the salt mixture was as follows: CaCO3 54.3 per cent, MgCO3 2.5 per
cent, MgS0 4 1.6 per cent, NaCl 6.9 per cent, XCI 11.2 per cent, XH2PO 4

21.2 per cent, FePO4 .4H2O 2.05 per cent, XI 0.008 per cent, MnS04 0.035
per cent, NaF 0.1 per cent, A1 2 (SO4) 3 .K2SO 4 0.017 per cent, CuS04 0.09
per cent (1).

The mice were weighed at intervals during the first ten months of the
experiment.

Usually mice bearing lung tumors manifested external symptoms such
as loss of weight so that these animals could be killed, autopsied, and
samples of the tissue fixed for histological study. Frequently, however,
the animals were found dead in their cages and diagnosis was made by
gross examination. Whenever there was any doubt about the condition
of the animal, its death was attributed to causes other than lung tumor.

The experiment was continued a total of 21 months.

RESULTS

The results are summarized in Tables I and 11. By the time ten months
had elapsed, 49 per cent of the control group had developed lung tumors.
During the same period 45 per cent of the ''excess vitamin" group were
found to have lung tumors. In contrast to these mortality figures, only
32 per cent of the group on the "dilute" ration had developed tumors.
At the time the experiment was discontinued the tumor incidence of
the three groups was Group 1, 60 per cent; Group 2, 72 per cent; Group
3, 47 per cent.

iThis assay value is doubtless too low, but this information was not available when
the feeding experiment was planned.

2ln terms of material with potency 40,000.
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The average age at which tumors were found was in Group 1, 8 months;
Group 2, 11 months; Group 3, 10 months. The average age for deaths
from .causes other than tumor was Group 1, 16 months-; Group 2, 11
months; Group 3, 13 months.

The effect of the diet on the weight of the animals is shown in Table
11. It will be noted that there was a tendency for the animals on the
vitamin excess diet to be underweight as compared with the controls in
the first few months of the experiment. The group on the "dilute" Purina
ration consistently averaged about 2 gm. underweight during most of
the experiment.

DISCUSSION

The evidence now available indicates that a restriction in calorie in-
take is associated with a lowered incidence of the spontaneous tumor to
which the, animal is susceptible (2, 3). In the present work, the group
on the diet which definitely depressed the average weight of the mice
had a'lower incidence of spontaneous lung tumors, 47 per, cent, as com-
pared to 60 per cent for the controls. Figures on the food intake of
these mice were not obtained but since the vitamin content of the ration
was below the optimum, the utilization of certain food elements could
have been restricted and the net effect may have been comparable to
that resulting from low calorie intake. The total life span of the ani-
mals of this group was not increased nor was there any particular
delay in the average time at which tumors appeared. Apparently the
animals on the low vitamin diet were less resistant to diseases other

TABLE I

The Effect of Diet on Spontaneous Lung Incidence in Strain A Female Mice
Average

age Tumor Average
Averageage non-tumor , deaths age

Total Tumor tumor deaths Non-tumor deaths % total survival
Diet mice deaths (months) deaths (months) mice (months)

'urina 35 21 8 14 16 60 11.2
'urina + 500%
B Vitamin ~~ 40 29 11 11 11 72 11.0

(ilute Purina - 84 16 10 18 13 47 11.6

TABLE II

Effect of Diets on Average Body Weight

Ay. wt. "excess Av. wt. dilute
Date of weighing Av. wt. mice vitamin" mice Purina, mice
(weeks after diets onPurina minus av.wt. minus av.wt.

begun) (gm.) controls (gm.) controls (gm.)
O-,
3, - _
7
9 -
;8
;9

21.0
22.0
24.1
24.2
26.2
26.7

+0.3
—0.5
—0.7
—0.9
—0.1
+0.4

—0.3
—1.8
—2.2
—2.0
—1.3
—2.1
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than lung tumor. In the competition between tumors on the one hand
and other causes of death on the other, there was a tendency for more
animals in the low vitamin group to die of non-tumorous causes. Early
in the experiment, deaths from causes other than lung tumor rose in
the low vitamin diet group and remained higher than the controls until
the experiment was terminated.

The effect of excess B vitamins, in the diet was to increase tumor inci-
dence from 60 per cent to 72 per cent,, In this instance the relationship
to changes in body weight was the reverse of that observed in the low
vitamin group since, as Table II shows, the "excess vitamin" group tended
to be underweight during the first half of the experiment. It will be
noted from Table I that the average time for the appearance of lung
tumors in the "excess vitamin" group was three months later than in
the controls. However, the mean age of death in all three groups was
very nearly equal, being 11.2 months for the controls, 11.0 for the "ex-
cess vitamin" group, and 11.6 for the animals on the low vitamin diet.

The data offer some basis for the conclusion that tumor incidence was
lower in the deficiency diet group because of an increase in deaths due
to other causes, and the tumor incidence was higher in the "excess
vitamin" group because they were more resistant to non-tumorous
diseases.

SUMMARY

Mice of the A strain were divided into three groups and maintained
on the following rations: A group of control animals were fed Purina
dog chow. A second group was fed the same ration plus a supplement
of 5 times the B vitamins contained in this diet. A third group was
given a low vitamin diet made up of Purina dog chow "diluted" with
an equal amount of a mixture of corn starch, casein, and mineral salts.

The "vitamin excess" group had a lung tumor incidence 20 per cent
above that of the controls. The animals on the low vitamin diet were
21.67 per cent less susceptible to lung tumors than'the controls. The aver-
age life span for all groups was the same.

The data suggest that the higher tumor incidence in the "excess
vitamin" group was due to the fact that these animals were less sus-
ceptible to non-tumorous diseases while the vitamin deficiency animals
had a lowered tumor incidence because these mice were more suscep-
tible to diseases other than cancer.
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A STUDY OF FOLIC ACID DISTRIBUTION WITH RESPECT TO
ITS POSSIBLE RELATIONSHIP TO CANCER

By

Yen Hoong Loo and Roger J. Williams

There are a number of independent observations which suggest that
a study of the relationship of folie acid (1) to cancer may be fruitful.
An extended study of the distribution of eight B vitamins in normal and
cancer tissues has been made (2, 3) and comparisons between cancer
and normal tissues have shown that of all the B vitamins studied folie
acid is relatively the most abundant in cancer tissue. The similarity in
the content of B vitamins in cancer tissues, regardless of the host organ-
ism or site of appearance or means of induction, seems to be consistent
and therefore significant (4), and the position of folie acid as relatively
the most abundant B vitamin seems to be worthy of careful study.

The finding of Leuchtenberger and coworkers that the injection of
folie acid in minute doses has a striking inhibiting effect on the growth
of implanted tumors in mice (5) emphasizes the possibility that folie
acid may be of unusual importance in cancer research. Inasmuch as
xanthopterin is thought to be structurally related to folie acid (6), the
reported presence of increased amounts of this substance in the livers
and kidneys of patients with malignant tumors (7) enhances the interest
in folie acid relationships. Coupled with these observations are the anti-
anemic effect of folie acid in chicks1 and the demonstrated connection
between malignancy and anemia (8, 9, 10, 11).

It seems too early to attempt to develop any comprehensive theory or
hypothesis to account for the known facts with respect to folie acid in
relation to cancer. These may appear on the surface to be contradictory
because the information is too scanty. We are concerned with exploring
the relationships which should ultimately be of aid in developing useful
hypotheses or theories.

PRELIMINARY STUDY OF ASSAY METHODS AND ADAPTATION TO A
"SUB-MICRO" SCALE

In order to enhance the possibility of discovering interesting leads,
assays were made using two organisms: Streptococcus fecalis R (Strep-
tococcus lactis R or RGIA), the organism used primarily in the study of
the concentration of folie acid from spinach (1, 12), and Lactobacillus
casei, which was used in the earlier studies of Snell and Peterson (13)
and which has also been used in other laboratories (14, 15, 16). These
two organisms react differently toward certain isolated nutrilities and

lUnpublished observations of R. L. Lane and W. W. Meinke in this laboratory.



The University of Texas Publication124

it was hoped that the use of the two organisms might throw new light
on the nature and distribution of folie acid and closely related substances.

In case it should be necessary to assay minute samples, the microbio-
logical method for folie acid was adapted to a "sub-micro" scale by
growing the cultures in the depressions in white porcelain spot plates
and titrating the acid produced with 0.1 N NaOH delivered by a Kirk
microburette (17). The procedure followed was a close adaptation of
"Method B" as outlined for the assay of pantothenic acid (18). The end
point in the titration was determined either eletrometrically, using a
saturated calomel half cell and a quinhydrone electrode, or colorimetri-
cally, using bromthymol blue as the indicator.

The composition of the folie acid-free basal medium is given in Table
I. This is a modified medium similar, however, to the media used by

*A mixture of all of the ammo acids may be substituted for casein digest,

Mitchell and Snell (19), Landy and Dicken (20), and Luckey, Briggs,
and Elvehjem (21) and was found in preliminary investigations to be
satisfactory for both organisms. Labco vitamin-free casein was repre-
cipitated according to the procedure of Landy and Dicken (20), then
hydrolyzed with hydrochloric acid and treated with Darco G-60 char-
coal at pH 3 as directed by Mitchell and Snell (I'9). Pyridoxine hydro-
chloride was omitted from the stock solution of B vitamins and was
added to the medium just prior to use. A sterile solution of glucose was
added aseptically to the sterile medium just before inoculating.

X .riJLJJLJ-L^ X i

Basal Medium for Folie Acid Assay

Concentration per 5 ml.
Assay organism

Constituent S. fecalis R L.casei
"-'Casein digest ~—-— 50 mg. 100 mg.
1-Tryptophane - ¿ - 1 mg. 2 mg.
1—Cystine - ■ 1 mg. " 2 mg.
Asparagine 2 mg. 2 mg.
Uracil L'- —-, 0.1 mg. , 0.1 mg.
Xanthine ~ — 0.1 mg. , 0.1 mg.
Adenine sulfate _: -. "- 0.1 mg. 0.1 mg.
Guanine hydrochloride _:■. - 0.1 mg. , 0.1 mg.
Thiamine hydrochloride - 2 microgm. 4 microgm.
Riboflayin _Ll ■—¡_... - - - 2 microgm. 4 microgm.
Nicotinic acid —:j 6 microgm. 12 microgm.
Calcium pantothenate 4 microgm. 8 microgm.
Pyridoxine hydrochloride . - 12 microgm. 100 microgm.
Biotin (free acid) - --:.- ,-, - Ll 0.004 microgm. 0.008 microgm.
p-Aminobenzoic acid - 1 microgm. 1 microgm.
Sodium acetate (anhyd.) - - ,- 20 mg. 100 mg.
K2HPO 4 -.:;...„.:.- . 25 mg. IO mg.
KH2PO4 -— - .- 25 mg. 10 mg.
MgSO4.7H2O _,....-_„ ,. 2 mg. 4 mg.
NaCl . 0.1 mg. 0.2 mg.
FeSO^HsO L,.. '. .,_.„_.._ . 0.1 mg. 0.2 mg.
MnSo4.4H8O ....-.....—.— ...... ..... 0.1 mg. 0.2 mg.
Glucose : ..... _.._.. 100 mg. 200 mg.
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Representative titration values resulting from the addition of indi-
cated amounts of standard "Liver Fraction B" to cultures of the two
organisms are given in Table 11. It may be noted that method is sensi-
tive enough so that the extract from a few micrograms of tissue will
cause a measurable response.

TABLE II

Titration Values Resulting from Addition of Standard "Liver Fraction B" to Cultures
of S. fecalis and L. casei

TitrationAmt. "Liver Titration Titration
Fraction B" S.fecalis L. casei
per culture (3 days) (3 days)

A study was made of various folie acid concentrates which had been
obtained in the fractionation of spinach extracts (12), making compari-
sons with regard to their potency when tested upon the two organisms,
using crude "Liver Fraction B" as a standard material with potency^of
unity. The findings resulting from this study will not be presented in
detail but may be summarized as follows: (1) Most fractions obtained
from spinach were found to be somewhat less active comparatively for
L. casei than for S. fecalis. In other words, the "Liver Fraction B"
appeared in general to be more active relatively for L. casei than for
S. fecalis. (In all tests of this type where comparisons are made with
a crude mixture such as "Liver Fraction B" non-specific constituents of
the crude mixture which is used as the standard, as well as those present
in the extracts tested, may be effective in altering the values obtained.
This fact should be considered in interpreting results). (2) Fractions
obtained from spinach in the procedure outlined (12) which were pre-

cipitated by lead and silver from approximately neutral solution were
distinctly less active comparatively for L. casei than for S, fecalis and
averaged about 60 per cent as active when "Liver Fraction B" was the
standard material. Those cruder fractions which had not been precipi-
tated with lead and silver were on the average about 80 per cent as
active for L. casei when tested and calculated in the same manner. There

were no observations which led to the conclusion that wholly different

O :
O
0.2 -0.4
0.6 . --
0.8
1.0
1.2 :
1.4
1.6 -1.8 -2.0 -2.4 .
2.8
3.2
3.6
4.0

55
55
90

120
150
170
190
210
235
255
275
290

100
100
160
220

285

355

425
460
490
520
550
550
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principles were involved in the growth stimulation of the two organ-
isms. The results seemed to fall in line with the supposition that a sin-
gle active principle, which we have called folie acid, is the effective agent
for both organisms but that the tests for it are not entirely specific and
furthermore that folie acid is subject to slight modifications in struc-
ture which modify its physiological effects (22).

ASSAYS OF TISSUES FROM NORMAL AND CANCER-BEARING RATS
Preparation of tissues.—White female Wistar rats from the stock col-

ony of this laboratory, fed Purina dog chow ad libitum, were divided
into two groups. One group served as controls, while Walker 256 rat
carcinoma transplants were made in one of the hind limbs of the other
group.

Ten days after injection of the tumor suspension, the rats, weighing
approximately 125-150 gm., were stunned, decapitated, and the liver,
kidneys, spleen, tumor, and gastrocnemius muscles removed. The tissues
were frozen in carbon dioxide1 snow and pulverized with a mortar and
pestle. Samples were weighed into sterile tubes.

To liberate folie acid two procedures were used: (1) The tissues were
digested with a weighed amount of Clarase equal to 2 per cent of the
weight of the tissues in acetate buffer of pH 4.5 in accordance with
previous work from this laboratory (23). (2) Digestion was carried
out as before except, that the buffer used was a mixture of equal vol-
umes of phosphate buffer pH 7 and 8 per cent sodium chloride solution
in accordance with the procedure of Wright and coworkers (23a). The sus-
pension was covered with a layer of benzene and incubated at 37° C.
for 48 hours. To stop enzymatic action and to remove the benzene, the
digests were steamed for 30 minutes. After cooling, they were made up
to volume and filtered by suction through a thin layer of filter»eel be-
tween two sheets of filter paper. Appropriate dilutions of these digests
were made for microbiological assay.

The results of the assays are summarized in Table 111. While mois-
ture determinations were made on the tissues, the values in the table
are expressed in terms of moist weight. The percentage of water in
liver, kidney, spleen, and muscle ranged only from 73.0 to 80.3 per cent
and that of the tumors from 82.9 to 85.1 per cent.

In comparing the responses of the two organisms the following obser-
vations ' may be made: Kidney tissues seem to be consistently slightly
richer when assayed in the manner indicated, using S. fecalis, than when
L. casei is used. The reverse appears to be true of spleen tissue. The assay
value of liver tissue, using digestion in the presence of phosphate-sodium
chloride buffer, was definitely higher when S. fecalis was the test organ-
ism used.

Comparison of the contents of the tissues of normal and tumor-bear-
ing rats yield the following observations: The content of the kidneys
is not consistently different for the two groups. The concentration in
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the spleens of cancer-bearing rats is lower. However, the spleens were
enlarged (average, weight 1.3 gm. as compared with 0.4 gm. for con-
trols) so that the total folie acid in the spleens of cancer-bearing rats
was about double that in the spleens of normal rats. If the digestion in
acetate buffer is taken as the standard, the livers of cancer-bearing
rats are about twice as rich as those of normal rats, whereas if the
digestion in phosphate-sodium chloride buffer is used, the content of
normal livers appears about double' that of the livers of cancer-bear-
ing rats.

Comparison of the release by digestion in the two buffers indicates:
(I)1 From normal liver the phosphate-sodium chloride buffer causes
2-4 times as much release as the acetate buffer. (2) From livers and
kidneys of cancer-bearing rats the two buffers yield about the same re-
sults. (3) From normal kidney, normal spleen, "cancer" spleen, and
"cancer" muscle the acetate buffer caused greater release in about the
percentages 20-30, 30-35, 40, and 55, respectively.

Digestion of normal liver in the presence of phosphate and sodium
chloride gave variable results. In'series 2 (Table III) the livers of the
normal animals contained a significantly greater concentration of folie
acid (using maximum values, phosphate digestion) than those of the
rats with tumor transplants. Later, when four animals, two controls
and two with Walker tumors, were picked at random from the stock
colony and their tissues digested in the phosphate-sodium chloride
medium, no great difference in the folie acid content of the liver of
these two groups was noted. Considering the fact that the livers of the
cancer-bearing rats were enlarged (average weight of normal group, 7.4.
gm.; of group with tumor, 10.Í gm.), these animals were not deficient in
total amount of folie acid.

The concentration of folie acid in the muscle adjacent to the implanted
tumor was found to be as high as that of the muscle of the normal hind
limb, indicating that the growing tumor does not deplete the surround-
ing.tissue of its supply of this vitamin.

FURTHER STUDY OF THE ENZYMATIC RELEASE OF FOLIC ACID
FROM TISSUES

It will be noted that there are irregularities in the results which can-
not be accounted for on the basis of any simple hypothesis. For example,
in the assay of livers of the eight rats in series 2 using S. fecalis as the
test organism and the acetate buffer as the digestion medium, the values
are 7.5 and 13.5, respectively, for normal and cancer-bearing rats. If
the phosphate buffer is used, the corresponding values are 27.5 and 12,
respectively. These differences are far outside the range of experimen-
tal error and each group tested individually was relatively consistent
within itself.

Various possibilities which might enter into hypotheses to account for
the differences are: (1) the destruction of folie acid in the presence of
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normal liver tissue in the acetate medium, (2) the synthesis of folie acid
from inactive substances in the presence of normal liver in the phos-
phate medium, (3) the presence of folie acid in a different type of com-
bination in normal liver than in the liver of a cancer-bearing rat, and
(4) the presence in normal and "cancer" livers of distinctive enzymes
which affect the release of folie acid differently in the two cases. Each
of these possibilities involves a difference between normal rat livers and
the livers of rats bearing cancers.

The experiments which are described below were performed to test
out the above possibilities and to ascertain if possible a satisfactory
explanationof the differences noted.

A few minor changes were made in the general procedure in these
later experiments, namely, (1) a mixture of pure ammo acids as used
by McMahan and Snell (24) replaced the casein hydrolysate in the cul-
ture medium, (2) the tissues were not frozen and were either minced
with a pair of scissors or ground by an electric grinder, and (3) the
digestion periods were varied slightly as indicated.

-In one experiment designed to test the ability of normal liver tissue
to effect the destruction of folie acid in acetate medium the livers were
removed from one normal and one rat with a Walker tumor transplant,
and ground. After digestion with Clarase in acetate medium for 42
hours, a folie acid concentrate (from spinach) was added in an amount
equal to twice that present in the tissue. The mixture was then incu-
bated for 24 hours longer. Two sets of controls were used, one of liver
tissue without added folie acid and the other the spinach concentrate
without the liver tissue. Each was incubated with Clarase for a total
of 86 hours and assayed. The calculated recoveries of folie acid under
different conditions are presented in Table IV. They give no evidence
for the destruction or inactivation of folie acid by normal (or abnor-
mal) liver in the acetate medium.

It is conceivable that tissue folie acid may undergo destruction uncjer
conditions which would not affect a folie acid concentrate from spinach.
This possibility as well as that of the synthesis of or liberation of extra

TABLE IV

Tests on the PossibleDestruction of Folie Acid by Normal Liver Tissue
Per cent recovery

of folie acid
Assay organism

Description S.fecalisß L. casei

Normal liver + Clarase in acetate -f spinach concentrate pH 4.5 _. 101 108
Normal liver + Clarase in POi-NaCl + spinach concentrate pH 7 107 106

*Steamed normal liver+ Clarase in acetate.+ spinach concentrate 91
fCarc liver + Clarase in acetate + spinach concentrate 97 105

fCarc. liver + Clarase in PO*-NaCl + spinach concentrate— 110 105

*Steamed fCarc. liver + Clarase in acetate + spinach concentrate 90

*The tissue was steamed for 30 minutes before digestion with Clarase,

fLiver from rat with Walker carcinoma.
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folie acid from normal liver in the phosphate buffer were studied in the
experiments outlined in Table V. In these experiments the digestion
period was 72 hours.

TABLE V

A Comparison of Different Methods for the Liberation of Folie Acid from Rat Liver

Description
1. Autolysis in H2 O at natural pH
2. Autolysis in PO*-NaCl atpH 7
3. Autolysis in acetate buffer at pH 4.5
4. Digestion with Clarase in H2 O .__

5. Digestion with Clarase in POi-NaCL,
6. Digestion with Clarase in acetate j

7. Digestion with Clarase and Pancreatin
(Com.) in PCVNaCI. í

8. Liver steamed for 30 mm., then incu-
batedwith acetate

9. Steamed liver + Clarase in acetate
10. Steamedliver + PO^-NaCl
11. Steamed liver + Clarase in PO<-NaCl -12. Hydrolysis with 1 N EUSO* for 1 hour

at 15 lbs. pressure . .
13. Acid digest No. 12 neutralized, again

treated with 1 N H2 SCm for 1 hour
at 15 lbs. pressure. .

14. Clarase-PO*-NaCl digest, sample 5,
treated with 1 N H2 SO< for 1 hour
at 15 lbs. pressure.

Folie acid in áli-
Folie acid in ali- quots of a liver
quots of a nor- of ratwith

mal livér Walker tumor
Assayorganism Assay organism

S. fecalis R L. casei S. fecalis R' L. casei

0.30 0.30 0.60 0.42

0.22 0.44

0.25 0.22

For the purpose of throwing further light on this problem, including the
possibility of the existence of distinctive enzymes in normal or "cancer"
livers, the assays indicated in Table VI were carried out. The liver, kid-
ney, spleen, and muscle tissue from a normal and a cancer-bearing ani-
mal were assayed after digestion carried out in the following ways: (1)
autolysis, (2) with Clarase, (3) with liver enzymes, and (4) with a com-
bination of Clarase and liver enzymes. All of the tissues were minced
with a pair of scissors, and aliquots were suspended in the phosphate-
sodium chloride buffer. Fresh liver tissue when used to furnish liver
enzymes was added in an amount equal to 1/10 the weight of the tissue
to be digested. For the assay, L. casei was employed. In the calculation
of the concentration of folie acid in the samples, a correction was made
for the content of folie acid in the Clarase preparation and in the amount
of liver tissue used to furnish digestive enzymes.

Examination of the results in Tables V and VI reveals no evidence of
destruction of folie acid in the acetate medium under the conditions used.
Neither is there evidence for synthesis of folie acid through the agency of
normal liver enzymes, which possibility was earlier suggested by Wright
and Welch (25). This problem requires further study. ¡

Our data are in accord with the view that the increased amount of
folie acid found in the liver when it is digested with Clarase in the phos-
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TABLE VI

Effect of Rat Liver Enzymes on the Folie Acid of Other Rat Tissues
Folie acid

Description L- casei assay
1, Normal kidney, autolysis r 6.2
2. Normal kidney + Clarase 10.2
3. Normal kidney + normal liver enzymes—.' 1 11-2
4. Normal kidney + normal liver enzymes + Clarase — 15.2
5. Normal kidney + *Care. liver enzymes — 13.4
6. Normal kidney + Care, liver enzymes + Clarase . I—:_ 16.7
7. Normal spleen, autolysis — 0-82
8. Normal spleen + Clárase 1— 2.3
9. Normal spleen + normal liver enzymes _— 0.75

10. Normal spleen + normal , liver enzymes + Clarase — 3.2
11. Normal gastrocnemius muscle, autolysis 0.05
12. Normal muscle + Clarase - 0.85
13. Normal muscle -j- normal liver enzymes Ü 0.00
14. Normal muscle + normal liver enzymes + Clarase .; :- ' 0.76
15.. Care, kidney, autolysis 5.5
16. Care, kidney -J- Clarase .;_, —- 9.0

5.5

17. Care, kidney + normal liver enzymes __; 12.2
18. Care, kidney -f- normal liver enzymes +■ Clarase .' 13.9
19. Care, kidney -f- Care, liver enzymes + Clarase 16.8
20. Care, spleen, autolysis : . ~- 0.4
21. Care, spleen + Clarase 2.0
22. Care, spleen+ normal liver enzymes '■. ~ 0.8
23. Care, spleen+ normal liver enzymes + Clarase .. 3.2
24. Walker tumor, autolysis r 0.32
25. Walker tumor -\- Clarase 1 : 1.5
26. Walker tumor + normal liver enzymes ..—.'_ : 0.40
27. Walker tumor -j- normal liver enzymes -f- Clarase ;. : : 2.0
28. Normal liver, autolysis . . 10.5
29. Normal liver+ Clarase . : 14.5
80. Autoclaved normal liver+ Clarase - 7.2
31. Autoclaved normal liver -j- Clarase + fresh normal liver enzymes — 17.5
32. Autoclaved normal liver+ Clarase + Care, liver enzymes - 25.8
33. Care, liver, autolysis 14.2
34. Care, liver + Clarase :.__„ . 15.5
35. Autoclaved Care, liver -f- Clarase___. ■_ . 2.5
36. Care, liver+ normal liver enzymes , : „ 21.0
37. Care, liver + normal liver enzymes + Clarase _■ 20.6
38. Autoclaved Care, liver + normal liver enzymes + Clarase 13.5

*The abbreviation Care, is used to designate the tissues taken from a rat with
Walker carcinoma.

phate buffer may be the result of the liberation of bound folie acid not
freed in the acetate medium. That folie acid in the various tissues studied
is not bound by the same linkage is shown by the variation in their be-
havior when digested with different enzymes.

Folie acid in skeletal muscle, spleen, and tumor tissue is freed most
signiftacvtly by Clarase (Table VI, cf. 7, 8, 9, 10; 11, 12, IS, 14; 2,4, 25;
26, 27). Enzymes in normal liver and that of the cancer-bearing animal
are as active as Clarase in liberating folie acid from kidney (Table VI,
cf. 1, 2, 3, 5; 15, 16, 17, 18, 19).

The folie acid in the liver of the tumor-bearing animal (but not in
the normal; see below) is set free by its own enzymes in this tissue.
Autolysis liberates as much folie acid as digestion with Clarase (Tables
V and VI). Autoclav^ng (Table VI) or steaming (Table V) to destroy

the tissue enzymes reduced the released folie acid concentration to a very
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low level even though Clarase was present in the digestion mixture. There
was no significant difference between the acetate and the phosphate-
sodium chloride medium for.the activity of the liver enzymes (Table V,
2, 3,) of the cancer-bearing animal.

In contrast, the highest concentration of folie acid in normal liver is
obtained by the combined action of Clarase and liver enzymes (Table
VI, 28, 29, 30, 31, 32) in the phosphate medium. In the acetate medium
the yield of this vitamin is low (Table V, 5, 6).

These results seem to indicate that folie acid in tissues is bound in
at least three different ways, though other interpretations involving dif-
ferences in the enzymes present are not excluded. One type of linkage
is attacked by Clarase, another by liver enzymes in either the acetate or
phosphate-sodium chloride medium, while the third is broken by the com-
bined action of Clarase and liver enzymes in the phosphate but not in
the acetate medium. The liver from a cancer-bearing rat can liberate
folie acid bound by this third type of linkage (Table VI, cf. 30, 31, 32),
indicating that the tumor-bearing animal does not lack the necessary
enzymes, but rather this particular form of folie acid.

In the liver of both normal and cancer-bearing rats there is a small
acid and* heat stable fraction which promotes the growth of S. fecalis R
and L. casei (Table V, 12, 13, 14).

It should be noted that regardless of the method of digestion, S. fecalis
R and L. casei assays of liver gave approximately the same folie acid
values (Table V), suggesting that folie acid is fundamentally one sub-
stance, a view in harmony with the work of the group at Parke, Davis
and Co. on yeast and liver folie acid (26).

A study of the effect of storage on the folie acid content of liver tis-
sues was made and the results, are given in Table VII. True compari-
sons cannot be made unless freshly obtained tissues are assayed, since
storage may decrease the content by as much as 70 per cent.

*The abbreviation Care, is used to designate tissues from the animal with a Walker
tumor transplant.

f Tissue was sampled on ths same day that the animal was killed.
$Tissue was placed in a sterile dish and stored in the freezing unit of the refrig-

erator for 12 days before sampling.

Effect of Storage on the Folie Acid Content of Rat Liver
Folie acid in nor- Folie acid in

mal liver *Carc. liver
L. easei assay L. casei assay

Description fFresh JStored fFresh ¿Store.
.utolysis in acetate medium _ : v 6.6 5.8 12.9 9.5
"igestion with Clarase in acetate, 8.0 7.2 10.5 llló
.utolysis in PO*-NaCl -7.1 6.0 14.8 5^5
"igestion with Clarase in POi-NaCl 14.5 5.0 17.0 8.5
issue steamed 30 min., then suspended in
PO*-NaCl . 3.5 9.5 2.3 10.0
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SUMMARY AND CONCLUSIONS

A study of the content of folie acid in tissues using L. casei and S.
fecalis R seems to bear out the supposition that one substance is present
which stimulates both organisms. As measured by their growth response
in the presence of all the crystalline B vitamins and their known required
nutrilities, folie acid in liver, kidney, spleen, skeletal muscle, and tumors
of normal and cancer-bearing rats is equally active for the growth of
these two organisms. Regardless of the mode of liberation of this vitamin
from the liver of these two different groups of animals, the response of
L. casei and S. fecalis R to the folie acid present in the tissue is approxi-
mately the same.

The tissues of the rats with Walker tumor transplants are not deficient
in total folie acid.

The results of this investigation may be most readily interpreted on
the basis of a difference in the bonds by which folie acid is bound in
tissues. One type of linkage, found in spleen, skeletal muscle, and tumor
tissues, is hydrolyzed by Clarase; another type, found in the liver of
the normal and cancer-bearingrat, is acted upon by liver enzymes; while
the third type, found in normal liver, is broken by the combination of
Clarase and liver enzymes in a medium containing a pH 7 phosphate
buffer and 4 per cent sodium chloride but not at pH 4.5 in an acetate
buffer. Folie acid in kidney is released by either Clarase or liver enzymes.

Significant and striking differences between the behavior of the folie
acid in the livers of normal and cancer-bearing rats have been found.
Digestion with Clarase in a phosphate-sodium chloride buffer releases from
normal liver much more folie acid than digestion in acetate medium. This
is not true for livers from rats bearing Walker tumor transplants.
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