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BIOLOGICAL PHENOMENA OF GROWTH 29

petuated by successive transplants for some forty years. Normal
tissue has never been similarly perpetuated by successive trans-
plants from host to host. It is hard to see how these facts can be
interpreted in any other way than by supposing that tumor cells
have acquired, by mutation, a hereditary capacity for growth not
possessed by normal cells.

Once tumors have developed and been transplanted, mutational
changes continue to occur in them. Perhaps the simplest demon-
stration of this is the almost universal observation that trans-
plantable tumors speed up in their rate of growth during suc-
cessive transplants. The change is usually gradual, but MacDowell
has reported an interesting case of a tumor that up to the
eighteenth transfer required some ten to twenty days to kill the
host and then suddenly, with the nineteenth transfer, acquired a
new virulence such that it killed in an average of about five days.
For several generations prior to this increase in virulence, it was
observed that the proportion of large, as compared with small,
leukemic cells underwent a progressive increase, the high propor-
tion of large cells being thereafter maintained. This transplantable
tumor therefore showed both a visible, self-perpetuating change
in cell type and an inherited increase in virulence.

A number of years ago, Dr. Little initiated a series of studies
in the genetics of tumor transplantation, mostly carried out at the
Jackson Laboratory, which, among other things, shed interesting
light on the mutation process in transplantable tumors. In dis-
cussing these studies, it is necessary first to review briefly certain
basic facts in regard to tumor transplantation. First, a tumor aris-
ing in an inbred strain will show 100 per cent growth in the strain
of origin. Second, the tumor, with rare exceptions, will not grow
at all, or will produce a small growth followed by regression, in
any inbred strain other than the strain of origin. Third, the tumor
will grow 100 per cent in the first-generation offspring from a
cross between the susceptible and the resistant strain. Fourth, in
the second hybrid generation, and in the backcross generation pro-
duced by mating the F, hybrid to the resistant parent, the tumor
will grow progressively in some of the animals but regress or fail
to grow entirely in others, The proportion of susceptible animals
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tions by which tumors originally arise? Some light is shed on this
question by investigations made by Earle at the National Cancer
Institute. For a long period, he carried, by the tissue-culture tech-
nique, a number of strains of subcutaneous mouse fibroblasts,
some of which were treated with carcinogens while others were
left untreated. These were originally entirely normal, noncancer-
ous cells. With the passage of time, characteristic changes occurred.
In certain cases, they showed a greater tendency to cohere laterally
to other cells; in others, great numbers of giant cells appeared.
There was also a tendency for the mitochondria to become progres-
sively more numerous, more slender, and shorter. All of these
changes were irreversible; there was no suggestion of reversion of
the cells in any of the strains to their normal design.

After a certain period of culturing, cells of each strain were
inoculated into mice. Whereas no normal tissue ever grows
progressively when transplanted, all of these cultured strains of
originally normal cells were able to grow progressively in their
host. They had acquired the essential characteristics of a trans-
plantable tumor. Here, in cells grown in vitro, we find a process
of mutation at work that gives rise to a strain of tissue essentially
cancerous in its characteristics.

We cannot say definitely that the types of mutation occurring
in Earle’s experiments and those noted in experiments with trans-
plantable tumors are the same, but the progressive increase of
virulence in each case at least suggests a fundamental similarity.
It is certainly permissible to adopt as a working hypothesis the
assumption that the changes in the tissues of the living organism
by which tumors arise, the changes in Earle’s tissue cultures, and
the changes noted in transplanted tumors, are all fundamentally
similar. This is an extension of the statement that the origin of
cancer is essentially mutational in nature, which may be useful in
guiding experimental work.

At the present time, the only value of the mutational theory
of cancer is as a clue to profitable fields of research. Some clues as
to where this conception may lead us can be gained from an his-
torical analogy. The conception of the occurrence of sports or
abrupt hereditary changes antedates by many years the develop-
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four sources, muscle adenylic acid, and adenosinetriphosphate
from five sources.® Figures 1 to 6 are photomicrographs of cul-
tured normal and malignant cells showing phosphatase a-::tlwl:}f
with various substrates.

The splitting of the metabolically important substance adeno-
sinetriphosphate on the centrioles, spindle, centromeres, and
chromosomes might tempt one into hypotheses concerning the
presence of specific ATPases or adenylpyrophosphatases in these
locations. Demonstration here of enzymes capable of splitting
energy-rich phosphate bonds and making available their approxi-
mately 11,000 calories per mole (Lipmann), rather than the gooo
calories per mole from ester phosphate hydrolysis, would be highly
satisfactory to cell physiologists, With reference to the close rela-
tion between myosin and adenosinetriphosphatase,® the analogy
between spindle fibers and myofibrils*” could be more closely
drawn. It appears, however, that the hypothesis of a specific adenyl-
pyrophosphatase rather than less specific alkaline phosphomonoes-
terase present on the mitotic apparatus in cultured mouse cells
might be subject to some doubt. The announcement by Glick and
Fischer'? of the histochemical demonstration of ATPase activity
was questioned by Moog and Steinbach®! on the basis that alkaline
phosphatase could catalyze the hydrolysis of ATP, as had been
claimed by Liebknecht with bone phosphatase. Schmidt and
Thannhauser had found that their purified intestinal phosphatase
could split off the two acid-hydrolyzable phosphate groups of
adenylpyrophosphate more readily than it could split the ester
linkage. Moog and Steinbach® felt that a valid histochemical
demonstration of adenylpyrophosphatase would depend on a dif-
ference in localization from sites of alkaline phosphomonoesterase
activity or on a greater rate of calcium phosphate deposition in a
given region in the presence of ATP than with glycerophosphate.
To this, Glick!! added that it would be well to utilize differences
in properties of adenosinetriphosphatase and phosphomonoes-
terase. Gomori'® has stated recently that probably only one enzyme
was responsible for the histochemical phosphatase reaction ob-

®* The author is indebted to Dr. G. A. LePage of the McArdle Laboratory for a
sample of ATP and to Dr. Paul Roll of the Sloan-Kettering Institute for samples of
ATP and yeast adenylic acid.
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FiG. 4. Two tertiary 2n -+ 1 types in which the extra chromosome is com-
posed of parts of two different chromosomes, together with models of the
chromosomes involved.,

Fic. 5. On the left, green-stemmed shoot from a bud sport in which a

chromosome fragment containing the dominant gene for purple stem was
eliminated from a plant hybrid for purple and green stem.















Fic. 14. Section of young normal ovule. Heart-stage embryo had dropped
out from open space near center. Note single laver of dark-staining nurse
cells surrounding the central tissue.

Fic, 15. Section of young ovule from an incompatible cross.
Small embryo at left. Nurse cells at right enlarged and begin-
ning to divide,



Fie. 16. Nurse cells
in an incompatible
cross increasing in
activity. Embryo at
top of embryo sac
and its other con-
tents are disinte-

grating.

Fic. 17. Embryo sac completely filled by ovular tumor produced by nurse cells.
Fic. 18. Ovular tumor in the form of a “psendoembyro.”
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equivocal at best for the presence of different enzymes acting on
the different substrates.

Results with cyanide and cysteine indicated the absence of
conventional adenylpyrophosphatase in the mitotic apparatus.
Both these substances are known to inhibit alkaline phos-
phatase!?. 20 23, 27, 28, 36 and to have no deleterious effect on muscle
ATPase,? 42 chick embryo adenylpyrophosphatase?® or yeast
apyrase.®® With the mouse-tissue cultures, cyanide or cysteine at
10 and 50 mM inhibited the histochemical detection of phospha-
tase with ATP, muscle adenylic acid, and yeast adenylic acid as
substrates.

Glycine, which Bodansky found to accelerate alkaline phospha-
tase optimally at 6.25 mM and to inhibit at higher concentrations,
proved at 62.5 mM to inhibit the splitting of both yeast and muscle
adenylic acids in the fixed mouse cells. The inhibition with the
muscle adenylic acid was most evident when the substrate concen-
tration was just above the threshold of detectability.

With respect to the greater ability of our cultured mouse cells
to split muscle adenylic acid than yeast adenylic acid, it should be
mentioned that Reis* 3¢ described a specific 5-nucleotidase in ani-
mal tissues capable of hydrolyzing adenosine-5-phosphoric acid
and inosine-5-phosphoric acid, but not ATP. Such an enzyme has
been suggested as effective in removal of the ester phosphate from
the adenosine-5-phosphate formed from ATP by adenylpyrophos-
phatase in mouse epidermis and carcinoma® and in autolyzing
dog brain.'® 1® It would be interesting to speculate on the splitting
of ATP in the fixed mouse fibroblasts. Is there first a removal of
the two labile phosphate groups by alkaline phosphatase, followed
by an ester hydrolysis with j-nucleotidase? That much of the
staining with ATP is perhaps attributable to hydrolysis of muscle
adenylic acid present as a contaminant is suggested by the greater
blackening obtained with the ATP preparations of suspected lower
purity. The ATP could also be expected to hydrolyze spontane-
ously during incubation®® to yield some muscle adenylic acid.

It would appear, then, that the presence on the mitotic chromo-
somes and achromatic figure of more than one phosphatase active
in the alkaline range and on the substrates we have used is de-
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Not only has the addition of extra chromosomes been found to
bring about important changes in the structure of the plant in-
volved, but also the subtraction of chromosomes from the normal
complement disturbs the chromosomal balance and induces mor-
phological effects. Figure 5 shows a green-stemmed branch on the
left, which arose as a budsport from a plant that was hybrid for
genes for purple and green stem. Study of the chromosomes
showed that in the budsport, possibly owing to previous chloral
hydrate treatment, the chromosome carrying the gene for purple
stem was fragmented, and the fragment with the purple gene was
eliminated. Budsports, which are common in certain plants, have
been generally assumed to be due to gene mutations, but all those
examined in Datura have been found to be due to changes in
chromosome number. Many other examples could be given of the
effects of addition and loss of individual chromsomes.

Figure 6 shows a potted plant of Datura with a normal 2n
branch on the right and on the left a 4n branch in which the
chromosome number has been doubled. As is usually the case, the
early leaves of the 4n branches are roughened and contain a mix-
ture of 2n and 4n cells. About ten years ago, we stumbled on the
use of the alkaloid, colchicine, as an effective agent with which to
induce chromosomal doubling in higher plants. Its use was sug-
gested from its delaying action on nuclear divisions in animals,
although it does not seem able to induce chromosome doubling in
animal cells. Chromosome doubling is of interest to floriculture,
since it usually increases the size of flowers as shown in Fig. 7, but
its greatest value probably will come from its ability to change
sterile “mule” plants into fertile, pure-breeding types that may
represent new species.

As seen in Fig. 8, we have classified the chromosomal types in
Datura into two main groups, the balanced types in which there
is an equal number of chromosomes of each kind and the unbal-
anced types in which there is not the same number of chromosomes
in each set. Table 1 is a summary made some years ago of the
chromosomal types secured in Datura and of the types considered
theoretically possible judging from those actually secured. It will
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sterilized through a Seitz filter was equally effective as a stimulator
of embryo growth.

Figure 11 on lower left shows fruits of D. ferox, and on the right,
those induced by pollinating this species with pollen of D. metel-
oides. No seeds were produced from this attempted cross, and no
embryos were found on dissecting the ovaries. On the upper row,
at the right, is shown the result of a cross between D. stramonium
and D. metel. A few seedlike bodies were formed but never has
this species combination yielded a seed capable of germination.
Sometimes, however, before the seedlike body aborts, a hybrid
embryo can be secured by a cesarean operation and brought into
cultivation on artificial media, and induced to continue develop-
ment like an incubator baby. Some such hybrid embryos from
different crosses are shown in Fig. 12. By their artificial cultivation,
it has been possible to induce them to develop into mature plants
which often show considerable hybrid vigor. As seen in Fig. 13, it
has become possible by the artificial culture of hybrid embryos
to secure many new hybrids, which were otherwise impossible.

The problem arose as to what might be the factors that prevent
the development of so many hybrid embryos after fertilization has
occurred. In some combinations, only a few cell divisions take
place after fertilization, whereas in other combinations, the em-
bryos develop to the heart or even the torpedo stage before their
growth becomes arrested. Apparently embryo abortion is con-
nected in some way with abnormal growth of one of the tissue
elements of the young ovules. In Fig. 14 is shown a section of a
young normal ovule. Unfortunately, the heart-stage embryo had
dropped out from the section but the place is indicated by the
hole near the center. Of particular interest for our discussion is
the single layer of cells that surrounds the embryo sac and separates
the large cells of the endosperm inside the embryo sac from the
smaller cells outside. Dr. Satin has found that this layer, technically
known as endothelium but which we can call nurse cells from their
apparent function, regularly occurs in normal selfed seeds of dif-
ferent species of Datura. The cells outside this layer of nurse cells
are at first gorged with starch grains. As the embryo develops, the
starch granules of these outlying cells are used up, and through the
























BIOLOGICAL PHENOMENA OF GROWTH 55

as anchor points for further molecular apposition and also perhaps
as catalysts of specific reactions. A period of lability gives way to
gradual consolidation, marking the appearance of irreversible
features. The evidence of genetics indicates that the genic equip-
ment of the cells of all tissues is and remains the same throughout
development, hence, is not subject to differentiation. Differentia-
tion seems confined to the extragenic protoplasm. At the same
time, the number and type of differentiations a cell can undergo
is strictly limited by the hereditary endowment of the species. Yet,
once a cell has attained a given state of differentiation, it can pass
this on without attenuation to generations of descendent cells, as
is evidenced by tissue-culture experiments. These seemingly con-
flicting statements can be readily reconciled on the basis of the
preceding remarks, leading to the following concept. 1, The num-
bers and kinds of key compounds that can be synthesized by a
given cell are determined by the genic endowment. This assort-
ment is the material basis of what we used to call cell “potency.”
2. In any given case, only a fraction of this is “activated,” that is,
given opportunity to become effective, by being adsorbed to a sur-
face or otherwise enhanced. It becomes the molecular master popu-
lation of that cell. 3. This master population would then impose its
pattern on the further course of synthesis of protoplasm.

A cytoplasmic master compound could perpetuate its kind in
one of two ways, depending upon whether the genic apparatus
generates the full assortment of terminal products or merely gives
rise to more primordial compounds from which the terminal
molecular specialties have to be derived by secondary degradations
and conversions. In the former case, the cytoplasmic master com-
pound would build on ready-made units of similar kind, while in
the latter case, it would impose its own pattern upon the primordial
compounds, template fashion. Thus, although at their source in
the nucleus, all basic protoplasmic units may be identical in all
cells, they would, on contact with the differentiated populations of
the cytoplasm, assume the special characters of the latter. The
stuff, in this view, is furnished by the nucleus, but reshaped by the
differentiated cytoplasm acting as model. The perpetuation of cyto-
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CONTACT INDUCTIONS

The work of Spemann and others has shown that a more mature
tissue may influence the course of development of a less differen-
tiated tissue with which it comes in contact. The nature and
specificity of this action has long been in the center of interest.
That chemical interaction is somehow involved has long since be-
come clear. The underlying mechanism, however, is still as obscure
as ever. The immediate effect does not seem to be of the diffusible
kind, for it requires that the affected cells be in intimate contact
with the inducing cells or, at least, with some cell debris. In the
study of one such pair of dependencies, namely the induction of
the lens by the eye cup in the chick embryo, we have noted that the
first visible trace of the effect consists of a sudden orientation of
the prospective lens cells relative to the inducing retina, with the
axes of the former becoming perpendicular to the contact surface.
Since this reorientation coincides with the area of contact, it must
be interpreted as a transcellular contact effect. It is presumably but
a sign of the reshuffling and segregation of the molecular popula-
tion in the epidermal cells in the sense already indicated, that is,
attraction of key molecules to the new contact area followed by
oriented adsorption, the building on of oriented chains of mole-
cules, and consequent redisposition of the chemical systems of the
cell. It is noteworthy that we have seen a similar reorientation of
epidermal cells in larval amphibians within a few days after local
exposure to an implanted crystal of the carcinogen, methylcholan-
threne. Many other instances of contact induction are equally sug-
gestive. Whether or not the particular explanation, attempted
here, will prove to be tenable, it shows at least the type of approach
from which an eventual resolution of such terms as “induction”
into physicochemical realities may be expected. Many pathological
processes have long been known to be associated with peculiar cell |
arrangements, e.g., ‘pallisading,” but little has been done to ex-
ploit the descriptive-morphological facts as clues to an understand-
ing of the underlying molecular processes.

A further experimental analysis of the relation between differ-
entiation and contact action seems feasible by exposing cells to
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“hybrid substance,” and has been present in every hybrid pro-
duced between these two species. Presumably, it is caused by the
complementary action of genes from each parent, which, by their
interaction in the species hybrid, produce a different substance
than either can produce alone. Not all hybrids between various
other species possess a hybrid substance, making it appear reason-
able to conclude that only particular complexes of genes may
interact to produce a new antigenic substance,

Upon repeatedly backcrossing these species hybrids and selected
offspring to the Ring doves, ten antigenic substances that dif-
ferentiated Pearlneck from Ring dove were eventually isolated as
probable units. That is, a backcross bird carrying any one of these
so-called unit antigens, when mated to a Ring dove, produced
equal proportions of progeny with, and without, the particular
character in their blood cells. One may conclude then, that one
or more genes on each of ten chromosomes produce effects that
distinguish Pearlneck from Ring dove. The antigenic substances
peculiar to Ring dove, in contrast to Pearlneck, have not been
identified as units. However, the available evidence indicates that
a gene or genes on nine or ten chromosomes of Ring dove produce
effects that differentiate that species from Pearlneck. The anti-
genic substances that are shared by the two species have not been
identified as units, and no information exists as to their number.
It seems probable, however, that they are fully as numerous, if not
more so, than those that set each species apart from the other.
Presumably, the common antigenic substances are gene-deter-
mined, although whether the causative genes are linked to or
independent of those producing the species specific substances is
unknown. Parallel findings have been made on other species
crosses, thus strengthening the proposal that there are genes on
many chromosomes of a species with antigenic effects on the blood
cells; quite possibly, thereiure, on other tissues as well. If the effects
on the cells of a sufficient number of genes within a species could
be recognized, an objective test of individuality would be avail-
able. (References to the papers dealing with the experimental
evidence for these statements are given in a recent review.?)

The findings in our laboratory have revealed that complete or
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the substances themselves. We are largely in ignorance of the
special peculiarities of an organ permitting it to respond to
hormonal substances, or in fact, of the manner in which a hormone
imparts its stimulating effect. It is becoming more and more
apparent that enzyme activities are involved and one of our
current problems is to learn the interdependence between enzyme
action, the secretion of hormone by the organ of its origin, and
the effects of the hormone within the organism.

It is a well-known fact that the increase in size and activity on
the part of accessory reproductive organs involves rapid cell divi-
sions, increases in cell size, and the initiation of secretory activity.,
These responses may be precipitous and express themselves within
a week by weight increases of hundreds of per cent. However,
although the responses are rapid, they are yet under control of
natural regulatory mechanisms, contrary to rapid uncontrolled
cellular activity in neoplastic development.

The period in life when the end organs of response are sensitive
to hormonal stimulation is largely all pervading. Early in em-
bryonic development, accessory organs of reproduction will
respond to hormones in some animals; species variability is quite
marked in this respect. These age responses on the part of the end
organs are more definitely known than the period at which the
naturally occurring hormones are first secreted. Introduction of
androgens has been shown to stimulate the formation of certain
end organs precipitously—notably the prostate gland—and induc-
tion of organ formation where it would not otherwise occur has
been demonstrated. After formation, the various sensitive end
organs are capable of responding to introduced hormone thus
revealing the lack of sufficient high titers of hormone produced by
the embryo itself. Mitotic activity and active growth are tre-
mendously stimulated in the male organism by androgens but
responses are not restricted to the male components; the uterus
in the embryonic female, for example, is tremendously stimulated
to increased mitotic activity and general growth, and the same
applies to the other accessory reproductive organs and the phallus;
the latter may be transformed into a characteristic penis in de-
veloping females within a short period of treatment. After forma-
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and some was seeping into the uterine lumen. This condition had
spread to both lips by the next day, and on the following morning
(the twenty-second), all the cervical endometrium was involved in
active menstruation. Bleeding continued through the twenty-third
day, and by the twenty-fourth, both lips of the endometrium were
entirely gone and no blood was present in the uterine lumen.

The repair of the endometrium and the initiation of new growth
following menstruation was astonishingly rapid. Active bleeding
and loss of endometrial tissue occurred on the fifth and sixth days
after the last injection of progesterone. A surface epithelium was
apparently restored to the denuded areas within two days, and
within five days after menstruation, two prominent ridges could
be seen marking the position of two new endometrial lips.

The accessibility of the endometrium also made it possible to
test the effects of progesterone on menstruation when applied
topically. Thus, a monkey was given 10 y estradiol daily for
twenty-three days, by which time the cervical endometrial lips
were well developed. On the twenty-fourth day, the lips were
parted, and 2 y progesterone in 0.02 ml, sesame oil dropped into
the lumen and spread over the lips by manipulating the uterus.
The injections of estrogen were continued without interruption.

The progesterone was applied at § p.m. and by noon of the third
day (about fifty-seven hours) the color of the endometrium had
become considerably darker, actually almost purple. This color
was retained even when strong contractions of the uterine muscle
were induced by rubbing it gently with a swab. The condition of
the endometrial tissue seemed to be the same as that following
the subcutaneous injection of 2 mg. progesterone as already de-
scribed. Menstruation started on the fourth day and bleeding had
stopped by noon of the sixth. The endometrial lips were entirely
lost. As control, 0.02 ml. sesame oil alone was without effect on
the endometrium, but a repetition of 2 y progesterone in 2 ml.
sesame oil produced the already described effects.

The most important result of these experiments is the differ-
ence brought out between the endometrium of the fundus and
that surrounding the internal os. The absence of rhythmic vascu-
lar changes in the endometrium at the cervix and its failure to
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and myself,® we discovered some time ago the biological properties
of growth-inhibitory power and carcinogenicity, which had previ-
ously been known to be associated in the case of the carcinogenic
hydrocarbons, in 4-aminostilbene and a number of its derivatives,
which can therefore be regarded as constituting a group of tumour-
producing substances of an entirely new chemical type. In the
course of this investigation, we were led, in varying the sub-
stituents attached to the nitrogen atom, to examine the compounds
in which these substituents are di(f-chloroethyl) groups as in the
nitrogen mustards. In their biological effects, the new compounds
proved relatively uninteresting, but we then proceeded in turn
to investigate in what other types of aromatic amine, if any, such
di(f-chloroethyl) groups might still exert their characteristic
cytotoxic effects.* At once it became apparent that such cytotoxic
properties are in fact a feature of the di(p-chloroethyl) derivatives
of such aromatic amines as aniline, p-aminobenzoic acid, and
f-naphthylamine, to mention only a few of the long series that has
now been examined. These substances are indeed very strongly
radiomimetic, as is shown, for example, by their capacity to induce
greying of hair on subcutaneous injection in the mouse, an effect
that can equally be induced by roentgen-ray radiation, by injec-
tion of the aliphatic nitrogen mustards as shown by Boyland, or
by the subcutaneous injection of a radioactive element such as
plutonium. Such radiomimetic qualities are also reflected in the
therapeutic effects brought about by these substances in Hodgkin’s
disease and chronic leukaemia, by the undoubted depressant
effect of these compounds on the normal bone marrow, and by
damage to other tissues in a state of active cell division such as
the testis. Thus, degenerate structures are seen in the undifferen-
tiated spermatocytes as early as six days following administration
of di(2-chloroethyl)aniline in the rat, while an extreme degree
of atrophy is produced by the same treatment after thirty days.
The radiomimetic property is even more strikingly shown in the
acute cytological effects of these compounds, the most frequent
abnormalities being chromosome bridges at anaphase, chromo-
some fragmentation, lack of chromosome spiralisation, and the




































PRINCIPAL ADDRESSES 101

control the fate of the metabolites, including the primary vitamins
on their long and hazardous journeys to and from their sites of
operation. This class consists of a number of interlocking indi-
viduals, sometimes opposing, sometimes co-operating with one
another. On the one side—and by far the most important on this,
the reducing side of the equation—are the E vitamins, particularly
alpha-tocopherol aided by vitamin C, para-aminobenzoic acid,
lecithin, the tannins, and certain yeast factors, to mention those
we know about so far. They form together the great preservative
complex that stops unwanted oxidation every way along the
journey from the growing plant to the site of action in the animal
and then to the very excrement from the bowel on the final exit.
In a highly reactive environment—the body—surrounded by and
saturated with oxygens, they prevent unauthorized combustion.
They are the sprinkler system, the fire insurance agents of the
body. As I view the longevity problem, it contains as a central
question, “How much can we have of the preservative factors
without depressing active metabolism, making the organism as
a whole lethargic?”

These agents, as I have just mentioned, must be balanced by
others of an exactly opposite kind. We have been so preoccupied
with studies on sugar and protein metabolism in which we can
watch large nutritive molecules being broken down atom by atom
by a series of interrelated enzymes all the way to carbon dioxide,
which is escaping, for instance, as a gas from my mouth during this
speech, that we forget that there are substances like the sterols
and hormones and perhaps endogenously formed carcinogens that
must be disposed of continually because they cannot diffuse out,
and one of the alternative ways of disposal is by oxidation. There
is much evidence to suggest that there is a professional class of
scavengers or incinerators of waste products in the body and that
the class may contain vitamin A, the essential unsaturated fats, the
fatty hydroperoxides, and the quinones and semiquinones of vita-
min E and C.

Some very simple examples will illustrate this point. Dissolve
some carotin in olive oil and pour it into four test tubes and keep
it on your laboratory bench or office desk. Add nothing to test
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tube No. 1. Add a few drops of cod-liver oil to No. 2, cod-liver
oil plus vitamin E to No. g, and vitamin E alone to No. 4. At the
end of a week, all the test tubes appear the same except No. 2,
which has lost its color. This has been caused by the vitamin A and
essential fats in the cod-liver oil promoting the oxidation of
carotin. Let us inspect the tubes again at the end of a month or a
year. Now tubes Nos. 1 and 2 are colorless, but tubes g and 4
retain their carotin. The vitamin E has prevented oxidation even
in the presence of the promoter, vitamin A,

That was an in vitro experiment. On my tour out West that led
to Oregon, a professor at an agricultural college told me that if
you feed enough vitamin A to a red Leghorn hen, you will bleach
its feathers and turn it into an imitation Buff Orphington and
the hen will lay an egg with a white yolk. The vitamin A has
bleached the carotinoids without disturbing the rest of the metab-
olism of the hen. Now give vitamin E and the color of the feathers
will come back, the egg yolk will turn dark, and the yolk will be
found to contain the carotinoids as well as the added vitamin A
and E living in a balanced harmony. This is an exact replica of
the first experiment, but in vivo,

You will notice that I have cited vitamin A so far in three dis-
tinct roles, first, and of course begging the question by calling it
the tissue-differentiating vitamin, in the structural class. Then by
citing its conversion to retinene which is in a functional class,
and finally by calling it a scavenger agent in the conditioning class.

This leads me to introduce a profound scientific concept—the
“screwdriver” hypothesis—which as learned scientists and dis-
tinguished physicians you will find highly useful. You acquire a
screwdriver in order to drive a particular screw, but you use it for
all kinds of screws. Eventually you cannot lay your hand upon it
because it has strayed to your wife’s sewing machine and later to
the kitchen for opening a soup can and finally it is bent by opening
a jammed window. In short, wherever a screwdriver can be em-
ployed, or even prostituted, there it will be put to service. And so
I think it is with biologically potent substances. The functions of
each one may be few or legion, according to its versatility. We are
perpetually forgetting this essential fact, and when we have found
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one obvious function of a new metabolic agent, we are apt to say,
“well, that’s that,” and close the books on our inquiry. This has
a very stultifying effect on future research. I shall be referring to
this matter again.

To return to our main theme; the great secondary activity of
the body is the conveyance of metabolites to and from their place
of operation. But whereas an immense amount of study has been
given to the arrival, very little has been given to the exit of the
after products. However, exactly as much waste material must
escape as fresh material enters. Garbage disposal is every whit as
important as city delivery, but it is not as fashionable.

During the past fifteen years, an ever-growing witch hunt has
been made for carcinogens, those chemotherapeutic agents that
induce cancer. Men are spending whole lives studying chemical
after chemical that in ever-smaller quantities will produce with
ever-greater certainty a tumor in a mouse. They remind me of my
own cult of vacuum technologists who will proudly display a
bottle that is emptier than has ever been secured before. With a
slightly wider inquiry, the investigator asks what ingested chemical
causes the normal cell to become an uncontrolled cancer cell. Is
it overcooked fat or industrial dirt or smoke or foods cultivated
from synthetically fertilized land; or is it just a statistical phe-
nomenon of an increasingly aged population?

I want to suggest to you that cancer may be produced less often
by a toxic principle getting into the body than by toxic by-products
created in the body being unable to get out. Cancer in an aging
population would thus be a symptom of accumulating internal
dirt; of the cell becoming an ancient and dusty attic where all
those fragments or elaborated substances that happen not to be
able to escape have accumulated until the cell passes into a con-
dition of revolt.

Let us examine this Time factor. It is a curious fact that with
all the medicines of natural or artificial origin that have been
administered over hundred of years, no mathematical calculation
appears to have been made by the doctors concerning the time of
accumulation in the human body or the time of depletion. To
consider my old friends, the vitamins; supposing your bodies were
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and yeasts traffic in relatively large quantities of sterols. The
human body contains some two ounces of cholesterol or bile sterol,
This is a relatively inactive fatty substance whose chief function
or raison d’etre is not fully understood. Much of the body’s sterol
is imprisoned with a life sentence in the human brain, Of the rest,
about 2o gm. circulate each day in the bile. Each day at least
1 gm. of coprosterol is excreted; each day 1 to 2 gm. of plant
sterols are ingested. The half period of circulation in the body is
perhaps two days, the external ratio is about twenty-five days and
the external half period about eighteen days, as short as the
shortest vitamin half period. The significance of this to our argu-
ment you will see presently.

There is another group of steroids of the body of extremely
potent character and these are present in very small amounts, at
least fifty thousand times less than cholesterol. These are the
hormones and many of them are near relatives of cholesterol.
Cholesterol, you will remember, is the chief member derived from
that fourring chemical circus called the cyclopentano-phenan-
threne nucleus and it has a long carbon chain tail on the “seven-
teenth” carbon atom. It is also supplied with two important
methyl groups, one hydroxyl and a few double bonds. Remove
the tail from cholesterol and add oxygen and we produce the male
sex hormones. Then add a few double bonds and there result the
female sex hormones. Add a keto group and—presto—there are the
cortical hormones; go back to the start, and irradiate the choles-
terol with ultraviolet light and one of the rings is broken, with
the production of an active methylene group. The result is vita-
min D, one of the most extraordinarily potent substances (that is
to say active in the smallest quantity) known to the biochemist.
Take off the methyls and the oxygen and fit double bonds to all
the rings—then we have carcinogenic hydrocarbons.

However, does the body keep this chemistry straight with all
these many highly specific and potent derivatives of cholesterol?
How does the body avoid disaster? The answer I think is that it
doesn’t! I once wrote a story about an angel who asked to come
down to earth. He was told that he would have to have a body
where the heart must beat once each second and he must breathe
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a solution with ordinary strontium and then precipitates them
as the sulfate and all the new, rare isotopes come down with the
common isotopes. I want to suggest to you that an important
function of cholesterol may be to form a kind of isotope or
homologue, a bandwagon onto which the rare and potent sterols
can jump on their way in and out of the body or some special
portion thereof.

The Polish ambassador comes to Washington to deliver an
important message to the White House and to get there he takes
a streetcar or a taxi. He could not create a taxi or a streetcar just
when he wants it. It is because those vehicles are in daily operation
for taking the ordinary man about his inconsequential affairs that
they provide the ever-ready vehicle when the important occasion
arrives and the maternity patient must rush to hospital or the
ambassador must see the President. Pursuing this philosophy then,
the hormone will be riding through the body in the steroid taxi.
But, if after visiting the White House, the human steroid is
metabolized into a polar bear, it is found that the polar bear can-
not be accommodated in a taxi and, as a compromise, is shut in
the White House Blue Room because nobody has bothered to
think through what would happen if the animal were not conveyed
away. And I suggest that after a shorter or longer time, the polar
bear would cause cancer in the White House Blue Room.

So I ask the question rhetorically, is cancer or rather a major
predisposition to cancer a symptom of aging caused by the inability
to dispose of internal waste matter? Are not many cancers due to
lack of internal cleanliness? I suggest to you that even if your
present researches are of unchallenged importance and leading to
worth-while destinations, as I am convinced they are, this con-
sideration of in transitro chemistry must be made because it is
conditioning all that you examine.

For instance, at your Endocrinology Panel this morning I heard
a paper on the production of testicular tumors in mice by adminis-
tration of sex hormone. Suppose the minimum dose for x per cent
incidence were determined under ordinary conditions and then
again under abnormally oxidative or reductive conditions or
under buffered conditions. Suppose one of these conditions altered
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enough brought to fruition and immediately put to use in the
service of mankind.

As a last example, let me dwell on a little known aspect of a
story from the recent history of science, which is well known to
all of you: the development and introduction of the great anti-
biotic penicillin. You all know of the “happy accident” that
occurred when, in 1928, Fleming noted the curious bacteriolytic
effect of the Penicillium mold that had contaminated his dish.
Furthermore, you all know that the successful completion of his
observation awaited a decade until, on the eve of war, Florey
and Chain and their co-workers produced the antibiotic that still
bears the name given to it by Fleming: Penicillin. Why was it,
you will surely wonder, that a decade passed before Florey, Chain,
et al., completed the work begun ten years earlier by Fleming?

I do not profess to know all the answers. One apparent reason
is the difficulty of the task itself in which Florey and his group
were finally engaged. But, during those ten years, some very im-
portant events had occurred. For one thing, in 1928, the great
golden dream of Paul Ehrlich of an era of chemotherapy had not
been realized. Typical of the sentiments of the era is the statement
made in 192q that: “Ehrlich’s ideal to effect the destruction of all
the parasites of a disease by means of an internally administered
chemical agent . . . has shown itself on biological grounds to be
unattainable.” Both chemotherapy, and a similar idea in the war-
fare against disease had led to dead ends: microbial antagonism—
a field of investigation begun by the great Pasteur.

But between 1928 and 1938, several very important things had
happened. In the first place, the German dye chemists who had
plugged away at their work with an almost monotonous steadfast-
ness had finally reaped the reward of the discovery of the sulfon-
amides. Immediately, there was a renewed interest in chemother-
apy. Then, Dubois, working at the Rockefeller Institute, had
discovered gramicidin, a naturally produced antibiotic. A new
atmosphere was immediately discernible among all men of sci-
ence and medicine. Attention was concentrated on antibiotics of
all sorts, and it was now only natural that Florey and his group









118 PROCEEDINGS OF THE NATIONAL CANCER CONFERENCE

very moment that we make such a judgment? Will not tomorrow
bring us a world of wholly new values, both in pure science and
in the fields of scientific research that will appear to be related to
this or to that practical problem? How can we predict the way
in which the total scientific situation is changing at this very
instant?

This leads me to the last point. Having mentioned freedom in
science, I cannot escape the word “planning.” This is a “loaded”
word, especially because of its economic overtones. A man who
believes in a complete “laissez-faire” in our economic life is, in
this era, supposed to be a Conservative and Reactionary, or even
a Tory, as contrasted to the “New Deal” Liberal who believes in
some restriction or regulation of our economic life consistent with
the greatest freedom or benefit for the greatest number of indi-
viduals in our society. By a false analogy, those who do not believe
in scientific planning on the level of fundamental knowledge, or
“pure” science, have become known in certain quarters as “tories
in science,” or ‘“‘scientific reactionaries.”” If this be a crime then I
must plead guilty of it. But I think that this confusion of economic
and scientific ideas introduces a complete distortion of major
values. Indeed, I believe it can be demonstrated that no matter
whether we live in a completely laissez-faire economy, or in a
liberal capitalism such as we have in the United States, or in a
limited form of socialism such as we find in England, or even
in a completely planned totalitarianism such as they have in
Russia—no matter what form of economic life and aim we have,
the best way to insure the improvement of agriculture, the devel-
opment of technology, the advancement of preventative and cura-
tive medicine, is to give to those men and women engaged in
scientific research the greatest freedom possible to make the dis-
coveries that will be applied today and tomorrow. By freedom, I
mean freedom from “general staffs,” whether civilian or military
(at least in peacetime), and also freedom for each scientist to
choose his own field of work, to work at his self-chosen assignment
in whatever way he feels he can do it best, and to know that the
values and the nature of science are understood, so that his work
will be supported even if it does not seem to be related imme-














































































































































































































































































Fig. 23. Pulmonary adenomatosis in the sheep.
Fi. 24. Pulmonary adenomatosis in man. (Mucicarmine > 160.)

Fics. 23, 24, and TABLE 1, p. 194 (unpublished data: Smetana and Swan):
Courtesy of the Army Institute of Pathology.
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Fic. 1. Nenroblastoma metastatic to bone, Only capillary endothelium Jrosi-
tive for alkaline phosphatase (black); mmor cells negative.

Fie. 2. Malignant synovioma. Tumor cells intensely positive for alkaline
phosphatase,

. 8. Giant-cell tumor of bone, Capillaries and strands of connective tissue

positive for alkaline phosphatase.

Another section of the same tomor. Giant cells positive for acid

phosphatase.

Fic. 4.
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CAncer DETECcTION CENTERS

A brief résumé of the development of the cancer detection pro-
gram was admirably presented by MacFarlane, who felt that the
experiments carried on by the pioneers of this field have proved
the value of detection. She recommended that every State-financed
hospital should have a detection center for those in the lower in-
come brackets, but that the detection of cancer in individuals in
the middle and upper income brackets be the responsibility of
the individual physician. If each general practitioner would agree
to do one detection examination per day it would go far toward
supplying this need. Considering the fact that this examination
would be limited to certain age categories, this suggestion would
more than meet the need in New York City where there is one
doctor to every 445 patients. The doctor would probably eventu-
ally receive dividends in time as a result of this program, since
the detection of an early case of cancer and its subsequent cure
would relieve the necessity of later having to devote considerable
time to the care of a terminal cancer patient. She pointed out that
the State of Pennsylvania is initiating a program under the direc-
tion of the individual County Medical Societies, whereby detec-
tion examinations will be carried on in doctors’ offices.

She cited one example in which the American Cancer Society
and the local tuberculosis units are co-operating to provide better
case finding facilities for both cancer and tuberculosis patients.

Since the American Cancer Society has convinced the public
of the worth of detection examinations and has its support, it was
pointed out that the Society now has the responsibility of develop-
ing the method whereby the detection program can be carried
out.

A report was made on a survey, carried out by the American
Cancer Society, which included the experiences of 125 centers
throughout the country and involved 51,728 examinations. Of the
patients examined, 0.8 per cent were found to have proved cancer,
10 per cent had precancerous lesions, and 52 per cent were re-
ferred to private physicians or clinics for treatment of non-neoplas-
tic diseases. The total number of cancers detected was 406. Several
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ing and a modest program of fundamental research. Laboratories
were built at Bethesda and a bimonthly journal, the Journal of
the National Cancer Institute, was established. The National
Cancer Institute program was expanded in 1946 by increased
funds for research grants-in-aid and fellowships. For this fiscal
year, funds for National Cancer Institute activities have increased
to an annual rate of $22,000,000.

The operations of the National Cancer Institute are divided into
three branches; intramural research, cancer control, and grants-in-
aid and fellowships. The intramural research, conducted primarily
in the Institute building in Bethesda is in the fields of biochemis-
try, pathology, biology, radiology, endocrinology, chemotherapy,
and biophysics.

The cancer-control branch of the Institute includes several sec-
tions. The state-aid section this year distributed $2,500,000 accord-
ing to a formula that is based on the total population of the state,
the density of the population, the extent of the problem, and the
per capita income. The statistics section of this branch conducted
cancer-morbidity surveys in ten metropolitan areas of the United
States ten years ago and recently reviewed these same areas and
is currently analyzing the results. The other sections of this branch
are concerned with lay and professional education, which includes
the trainee program currently granting traineeships to seventy-
two young doctors, in addition to lending technical assistance to
state public-health agencies, and conducting field demonstrations.
This branch is also supporting industrial environmental-cancer
surveys and public-health-nursing activities.

The third branch of the National Cancer Institute, namely re-
search grants and fellowships, is currently administering more
than goo grants-in-aid, approximating $3,300,000 and supporting,
in addition, 140 fellowships of both pre- and postdoctoral grades
at a cost of about $500,000. The grants for construction of research
facilities are handled by this branch.

All grant-in-aid requests made to the National Cancer Institute
must be approved by the National Advisory Cancer Council, a
nongovernmental group of advisers, which recommends expendi-
tures to the Surgeon General who may approve these expenditures
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able for consideration by the Research Committee in June prior
to the 1st of September of the year in which the funds are needed.

A survey is being made of the distribution of all cancer-research
funds in each of these three categories. Reports of the survey, both
on the American Cancer Society and all other agencies that co-
operate with the Society, are available through the Research
Service Unit and are distributed periodically to all the Divisions.

State Programs of Administration of Funds Allocated to Cancer

To supplement the local agencies, the Federal government is
currently distributing $2,500,000 to fifty-three subdivisions of the
United States for lay and professional education, for collection of
statistical data, and for support of state public-health programs.
The amount of money available to each state is small; go states get
a maximum of $30,000 each. The formula used by the U. S. Public
Health Service in distributing its funds has been examined re-
cently, and it is found that money distributed in all categories
shows a slightly higher ratio of funds-granted to funds-requested
in areas where research is slight. Such a distribution tends to
develop research potential throughout the United States.

Cancer Research Granis

A special panel of research administrators from five medical
centers receiving American Cancer Society institutional research
grants described the methods used in administering cancer re-
search beds. Criteria are established so that research money is not
used to support indigent and terminal patients. The patient who
occupies a cancer research bed should be one whose case is par-
ticularly worth investigating because metabolic or other studies
ought to be carried on to a degree not normally required by usual
hospitalization; again, a research bed might be used for a terminal
patient so that complete case history may be obtainable. In general,
a committee passes on all cases where use of a research bed has
been recommended—the committee being made up of heads of de-
partments, especially selected administrative leaders from the re-
search section of the hospital staff.
















































