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are found to maintain a level which is more than 60
per cent above that in the chromosomes of normal epi-
dermis and certainly more than double the nucleic acid
content of chromosomes for hyperplastic epidermis.

It must be pointed out, however, that in all such
studics based on analyses of components of whole tissucs,
including averages of several samples, we are handi-
capped by not being able to recognize any differences
that may be localized in the tissues. It is not incon-
ccivable that a marked localized change in a few cells
might be masked by including with them numerous
others which are not altered in the same manner.
Notwithstanding this, we believe that the general trend
of changes in the desoxyribose nucleic acid content of
normal, hyperplastic and carcinomatous cpidermal tissues,
as reflected in the newly established equilibrium, is
sufficiently clear to warrant suggestive inferences.

DISCUSSION

The change that takes place in desoxyribose nucleic
acid content of the chromosomes of hyperplastic epi-
dermal cells and of squamous cell carcinoma from that
of normal cpidermis appears to be in conformity with
the altered economy of the cell. It is not clear how
methylcholanthrene operates to produce an altered
cquilibrium at the precancerous level. Nor is there as
yet unequivocal evidence that breakdown products of
methylcholanthrene, under investigation by W. L.
Simpson in this hospital, are the causal agents in
sequelac of chemical changes occurring in the cell.
But there is a strong suggestion that in some manner
the balance of cuchromatin-heterochromatin is upset.

In a consideration of present status of the part played
by nucleic acids in tumor production, the work of Cas-
These investi-
gators obtalned quantitative data, by using ultraviolet

persson and Santesson (7) stands out.

spectrophotometric and cyotchemical methods, on dis-
turbances in endocellular chemical mechanisms in epi-
thelial tumors and propound the thesis that the genet-
ically inert heterochromatic segments of chromosomes
They believe
that, since heterochromatin is a special center for
synthesis of cell protein, any quantitative disturbances
in it would immediately affect the pace of cell growth
and during mitoses cause cumulative disturbances in the

have a significant role in carcinogenesis.

division of euchromatic and heterochromatic segments.
This in turn, is assumed to pave the way for further
qualitative and quantitative changes leading in the direc-
tion of neoplastic growth.

In the light of the concepts formulated by Caspersson
and Santesson, the early drop in desoxyribose nucleic
acid in hyperplastic epidermal chromosomes may logi-
cally be explained in ecither of two ways. First, there
may be a direct Jowering of desoxyribose nucleic acid
synthesis in the nuclei following methylcholanthrene
treatment. 'The more probable alternative, however, is
that the decreased desoxyribose nucleic acid is a con-
scquence of its partial conversion into cytoplasmic ribose
nucleic acid.  Biesele’s findings (3) on the pronounced
increase of cytoplasmic ribose nucleic acid, even as early
as half a day after methylcholanthrene treatment, bear
this out.
desoxyribose nucleic acid content is conspicuously inten-
sified.  This again suggests several interpretations.
First, there may be less conversion of the desoxyribose
into the ribose form. Alternatively, it
may mean a greater synthesis of the desoxyribose nucleic
acid connected with more intense mitotic activity.

Whether the altered desoxyribose nucleic acid equilib-
rium in hyperplastic cells is the first step that sets in
train a sequence of events in the cellular system on its
way to malignancy, or whether it is merely an accom-

In the case of squamous cell carcinoma the

nucleic acid

panying phenomenon along with the other occurrences,
such as decreases in calcium, iron, copper, zinc and lipids,
cholesterol, ctc., is not evident. But in view of the
importance of desoxyribose nucleic acid in chromosomal
autonomy and heredity and since a cancer cell is, genet-
ically speaking, distinct from a normal one, any cvent
that modifies this hereditary constituent is likely to have
far-reaching consequences. It is, therefore, not out of
place to examine in this connection the work of other
investigators who have analyzed this problem in the
light of the euchromatin-heterochromatin balance.

The case of Sorghum purpureo-sericeum investigated
by Darlington and Thomas (17) is particularly inter-
esting on the theory that nucleic acid imbalance causes
malignancy.
workers, the first division of the pollen grains gives a

In normal plants, according to these

vegetative and a generative nucleus, the latter of which
gives rise to the two male nuclei. But in plants where

heterochromatic  supernumerary ~ B-chromosomes are

DESCRIPTION OF FIGURES 1 TO 3

The photomicrographs were made from Feulgen stained
preparations and are magnified approximately 700 diam-
cters. In the ringed areas, the morphology of chromo-
somes is distinctly seen. Many of the chromosomes show a
differentiation into long and short arms, separated by
Feulgen-negative gaps, which correspond to the position

of the centromeres.

Fic. 1..—Chromosomes isolated from normal epidermis.

Fic. 2.—Isolated chromosomes from hyperplastic epi-
dermis.

F16. 3.—Isolated chromosome concentrate from squam-
ous cell carcinoma. -
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present, the vegetative nucleus undergoes a succession of
polymitotic divisions giving rise to scveral generative
nuclei. To all intents and purposes the pollen grain
behaves like an “encapsulated tumor.”  This excep-
tional behavior of the vegetative nucleus Is presumably
brought about by action of the supernumerary hetero-
chromatic B-chromosomes.  The activity of so-called
inert chromosomes would, therefore, seem to indicatc
that nucleic acid supply is a crucial variable in the
causation of neoplastic growth. From this viewpoint
Darlington (18) visualizes in normal growth a correct
cuchromatin-heterochromatin balance. Morbid mitoses,
he thinks, are produced when this balance is upset.
From a detailed cytological analysis of chromosome
behavior in 565 human tumors (carcinoma of the skin,
csophagus, colon, rectum, larynx, lung, cervix, utcrus
and breast) Koller (24) has come to similar conclusions.
He maintains that the quantitative change in nucleic
acid metabolism revealed by chromosome behavior may be
one of the deciding criteria of distinction between nor-
mal cells and tumor cells derived from them. Accord-
ing to him the normal functioning of a cell is con-
ditioned by a specific heterochromatin-enchromatin
balance. Since the amount of nucleic acid and the rate
of its production determine the frequency of division,
Koller argues that there must be a cawsal connection
between abnormally high concentrations of desoxyribose
nucleic acid and intensified division rate and malignancy.
That there is an increase in the amount of Feulgen-
positive material in rat sarcoma as compared with nor-
mal rat fibroblasts histochemically shown by
Cowdry (15) from a study of tissuc culture of these
cells. Stowell (35) devised a photometric histochemi-
cal method for the determination of thymonucleic acid
in normal, hyperplastic and neoplastic epidermis of mice
and men, and established the order of decreasing nmean
amount of thymonucleic acid per unit volume of tissue
and per cell. Hyperplastic epidermis in which the cells
were large, contained less thymonucleic acid per unit
volume of tissue than the normal epidermis and the
carcinomas contained more desoxyribose nucleic acid per
unit volume of tissue than the normal epidermis. Using
homologous normal and tumor tissues (rat liver, rat

Wwas

hepatoma, mouse lung and mouse lung tumors)
Schneider (30) discovered that the desoxyribose nucleic
acid content of both tumors was much higher than that
of their normal homologues.

In contrast to the findings of the previous workers
Dounce (23) found no increase in the desoxyribose
nucleic acid of nuclei isolated from Walker carcino-
sarcoma 256, normal liver and rat hepatoma 31, but
actually observed a decrease in the hepatoma cells. It
is difficult to explain this apparent discrepancy unless
we admit that it is due to differences in technic, and

the types of tumors used. Moreover, as Stowell (35)
has shown, concentrations of desoxyribose nucleic acid
vary greatly in different types of tumor and even in
In addition, the
rates of division and of growth have a pronounced effect

different portions of the same tumor.

on the quantitative relationships of the nucleic acids in
the tumors. Thus, a high rate of division with its
accompanyving disturbances of euchromatin-heterochro-
matin equilibrium 1s more likely to cause a succession
of chromosomal aberrations than one where the rates
of division and growth are slow (cf. Koller). It is
now known from the work of Brachet (5), Caspersson
and Schultz (8), Schultz (31), Darlington (18),
Painter (28, 29) and others that, since desoxyribose
nucleic acid is lowest in resting nuclei, the presumption
is justified that its synthesis is also very low. It is
maximal at metaphase and in tumors with a higher
mitotic index there would be a corresponding increase
It should also be empha-
sized that any disturbances in the mitotic mechanism
are bound to have their impact on the dividing cells.
This is in conformity with the sorghum-phenomenon

of desoxyribosc nucleic acid.

of Darlington and Thomas referred to earlier.
Carruthers and Suntzeff (6) found in hyperplastic
cpidermis of mice treated with methylcholanthrene and
in squamous cell carcinoma less desoxyribose nucleic acid
This
does not really conflict with the present findings since

than in normal or benzene-treated epidermis.

their analyses were based on unit weights of tissue and
not on unit weights of chromosomes. It should also
be remembered in this connection that the decrease in
the desoxyribose nucleic acid is probably due to the
increase in the size of the cells as demonstrated by
Cowdry and Paletta (16).

On the basis of present experiments, we are unable
cither to support or refute the concept of a definite
causal connection between disturbed nucleic acid balance
and ncoplastic growth. It is clear, however, that the
decrease in the desoxyribose nucleic acid values taking
place in hyperplastic epidermis is not necessarily depend-
ent on the nucleocytoplasmic relationships of the cells.
It is actual, as revealed by cytochemical determinations
of chromosomes on a dry weight basis. In squamous
cell carcinomas instead of a projection of the altered
equilibrium so manifestly seen in hyperplastic epidermis,
The desoxyribose
In normality, the

we witness a notable modification.
nucleic acid is sharply increased.
nuclear system appears to be in a state of dynamic
cquilibrium in which there is a regular and periodic
removal and replacement of desoxy and ribose nucleic
acids, respectively. In malignancy this equilibrium is
violently upset and therc is a greater accumulation of
desoxyribose nucleic acid in the chromosomes, resulting
in a multitudinous series of mitotic aberrations of the
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type described by Koller (24) and Darlington and
Thomas (17). From the cytochemical evidence at hand
the conclusion that there is a constant association of
increased desoxyribose nucleic acid with squamous cell
carcinoma is thus inescapable and because nucleic acids
are so intimately bound up with the genetic structure
of the cellular system, it would, therefore, seem that
quantitative changes in their attachment or detachment
from the chromosomes assume more than trivial interest.
It is irrelevant for our argument whether this augmenta-
tion in carcinoma is the result of greater storage or
greater synthesis of desoxyribose nucleic acid or lesser
conversion of the latter into the ribose type.

We have remarked carlier that there are not suffi-
ciently discernible features between chromosomes isolated
from normal and abnormal tissues to warrant a distinction
on a purely morphological basis. This docs not neces-
sarily mean that there arc no enlarged chromosomes in
neoplastic tissues, as observed by Biesele and Cowdry
(4)-
plastic and carcinomatous cells and fewer still in meta-
phase, it would not be a simple matter to detect
enlarged chromosomes among the enormous number of
How-

ever, the carlier observations of Biesele on chromosomal

Since only a few cells are in mitosis in the hyper-

threads presented by chromosome concentrates.

changes in cpidermal carcinogenesis and the assumption
of polytene (multiple strand) structure of neoplastic
chromosomes nced to be revised. A valid criterion of
distinction between chromosomes isolated from different
states of cpidermis would be the recognition of quanti-
tative differences in their desoxyribose nucleic acid
content,

SUMMARY

1. A mechanical method of separation and isolation
of chromosomes from the tissues of mouse cpidermis in
normality, hyperplasia and squamous ccll carcinoma is
described.

2. Cytochemical
nucleic acid from the three stages in carcinogenesis are
given. Soon after the application of methylcholan-
threnc there is seen a sharp drop in the concentration of

determinations of  desoxyribose

desoxyribose nucleic acid in the chromosomes, which is
maintained at a new equilibrium level until the onset
of carcinoma.  In this state there occurs a striking
increase in the desoxyribose nucleic acid content of the
chromosomes, far above that of chromosomes in normal
and hyperplastic epidermises.

3. The bearing of the disturbances of nucleic acid

equilibrium on carcinogenesis is discussed.
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