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L INTRODUCTION.
Tumors have been studied from many standpoints and yet there
is little exact knowledge concerning the essential or basic condi-
tions that determine their incidence, progress and proliferative ca-
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pacities, or of the factors that govern the morphology, growth
habits and capacity, and the arrangement and differentiation of
their structural elements. .

It is our purpose to discuss in the following pages the results of
a study of certain aspects of the biology of tumor cells and to cor-
relate them with certain recently established facts concerning the
biology of cells in general, and especially those whose life histories
are best known, namely, certain protozoa, sex cells, thymus cells,
and certain functionally active metazoan cells, such as gland, gan-
glion and muscle cells.

These various kinds of cells possess many attributes in common.
Protozoa, sex cells and tumor cells are capable under certain cir-
cumstances of unlimited growth, and both tumor cells and ova
may survive the host from whom they spring and in whom they
temporarily reside, and, further, each may live and grow within
certain limits after transplantation.

R. Hertwig (1904) has compared tumor cells in their growth
habits to a colony of protozoa, and another zodlogist, Moroff
(1908), has pointed out certain close resemblances between pro-
tozoa and sex cells. The growth, multiplication and fate of pro-
tozoa and of sex cells may be modified experimentally in various
ways, and, under these conditions, may exhibit certain variations in
their physiology and morphology, as well as certain regulatory
phenomena not always so evident in the normal state. As we shall
show, tumor cells may and often do give evidence of the same at-
tributes, and are governed in general by the same laws.

In order that the facts which we have established and the con-
clusions to be drawn therefrom may be clearly understood and cor-
related, it is necessary briefly to review the structure of proto-
plasm and nucleus, the relation of cell structure to function and
certain other evidences of differentiation, depression, physiological
degeneration and death of cells, the morphological and other
changes in nucleus and cytoplasm in physiological degeneration and
in recovery therefrom, the nucleus-plasma relation and its impor-
tance in cell life; and, finally the regulatory processes of protozoa,
of sex cells, and of certain tissue cells.
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II. GENERAL CELLULAR BIOLOGY.

THE STRUCTURE OF PROTOPLASM AND THE MODIFICATIONS
PRODUCED BY FUNCTION.

The divergent views as to the structure of protoplasm which
have from time to time predominated have been due, in large
part, to the kind of cell used for study. The correctness of Biit-
schli’s conception of the alveolar structure of protoplasm can no
longer be doubted. The foam-like nature of cytoplasm is best
seen in protozoan cells, but even here there are all gradations in
the size of the alveoli, from the extremely minute ones met with in
Paramecium, for instance, alveoli so small as to give the proto-
plasm a finely granular appearance, to the coarsely meshed proto-
plasm of Actinospherium, for example, in which the cytoplasm is
sponge-like. In egg cells and in tumor cells the correctness of
Biitschli’s views can also be readily enough ascertained. In the
case of metazoan cells it is in those with little or no functional
differentiation that the alveolar structure is best marked. In proto-
zoa it is the undifferentiated endoplasm which most clearly exhibits
a typical “Schaumplasma.”

As soon as an individual cell becomes functionally specialized
and begins to take on activities peculiar to cells of its kind or spe-
cies there occurs a more or less wide departure from the simple
alveolar structure. Diversity of function leads to structural mod-
ifications and these give rise to the morphological differences which
characterize the process known as differentiation. Depending
upon the type of cell chosen for study, much evidence can be found
to uphold the older ideas of the fibrillar structure of protoplasm
of Remak, Max Schultze, Flemming, and others, and those of the
net-like structure of Fromman and of Heitzmann. Even if one is
unwilling to accept Altmann’s bioblast theory in its entirety, one
must admit that protoplasm may appear granular and that the
gra:nules present are, in some cases at least, living functional ma-
terial, as has been amply shown in the case of enzyme secreting
cells.

The ﬁbr_illar nature of the protoplasm of tumor cells has of recent
years \;eig‘:hui strong confirmation by. the work of Mallory, Thomp-
son, Wo and others. The net-like structure is apparent in the
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intestinal cells of amphibia and other lower animals and in large
ganglion cells.

: Whenever, however, the simple alveolar structure of cytoplasm
18 departed from, the cell, whether metazoan or protozoan, is one
of such unusual size as to require supporting fibrils or net-works,
or of such highly specialized function that the departure from the
alveolar structure must be considered the morphological evidence
of the specialized physiological activity of the cell.

NUCLEUS AND CYTOPLASM AND THE PART OF EACH IN
CELLULAR ACTIVITY.

Just as the diversity of opinion as to the structure of the cell
resulted from the type of cell studied and gave way finally to unan-
imity when the proper material was used by a mind able properly
to value individual ‘minutiz and give them their place in a gen-
eralized whole, so also there have been various theories as to the
chief seat of cell function. Again the diversity of opinion was
dependent upon the type of cell selected for study. And, to carry
the analogy between the two lines of cell study still further, again
controversy is giving way to unanimity because of the study of
the proper material.

In the earliest cell studies originated by Schleiden, Schwann, and
their immediate followers the distinguishing morphological char-
acteristic which made possible the identification of the individual
cell as such was the delimiting membrane. To this was ascribed
great functional importance.

With the development of knowledge and the recognition that
protoplasm could undergo modifications, the cytoplasm became the
all important portion of the cell, and the variations in the size,
shape and structure of cells resulting from such modifications were
looked upon as the morphological expression of cytoplasmic activity.

Investigations into the phenomena of maturation, division, and
fertilization of sex cells brought to light the important role taken
by the nucleus in a number of highly complex processes. The
pendulum swung in the opposite direction—the nucleus became
the essential element of the cell. Up to within very recent years
the controversy has been maintained and much experimental work
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has been done to show, on the one hand, that denucleated portions
of protoplasm might manifest the evidences of living matter and
that non-nucleated cells might, theoretically at least, exist in nature;
and, on the other hand, that nuclei might live after they had b_een
freed of cytoplasm and that the latter was only of secondary im-
portance in the life of the cell.

The earlier work of Maupas (1888, 1889) and of R. Hertwig
(1889) upon the conjugation of the Infusoria, involving as it did
at the same time the consideration of processes much like those
which had led to the enthronement of the nucleus, and the study of
cells able to manifest a great variety of activities other than those
concerned in the so-called sexual process, was the beginning of a
transitional period. Further work upon protozoa by R. Hertwig
and his pupils led to the postulation by him (R. Hertwig, 1903
a and b, 1904) of a mutual interdependence of nucleus and cy-
toplasm. This doctrine of the nucleus-plasma relation has been
the stimulus for a large amount of confirmative work, which en-
ables one to state briefly that nucleus and cytoplasm are depen-
dent upon each other for their existence and for the expression
of their particular functions; that cellular differentiation, whether
the cell be a free living or colony forming protozodn, or a metazoan
sex or tissue cell, is the expression of this interdependence ; that, of
the various structures which help in producing morphological dif-
ferentiation, certain ones are directly, others more indirectly, nuclear
derivatives, and still others cytoplasmic derivatives formed probably
under the influence of the nucleus; and, that, finally, differentia-
tion is the means by which the single cell, whether it be free living
or a member of a colony or tissue aggregate, exercises the highly
specialized functions demanded of it as an individual.

RICHARD HERTWIG'S NUCLEUS-PLASMA RELATION THEORY.

Based on Gerassimow’s (1902) experiments upon the alga
Spirogyra, and his own on protozoa and egg cells, R. Hertwig
(19034, 1903b, 1904) pointed out that for each cell there is an
optimum size relation between nuclear mass and protoplasm mass
which may not permanently be departed from in either direction
without serious consequences, and in this connection he propounded
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his nucleus-plasma relation theory. According to this theory the
nucleus-plasma relation of a cell is represented by the quotient
obtained by dividing the nuclear mass by the protoplasm mass.
This figure is constant for each kind of cell and, as long as it
remains within certain physiological limits, the cell functions nor-
mally. If this is upset to the advantage of either nucleus or pro-
toplasm the cell is abnormal, and before it can function normally
it must restore its normal nucleus-plasma relation. Hence, there is
a struggle between nucleus and plasma which tends to preserve a
normal nucleus-plasma balance or equilibrium. R. Hertwig fur-
ther explains cell division upon the basis of his nucleus-plasma
relation theory as follows: In a recently divided cell the func-
tiona! growth of the nucleus is relatively slow in comparison with
that of the protoplasm, until, shortly before the next division, there
occurs an upset in the nucleus-plasma relation to the advantage of
the protoplasm, producing a nucleus-plasma tension which is the
determining factor in division. At this critical point, there sets
in a rapid growth of the nucleus—divisional growth—changing
the nucleus-plasma relation in favor of the nucleus and ending in
cell division, which results in a normal nucleus-plasma relation for
the daughter cells. These observations and conclusions of Hert-
wig have been confirmed by Popoff’s (1908) recent exact measure-
ments of the volume relation between mucleus and protoplasm in
Frontonia.

CELL GROWTH.

Popoff’s (1908) Frontonia work is of unusual importance be-
cause the conditions under which the cultures were kept could be
held uniform from division to division. Since all cellular activities
were, therefore, uniform from generation to generation one can
leave out of consideration all functions except those concerned in
cell growth. The variations within physiological limits of the
relationship of nucleus and plasma could be accurately determined
for every period in the life of the individual. This normal physio-
logical variation is determined by the normal rate of growth of
protoplasm for this particular cell. :
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Differences in the Rates of Cytoplasmic and Nuclear Growth i
Frontonia ot 25° C.

When examples of Frontonia were kept at a uniform tempera-
ture of 25° C. and were daily given regular amounts of fresh water
and food, division occurred every seventeen hours. The results of
exact measurements made at regular intervals gave the growth
curves given in Popoff’s Figure 9 (Chart 1).

During the entire period, from one division to another, the bulk
of the cytoplasm increases gradually with uniform regularity. The
nucleus, however, shows, at first, slight decrease in size (which
may be disregarded) and then a slower rate of growth than does
the cytoplasm. This continues until the difference in the amount
of growth reaches its greatest point during the fifteenth hour.

The Production of Nucleus-Plasma Tension and the Inauguration
of Division.

This point of maximum disproportion determines the moment of
nucleus-plasma tension which inaugurates the divisional growth of
the nucleus. During the sixteenth and seventeenth hours the nu-
cleus grows rapidly, the increase in bulk being considerably greater
during these two hours than during the entire previous fifteen
hours. The disproportion in the relationship between plasma vol-
ume and nucleus volume, a disproportion which has been greatly
in favor of the former, is overcome, and at the end of the seven-
teenth hour plasma and nucleus again bear the same relation to
each other that they did at the beginning of the first hour. The
volume of each, however, has been doubled and division occurs
with the formation of two cells each with the volume of plasma and
of nucleus, and with the relationship between the two, that are
characteristic for Frontonia kept at 25° C.

By dividing the cytoplasm volume by the nucleus volume, ob-
tained by measurements taken at regular periods, the nucleus-
plasma relationship is mathematically expressed and plotted by
Popoff in the curve given in Chart 2.

Leaving out of consideration the irregularity of the curve during
the first four hours, due to the initial actual decrease in the size
of the nucleus, the disproportion in the rate of cytoplasm growth
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growth of the nucleus. At the end of the seventeenth hour, whtfu
division occurs, the relation between nucleus and plasma is again
the same as at the beginning. ‘

A uniform rate of cell growth is a property inherent in living
protoplasm., But, because the greater rapidity of cytoplasm
growth as compared with nucleus growth leads to an upset in the
relation between nucleus and plasma, cell growth is sharply con-
fined within definite bounds, the reaching of whose limits results in
division.
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Cuart 2. (Popoff.) Change in the nucleus-plasma relation, due to the
variations in the rates of cytoplasmic and nuclear growth. #y represents the
point of maximum disproportion between nucleus and cytoplasm (nuclens-
plasma tension).

Alterations in the Growth Curve Due to Lowered Temperature.

In Frontonia cultivated under uniform conditions at 14 C,,
nucleus and plasma show the same kind of growth curves, and the
disproportion between the growth of the two is as gradually an in-
creasing one as characterizes the organisms grown at 25° C. Cel-
Iular activities are, however, greatly reduced at the lower tem-
perature and growth proceeds much more slowly. Division occurs
every ninety hours instead of every seventeen hours. The slowing
of the rate of nuclear growth involves not only the period of func-
tional growth but also that of divisional growth. The latter be-
comes lengthened to over ten hours, instead of being able to com-
plete itself in two hours as at 25° C. Cultivation in the cold leads
to the formation of cells with a uniformly slightly greater size than
is the case in those grown at 25° C. and with a permanently slower
rate of growth. By the mere change in temperature, cell growth
is so profoundly influenced as to increase the duration of the life
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of the individual over five hundred per cent. The fmportant point,
however, is that, although the size of the individual is permanently
increased and the rate of nucleus and plasma growth permanently
slowed, the volume relation between nucleus and plasma is the same
at any given identical points when two or more generations are
compared, and, furthermore, the curve runs the same course as in
animals kept at 25° C. The nucleus-plasma relation of the ani-
mals cultivated in the cold has, however, become permanently
changed, when compared with that for Frontonia grown at 25° C.
This is due to the fact that the increase in nuclear bulk, due to cold,
is greater than the increase in plasma volume. Although the nu-
cleus-plasma relation curve has the same course in 14° C. animals
as in those grown at 25° C,, the curve runs at a different level. The
changes which Popoff has noted in the growth curves of Frontonia
grown in the cold—increase in the size of the cells, a permanent
change in the disproportion between plasma bulk and nucleus bulk
slightly in favor of the latter when compared with animals grown
at 25° C., a permanent modification in the nucleus-plasma relation
as compared with 25° C. cultures, slowing in the rate of cell growth
and consequent prolongation of the time between divisions—all are
the results of decreased cellular activities produced by the action of
cold. And they are changes of the most profound importance
when comparison is made between tumor cells and normal tissue
cells.

Popoff appears to have proven experimentally the correctness of
R. Hertwig’s (1903b) contention that normal cell division is the
result of normal cell growth and that the former is a regulatory
process whose purpose is the control of the latter. The prime
factor in division is the nuclens-plasma tension produced by the
maximum disproportion between plasma and nucleus, a dispropor-
tion which is due to the greater rate of cytoplasm growth ‘over that
of nucleus growth. When the condition of nucleus-plasma ten-
sion has once inaugurated the divisional growth of the nucleus,
division must occur and cannot be avoided. Cell growth and divi-
sion automatically control each other.
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Prolongation of the Period of Growth by the Prevention of
Nucleus-Plasma Tension.

That the factor of chief importance in division in its relation to
normal cell growth is the condition of nucleus-plasma tension,
which occurs at the time of greatest disproportion between nucleus
growth and plasma growth, has been shown experimentally by Pop-
off in Frontonia. By removing a portion of the cytoplasm at
a time before the divisional growth of the nucleus had begun, that
is, at a time when the disproportion between nucleus and plasma
had not yet reached its height, division of the cell could be delayed
for varying periods. In one case, by repeating the operation from
day to day as the removed cytoplasm was renewed by growth, but
always at a period before the growth had reached such a maximum
as to produce nucleus-plasma tension, division was delayed for a
period of twelve and one-half days. The life of the individual
was increased from ninety hours to three hundred and ninety hours
—an increase of four hundred and thirty-three per cent., and this
in a 14° C. animal, in which low temperature had already pro-
longed the growth period five hundred per cent. as compared with a
normal 25° C. animal. Cell growth is, therefore, a property of
normal protoplasm which can be almost indefinitely prolonged if
conditions are so altered by slowing the rate of cytoplasm growth
that the moment at which the preponderance of cytoplasm volume
over nucleus starts the divisional growth of the nucleus is post-
poned.

Indefinite Prolongation of the Growth Period not Possible because
of the Exhaustion of Growth Energy when Division is
Prevented.

Growth is not indefinite because the initial growth energy with
which a cell is endowed is sooner or later used up even if nuclear
division can be prevented. In Popoff’s Frontonie, whose division
was prevented by repeated operative removal of portions of cyto-
plasm, the cells finally went into physiological degeneration and
died without division. The animals died with all the evidences of
senility—sluggishness of motility, inability to take food and con-
densation of protoplasm. For the renewal of the energy used
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up in growth there become necessary certain phenomena other
than the usual asexual division.

UPSET OF THE NUCLEUS-PLASMA RELATION.

In Protozoa.

It has been established by the work of Maupas, Calkins, R. Hert-
wig, and the latter’s pupils, that certain protozoa, when cultivated
for a considerable period of time, cease to multiply, go into depres-
sion and, finally, undergo physiological degeneration and die. Be-
fore complete degeneration and death take place, there occur alter-
nate periods of depression and recovery with active multiplication.
R. Hertwig (1900) discovered that during the depression periods
the nuclear material is not only relatively but actually increased in
relation to the protoplasm; that is, that the normal nucleus-plasma
balance is upset in favor of the nucleus. In Paramecium, Fron-
tonia and Stylonychia in this condition larger and smaller portions
of the macronucleus are broken off and destroyed. In Actinosphe-
rium eichhorni, a multinucleated heliozodn, R. Hertwig (1904)
has shown that in overfed cultures, there occur periods of rapid
multiplication alternating with periods of deep depression. Dur-
ing the latter, there occur marked evidences of increase of nuclear
material, as is shown by nuclear hypertrophy (and at certain stages
producing giant nucleus formation), hyperplasia and hyperchro-
matism, associated with marked degenerative changes in the pro-
toplasm, such as retraction, thickening and loss of pseudopodia,
plasmogam, condensation and thickening of the protoplasm, and
even areas of necrosis of the latter. The degenerative changes of
the nuclei are pronounced and varied, and embrace dissolution and
resorption of nuclei (the protoplasm of this animal has developed
to a high degree the property of breaking down nuclear material),
nuclear fusion, and, most remarkable of all, the reduction of nu-
clear material by the passage of chromidia from the nuclei into the
protoplasm, where they are either broken down, often with pig-
ment formation, or extruded. Thus by destruction of superabun-
dant nuclear material accumulated during excessive function and
rapidly repeated divisions, this animal may reorganize or regulate
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itself, and, so, recovering from depression, it may again feed and
multiply. After depression and recovery have repc:.ated t.hemselves
several times, the animals fall into fatal depression .thh_hyper-
nucleosis and markedly degenerated protoplasm—physiological de-
generation——and the culture dies qQut. One of us (quard, 1908)
has confirmed and amplified Hertwig’s findings in depressed
Atcinospherium.
In Sex Cells.

R. Hertwig (1903 a), Goldschmidt and Popoff (1907), Popoff
(1907 @ and b) and Moroff (1909) have called attention to the
occurrence of chromodiosis previous to division in sex cells. Pop-
off (1907a) has shown that after the rapidly repeated divisions of
the spermatogonia and the ovogonia stages, the cells are in de-
pression, make abortive attempts at division and finally regulate
themselves by chromodiosis before division can start again. A
large proportion fail to regulate themselves and die at this stage.
It seems probable, indeed, that the maturation divisions of egg
cells are in part, at least, regulatory phenomena. Sex cells after
the maturation process are still in depression, for, unless conju-
gation occurs, they perish.

In Tissue Cells.

It is a well-established fact that the cells of the blood have a
relatively short life. The older leucocytes present various evi-
dences of depression, including condensation and lobulation of
their nuclei. Ganglion cells of old animals present striking evi-
dences of an upset in the nucleus-plasma relation. Of the various
somatic cells of which we have accurate studies, the thymus cells
bear the most striking relation to our theme.

The development of the thymus and the life history of its cells
have been studied recently in Hypogeophis rostratus by Marcus
(19o8). His findings may be epitomized as follows:

The cells of the thymus anlage are at first exactly like those of
the neighboring intestinal epithelium from which it is derived—
cylindrical epithelial cells with oval nuclei and

i : . a small =
plasma relation. During a period of relatively g

slow growth the
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nuclei of the cells become larger, the cytoplasm decreases in amount,
and the epithelium becomes lower, resulting in a nucleus-plasma
relation somewhat in favor of the nucleus. The nuclei are now
from 7.5 to 9.0 micra in diameter and the cell bodies are of con-
siderable size. With the separation of the thymus vesicle from
the intestine, there occurs an intensive growth, in which the cell
divisions take place so rapidly that the daughter cells do not have
the chance to reach the size of the mother cells. Thus the vesicle
becomes a compact mass of small cells, the nuclei of which at the
end of this stage have about half the surface of those at the outset.
The cytoplasm is diminished even more in proportion, some cells
possessing very little recognizable cytoplasm. In this manner arise
the so-called “lymphoid” cells of the thymus, which are depressed
cells with a nucleus-plasma relation markedly in favor of the nu-
cleus. The nuclei have not only gained in size relatively, but are
highly hyperchromatic.

While the chromosomes of the dividing nuclei in the previous
stage are slender, delicate rods, now they are deformed, clumped
in large, square or round ball-like masses, unfitted for exact divi-
sion. This leads to pathological mitoses, and thus there occur all
transitions from normal to degenerative nuclear and division struc-
tures—heteropolar mitoses, clumped chromosomes and single chro-
matic balls. At this time the organ is composed of a single type
of cell, the “lymphoid ” thymus cell, whose characteristics are indi-
cated above. It can no longer divide and its functional and assim-
ilation capacities must be at a low ebb: it must die unless repara-
tion in some form occurs.

The next stage in the evolution of the organ is marked by the
appearance of cells of the “epithelioid” type, originating from
the “lymphoid ” cells, which increase in size by growth of the cyto-
plasm. The nuclei of the “epithelioid " cells are hyperchromatic,
increased to twice the normal size, and are diplocaryotic nuclei in
Boveri’s sense. When these cells attempt to divide, their chromo-
somes are ill-shaped and abnormally large, often to such a degree
that division is arrested. From this abnormal state various repar-
ative and degenerative changes may be traced. By reduction of
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the nuclei by chromidiosis and by growth of th(? cytoplasm th.e
may be produced very large cells with pale nuclei. The most 1
portant degenerative changes are the production. of achroma
nuclei, vacuolization and hyaline degeneration of the cytoplass
and the degeneration of chromidia with the formation of lax_'g
and smaller masses of nucleolar substance, giving rise to eosin
philous granules in the cytoplasm. Further, in some nuclei the
occur appearances strikingly suggestive of the synapsis stage
sex cells. Many of these large “ epithelioid ™ cells fuse by pro
esses (plasmogamy), as often observed in depressed protozoa, ar
form large protoplasmic masses with. two or more nuclei TI
central portions of such masses show various stages of degener
tion and thus the Hassall bodies are formed.

Marcus sets forth the direct bearing of these various stages
the development of the thymus cell upon Hertwig’s nucleus-plasn
relation theory, and indicates the striking analogies between tl
depression states of the thymus cell and phenomena observed 1
Hertwig, Popoff, himself and others in protozoa and in sex cell
Marcus also indicates the relation of the changes in the thymus ce
with metaplasias occurring in this organ—the development of mu
cous cells, striated muscle cells and ganglion cells—and with tt
various histological differentiations found in dermoid cysts.

THE NUCLEOLAR SUBSTANCE.

In what has been said above, the ubiquitous relationship of tt
nucleus to the biological processes occurring in normal and abno
mal cell life has been pointed out. In the diverse functions of tt
nucleus and in its varying relationships to the cytoplasm the aci
staining material known variously as oxychromatin, nucleolar sul
stance, plastin, pyrenin, etc., plays an important réle. In what
to follow, the term karyqsome will be used in preference to nucle«
lus and plasmosome. Whether the plastin present in the intrami
clear body is combined or not with chromatin is a matter of seco:

dary importance. The chief point is the presence in the karyosornr
of plastin.
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The Relation of the Nucleolar Substance to Vegetative Function
and to Reproduction.

Moroff (1908), in his exhaustive study of several species of
Aggregata, concludes that the karyosome has a purely vegetative
function. Applying the doctrine of nuclear duality to nuclei which
are morphologically single, he concludes that the karyosome is the
somatic nucleus of the cell and is directly comparable to the mac-
ronucleus of the Ciliata. Up to a certain point one must agree
with this author. The participation of plastin in the secretory ac-
tivities of plant and animal cells is known. In these cells it may
occur diffused throughout the nucleus, either combined or uncom-
bined with chromatin, or it may be collected into a single larger
intranuclear mass either free of chromatin as a true nucleolus or
plasmosome or united with chromatin as an amphinucleolus or
compound karyosome. But it is also a well-established fact that
plastin takes part in the formation of chromosomes. Furthermore,
the material of the karyosome plays an active part in the formation
of those intranuclear, amitosis-like figures which are formed dur-
ing the division of a number of protozoan nuclei, nuclei belonging
to the type fermed centronucleus by Boveri. The karyosome and
its constituent nucleolar substance may have, therefore, not only
vegetative or somatic functions, but also animal or reproductive
properties. R

The Réle of the Nucleolar Substance in the Organization of
Chromaiin.

The chemical differences between plastin and chromatin rest
upon too insecure a basis to permit an attempt at the correla-
tion of function and chemical composition. The recently expressed
view of Rifizicka (19o8), that plastin is a complex albuminoid
or albuminoid-like substance built up from more labile protoplasmic
compounds and that it may be broken down into the relatively less
complex chromatin, is not at variance with known facts but adds
nothing essentially fundamental for the explanation of those facts.

However varied or important may be the part taken by the
nucleolar substance in nuclear and cellular phenomena, the chief
virtue of the material lies in the relationship it bears to the chro-
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matin. The most acceptable expression of this relationship we owe
to R. Hertwig (1902a). Ignoring, in the present state of our
knowledge of cytochemistry, the question of the nature of .the
nucleolar substance, Hertwig demonstrates the intimate relation-
ship between this substance and chromatin, and explains the func-
tions of the former by means of this relationship. According to him,
the material from which chromatin is derived is formed in the
cytoplasm and exists there in a form not to be recognized, because
it has, at this stage, no characteristic staining reactions. The
union, within the nucleus, of this prochromatin, if one may coin the
word, with the nucleolar substance results in the formation of the
basic staining material which we call chromatin, and in this organi-
zation the chromatin becomes visualized.

The Utilisation and Fate of Chromatin in Cellular Function.

Excessive nucleolar substance may be stored in the karyosome,
to be used in the further production of chromatin as may be
required by the activities of the cell. From the nucleus, chromatin
and its derivatives return to the cytoplasm to be used in the vegeta-
tive functions of the cell and in the formation of many of the mor-
phological differentiations associated with these functions. When
the chromatin leaves the nucleus in the form of granules or masses,
the nuclear origin of these bodies is apparent from their property
of being stained with the basic dyes. In the further changes which
these chromidia may undergo, the basic staining property gradually
becomes lost and the granule or mass takes the characteristic oxy-
chromatin stain. An identical series of changes can be seen in
the karyolysis and karyorrhexis which occur in a number of de-
generative processes. As the basic staining material disappears
from. the nuclei the plastin again comes into view. Finally, this
also loses its identity. It has been recently pointed out by one of
us (Schultz, 19og, in association with Corlett) that in the produc-
tion of keratohyalin in the epidermis there occurs a similar suc-
cession of changes.

C_hromatin would seem to be, then, an unstainable material de-
rived from the cytoplasm plus nucleolar substance. The latter
is the material by which, on the one hand, the nuclens derives from
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the cytoplasm the substances necessary to the former and by means
?tf which, on the other hand, the nucleus controls the varying activ-
{tles of the cell. The hucleolar substance, therefore, is of prime
importance in the interdependence which exists between nucleus
and cytoplasm and is necessary for the maintenance of a proper
nucleus-plasma relation,

Hertwig’s idea concerning the nucleolar substance may be ex-
pr(‘assed diagramatically, and the same means may be used for ampli-
fying this idea and for making clear certain of the events which
oceur in the regulatory phenomena necessary for maintaining the
proper balance between the nucleus and plasma. In the diagrams
the chromatin is represented by black, and nucleolar substance by
shading.

TEXT-FIGURE 1, TEXT-FIGURE 2,

The participitation of the nucleolar substance in the formation of
chromatin is illustrated by Text-figure 1, the passage of materials
into the nucleus, where they become visualized as chromatin, being
indicated in this and in Text-figures 2, 3, 4, 5, and 6 by the arrow
(e). If there is no excess of nucleolar substance stored in a mor-
phologically differentiated intranuclear body, this process results in
the formation of a nucleus with chromatin more or less diffused.
This chromatin visualization is only one side of the nucleus-plasma
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equation. In Text-figure 2 is shown a further stage, the passa
of chromatin derivatives into the cytoplasm, there to be used in t
activities of the cell. This step is designated by the arrow (¢
If the nucleus contains a nucleolus, chromatin may be deposited he
and then passed on in order to become diffused thrcug:hout the r
cleus, as represented by the arrow (&). Text—.ﬁgure 2 1llu_strat'es,l
diagrammatic fashion, the course of events in the gre:at majori
of tissue cells, those cells with a not very active function. Frc
the nucleus, materials are constantly given off to the cytoplasm
unstainable material, fresh chromatin is being constantly forme

TEXT-FIGURE 3. TEXT-FIGURE 4,

and the two processes balance each other, Text-figure 3 represen
the same series of events as Text-figure 2, except that cellular fun
tion is much more active, larger amounts of nuclear materials as
necessary in the cytoplasm for the very active function, and the:
is a chromatin formation sufficiently active to keep nucleus an
plasma in equilibrium. Such a process occurs in many protozo
and in certain metazoan cells, notably gland and ganglion cell
The increased demand of the cytoplasm for nuclear material
leads to the extrusion from the nucleus of masses and granule
which take the chromatin stains, extranuclear chromatin of varie
morphology making up the chromidial apparatus of Goldschmic
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(19046). Nucleolar substance uncombined with chromatin may
also be given off to the cytoplasm, as indicated by the arrow (d).
In Text-figures 2 and 3 we are dealing with cells with a normal nu-
cleus-plasma relation because of the perfect balance maintained be-
tween the using up of nuclear materials (¢) and the formation of
chromatin (¢). The remaining text-figures illustrate the mechan-
ism in the disturbance of the nucleus-plasma relation due to abnor-
malites in one or both links of the chain. If in such a cell as is
represented by Text-figure 2 the passage of nuclear materials into
the cytoplasm (c) remains normal, or is decreased by loss of func-

TEXT-FIGURE 5. TEXT-FIGURE 6,

tion, while the passage of chromatin forming materials into the
nucleus is increased (¢), the latter becomes loaded with chromatin,
as shown in Text-figure 4. Such hyperchromatic nuclei are indic-
ative of an upset of the nucleus-plasma relation in favor of the
nucleus, a disturbance characteristic of the depression seen in pro-
tozoa, in certain stages of the development of sex cells, in thymus
cells and in tumor cells. If now, as indicated in Text-figure 5, the
passage of nuclear materials into the cytoplasm (c¢) can be
increased to such a degree as to approximate almost or wholly the
increased chromatin formation (@), the hyperchromatism decreases,
the nucleus approaches the normal in appearance, and the depres-
sion is more or less completely overcome. One of the evidences of
this increased passage of nuclear materials into the cytoplasm is the
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presence of chromidia. Chromidiosis as a regulatory mechanism,
a process for the reéstablishment of a normal nucleus-plasma rela-
tion, occurs in depressed protozoan, thymus and egg cells and, as
we shall show, in tumor cells. In the production of depression
characterized by hyperchromatism, actual or relative increase in
chromatin formation is the active link in the chain of events,
There is, however, the possibility of depression due to increased
chromatin destruction, as shown in Text-figure 6. If a cell is
thrown into a condition of functional hyperactivity the cytoplasm
makes an increased demand upon the nucleus for nuclear materials.
If the passage into the nucleus of those cytoplasmic substances
which unite with nucleolar substance to form chromatin cannot
keep pace with the excessive chromatin consumption, the chromatin
originally present in the nucleus and in the karyosome disappears
from both and the nucleus becomes pale. The cell is in a condition
of depression because the nucleus-plasma relationship is markedly
disturbed in favor of the cytoplasm. The end of the process is a
complete dechromatinization of the nucleus and’ death of the cell.
The occurrence of such a series of phenomena has recently been
demonstrated by Dolley (1909) in hyperstimulated ganglion cells.

Whether, ‘in this dependence of chromatin upon nucleolar sub-
stance, the necessary amounts of the latter are formed only in the
nucleus from materials derived from the cytoplasm, or whether
nucleolar substance can be preformed as such in the latter situation,
cannot be definitely stated. The constant production of nucleolar
substance, however, would seem to be a premise required for the
explanation of the continuous formation of chromatin and the
ceaseless transference of nuclear materials to the cytoplasm. That
the production of nucleolar substance may become excessive and

exceed all the probable demands of the cell we shall point out later in
tumor cells.

THE PREVENTION OF AND RECOVERY FROM DEPRESSION,
REGULATORY PROCESSES.

The Avoidance of Depression.

It has been pointed out in the foregoing pages that cells in general
tend to fall into depression. In normal cells with a normal divi-
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sion rate, the functional activities of which are not interfered with,
depression is avoided by the regularly repeated divisions and by the
using up of nuclear and cytoplasmic materials in differentiation and
functional activity. When, in cells readily capable of division,
functional activity is increased, due to overfeeding in protozoa,
for instance, there is marked increase of nuclear material 