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1. INTRODUCTION. 
The microscopy of the malignant cell has’ received the attention 

of large numbers of investigators, who have sought for some defidte 
S 
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morphological criterion of malignancy. The early literature of 
cancer research contains descriptions of abnormal cell structures, 
and cytological processes which have been regarded aa distinctive 
of cancerous growth. Subsequent investigations, however, have 
failed to establish any precise cytological diagnostic characteristic 
of cancer. The cells of new growths, nevertheless, present a wide 
range of pathological variations, of particular interest fsom the 
point of view of cellular pathology, but which in  some cases 
have .been erroneously interpreted, and have consequently led to. 
fallacious theories as to the origin of cancer. 

This paper is devoted to a review of the cytology of new 
growths in the light of recent advances in general cytology, con- 
sidered in  relationship with modern experimental work on the 
pathology of the cell. Certain new observations have also been, 
included to make some sections more complete. An attempt has 
been made to summarize observations and theories in  the form of 
diagrams, either original, or else constructed from authors’ figures, 
drawn in a more diagrammatic manner than the originals. This 
pictographic method has been adopted, as being more precise, and 
more compact than it is possible for merely verbal description to 
be. It enables the reader to survey a wide field, more easily, and 
more rapidly, than is possible in any other way. 

2. THE NATURE OF TUMOUR GROWTH. 

In order to interpret correctly the significance of the cytological 
features presented by tumours, it is necessary to take into con- 
sideration the nature of their growth. Fig. 1 represents diagram- 
matically the essential differences in growth concerned in the 
repair of injury, the growth of tissue cultures, and growth of 
betiign and malignant tumours. When a portion of the epidermis 
of the skin is removed, a slight hypertrophy ensues around the 
margin of the wound, and cell growth proceeds until closure of the 
wound is effected, and then the repair process terminates. Should, 
however, the fragment of epidermis which has been removed be 
set up as a tissue culture in an appropriate medium, cell growth 
is continuous so long as sub-culturing is resorted to. Turnour 
growth, like that of a tissue culture, is a continuous process. In 
benign tumours growth is slow, and it is restricted in its range. 
Malignant, or cancerous growth, on the other hand, is usually very 
rapid, although there is considerable variation in rate of growth, 
The distinguishing feature of the malignant tumour, however, is 
its property of penetrating surrounding, or subjacent tissues. 
Infiltration also occurs through the lumen of blood vessels and 
lymphatics. Furthermore, malignant cells break away from the 
primary growth and are carried along by the blood or lymph, 
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and may eventually give rise to metastases in remote parts of 
the body. 

It has been shown by Russell (a)* and Woglom (60) that when 
a successful transplantation of a turnour is made into a new host, 
the tumour cells exercise an attraction on the fibroblasts and 
endothelial cells of the animal, such that these cells grow into the 
fragment of tumour, forming a new stroma with blood vessels 
which supply the nutriment necessary for continuous tumour 
growth. In the absence of this reaction on the part of the new 
host, the tumour cells degenerate and die. Similarly, when P 

cancerous growth is spreading, the stroma grows with the malig- 
nant cells. Occasionally, the growth of the malignant cells exceeds 
that of the blood vessels ; sometimes, alsb, the newly formed blood 
vessels are insufficient to maintain the proper nutrition of the 
tumour cells ; in both such cases degenerative changes are mani- 
fested. Necrosis follows degeneration, and the products of autolysis 
of dead cells may exert a stimulating influence on the growth of 
surrounding ones, as has been shown by Drew to occur in tissue 
cultures (9). I n  the light of recent advances in experimental 
cytology, it seems probable that the abnormalities met, with in the 
cells of new growths occur as the result of such disturbances of the 
normal manner of cell nutrition. 

3. THE CAUSE OF CANCEROUS GROWTH. 
Various theories have been put forward to explain the cMse of 

cancerous growth. They may be conveniently classifled as 
follows :- 

(a) The Embryonic Rest Theory.-This hypothesis, with which 
the name of Cohnheim is associated, is based upon the assumption 
that during fe ta l  lile groups of embryonic cells become segregated 
in the normal course of development, and then in later life. owing 
to changes in the blood supply, they assume independent growth. 
Somewhat similar is the conception that cancerous growth is a 
kind of asexual reproduction initiated by undifferentiated cells. 
Although there are certain tumours which seem best explained by 
this theory of embryonic rests, yet it does not afford a satisfactory 
explanation of the vast majority of cancers. 

(b) me Parasitic Theory conceives of cancer as being caused 
by a parasitic micro-organism. Very many different kinds of 
cancer parasites have been described. Some so-called parasites 
have been artifacts prodnced by unsatisfactory histological tech- 
nique. Products of cellular degeneration have been misinterpreted 

* The italio figures within brackets refer to the Bibliography at the end 
of the paper. 
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and designated as parasites, while bacterial infections of ulcerated 
wounds have also been misunderstoocl. 

(c)  Cytological Theories.-(i) The Gametic TJteory is based upon 
a similarity which has been said to exist between the method of 
cell division in tumour cells and that of the germ cells (meiosis, or 
heterotypic mitosis). Both germ cells, and cells which have become 
malignant, are said to have passed out of somatic co-ordination. 
The environment in the case of the germ cells is such as to induce 
&he formation of gametes ; but with cancerous cells these environ- 
mental factors are lacking, and the result is the production of 
a group of cells living in a parasitic manner upon the parent 
organism. This view was' originally put forward by Farmer, Moore, 
and Walker. It has been much criticized, owing to the fact that 
most cytologists do not agree that 
meiosis-occuis in cancer cells. 

(ii) The Chromosome Theory.- 
NORMAL SKIN 

Bove; suggested that malignancy 
was initiated by abnormal mitoses 
which resultad in the production of 
a cell, the chromatin content of which 
was such as to permit of the continued 
existence of the cell, while the factor 
for arresting cell division was lost. 
Reiss has recently attempted to ex- 
plain the origin of tar tumours on 
this hypothesis, Definite cytological 
evidence, needless to say, is lacking. 

(d) T h  Irritation Theoiy.-This 
was originally formulated by Virchow, 
and has considerable support at the 
present day. Irritant factors, of various kinds, cause injury, 
which is followed by repair. Gontinuous irritation of cells, 
however, may result in an aberration of the repair process, which 
constitutes cancer (see fig. 1). This is really the only theory 
which has a mass of experimental evidence in its favour. Amongst 
the numerous irritant factors which are known to cause cancer 
are X-rays, chemical irritants such as tar and arsenic, and animal 
parasites. Certain of the theories previously discussed have been 
applied to explain what happens to cells subjected to the irritant 
process. Thus Walker (48) and Reiss (41) have regarded chronic 
irritation as the causal factor of the cytological processes they 
consider significant of malignancy. 

Most of these theories have been discussed fully elsewhere 

€pi Aerm is. 

'Bnnicu to 
CmROJu r j e m  i s ,con taini r q  

Llod vessels aob 
Igtnpbdics. 

FIG. 1. 
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(see Second Scientific Beport of the Imperial Cancer Research 
Fund). They have been mentioned here YO as to indicate t h e  

REPAIR OF INJURY 
Brhon of Epidermis mrnoveh. 
aob plaoteb as a k u _ e s u l t o r e  

TUMOUR GROWTH 

BENIGN TOMOUR 

MALIGNANT TUMOUR 

FIG. l.-lhgramruatic representation of the essential differences in 
growth concerned in the repair of injury, the growth of tissue 
cultures, and growth of benign and malignant tamours.- 
Original. 

general nature of the cytological processus, which have been 
regarded as fundamentally important in cancerous growth. 
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( e )  T h e  Cancer rims.-The recent researches of Gye and 
Barnard* have shown that there are two factors concerned in 
cancerous growth :- 

(i) A filterable virus (or group of viruses) ; and 
(ii) A substance-the specific factor, which has been obtained 

from tumour extracts, and without which the virus is ineffective. 
It is believed that continued irritation induces a condition 

under which infection can occur. Gye says that “ the  virus 
probably lives, and multiplies in the cell, and provokes the cell to 
continued multiplioation.” 

4. THE MICROSCOPIC STRUCTURE OF THE CANCER CELL. 

In the typical dedifferentiated cancer cell, as in B typical 
normal somatic cell, the following structures can be distinguished 
when the appropriate cytological technique is employed :- 

Mitoohondria. 
,Living Inclusions( Golgi Apparatus. 

L h i W  
Membrane 

\Archoplasrn with 
oentrosomes. 

representing food 
materials undergoing 
metabolism. 

Vacuoles ; and Oanaliculi, constituting the 
Holmgren Trophospongium. 

/ CYTOPLASM Non-living Inclusions-Metaplastic granules, 

\ 
Uhromo- 
somes. 

Linin 
Net v o r k 

NUCLEUS Nuoleer -Chromatin 
Membrane Granules 

/ c ~ E ~ E m e ~  
Nucleoli\Pl&stin 

(Phsmosome) 

In addition, products of cell degeneration are often present, 
and as the result of phagocytosis, other cells, or fragments of other 
cells, may be included in the cytoplasm of the tumour cell. 
Malignant gland cells, also, may contain products of secretory 
activlty, either in the form of granules, or as droplets, while 
tumours of the gastro-intestinal tract commonly contain mucus. 

Another cell inclusion in some tumours is glycogen, which 
occum as water-solulle granules. 

* The ‘ I  Lancet,” ccix, No. 5316, 1925. 
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5. DIFFERENTIATION AND CLASSIFICATION OF TUMOURS. 
Usually, the more malignant a tumour, the closer its cells 

approach the embryonic type in general appearance. J. A. Murray 
and W. H. Woglom (38) found that with tar tumours of the 
mouse, as a general rule, the more easily the malignant conditiop 
was produced, the nearer the normal was the differeiitiation shown 
by the tumour, and vice versa. 

FIG. 2.-Cellular differentiation in tumour cells. 
a. Highly differentiated oell from a rhabdomyome (heart-muscle 

b. Group of cells from Jensen’s carcinoma of the mouse, after 

c. Ascinu~ from an sdeno-carcinoma of the mouse, after Ludford (30). 
(gb-Golgi bodies). 

tumour), after Msllory (35). 

Ludford (300). 

The cells of some turnours show a high degree of differentia- 
tion, so that it is an easy matter from cytological examination to 
detekine the tissue from which the growth originated. This is 
the basis of most systems of classification of tumours, which are 
thus named according to the tissue from which they are considered 
to have been derived. Such systems of classification are set out 
in full in the text-books (11, 35). 
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I n  fig. 2 at ( la9 ’  is seen a highly differentiated cell from a 
rhabdom yoma (heart-muscle tumour). Both longitudinal and cross 
striations are visible. At b ” is shown a group of cells from 
Jensen’s carcinoma of the niouse, where the Qolgi bodies ( g b )  
are irregularly scattered in the cyto lasm of the cells, Almost 
identical is the appearance of the ce Y 1s in  some mammary-gland 
tumours, but in others differentiation OCCUFS resulting in the for. 
mation of acini. The Golgi bodies ( g  b)  then become collected a t  
the pole of the nucleus bordering on the lumen of the acinus, as 
shown at “c,” fig. 2. The same section may show both types of 
arrangement of the Golgi bodies. 

6. THE RELATION BETWEEN TEE GOLGI APPARATUS OF 
TUMOUR CELLS AND THEIR PROTOTYPES. 

Of the various cell organs, the Golgi apparatus shows the 
greatest. degree of variation in different types of cells, varying as 
it do& from scattered bodies, or a compact juxta-nuclear group of 
rodlete, to a network extending partially or completely throughout 
the cytoplasm. In most tumour cells the form of the Golgi 
apparatus resembles very closely its appearance in the tissue from 
which the tumour has originated. 

Fig. 3 shows the Golgi apparatus in cells of the epidermis of 
the tongue, and’also in a number of transplantable turnour cells. 
It will be seen that practically all the variations in the form of 
the apparatus met with in these tumours correspond to some stage 
or other of the sequence of changes undergone by the epidermal 
cells during their passage from the lowest layer of cells of the 
stratum mucosum to the cornified superficial layer of the epidermis. 
I n  some tumours the apparatus is coarse 8s at  “g:’ in others 
delicate in form as a t  ‘( f” ; sometimes it is relatively small as a t  
“ ti,” sometimes rather irregular in shape as at (( e.” I n  other 
tumours it varies in  form between a network and scattered rodlets, 
as shown at  ‘ I  a,” ‘ I  b ” and “c.’) Notwithstanding such variations, 
which are probably associated with differences in rate of growth, 
the general similarity between the apparatus of the tumour cells 
and that of the normal epidermis is clearly apparent. 

In  the cells of fibroblastomata (malignant fibroblastic tumours) 
the Gdgi  apparatus is identical in form in fibroblasts and in those 
tumours which have been studied, as can be seen in fig. 4, which 
represents a normal fibroblast, “a,” a cell from Jeasen’s rat 
sarcoma, ‘ I  6,’’ and a cell from a mouse sarcoma, “ c,” Tbe same 
figure also shows the essential similarity of the apparatvs in 
lymphoblasts, ‘ I  d,” of a lymph node, and in the cells of 8 lympho- 
sarcoma of the dog, I‘ 8.’’ This latter tumour is an infective one, 
being transmitted during coitus, and has been believed to be 
caused by nn ultra-microscopic virus. 
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It is of interest to note that whatever the cmisative agent of 
the cancer, the form of the Golgi apparatus, in cells of the same 
histological type, is similar, Thus, in carcinomata of spontaneous 

EPIDERMAL CELLS OF TbNGUE TRANSPLANTABLE TUMOUR CELLS. 

FIG. 3.-Similarity in tbe form of the Golgi apparatus in normal epiderval 
cells, and in transplahtable tumour cells of epidermal origin. 

a. Jensen’s carcinoma of mouse. 
b. Adeno-carcinofia (Mouse 27). 
c. Squamous-cell carcinoma (Mouse 630). 
d. Alveolar carcinoma (Mouse 113). 
e. Adeno-carcinoma (Rat 9). 
f. Alveolar carcinoma (Mouse 206). 
g. Hemorrhagic alveolar cardnoma (Mouse 91). 

The numbers are the reference numbers of the Imperial Cancer 
Research Fund. 

a. After Ludford (30) ; the other figures after Da Feno (5). 

origin, in transplantable growths, and in  tar turnours, there may 
be no fundamental difference in the form of the apparatus, while 
in tranSplantable sarcomata, and in the Rous sarcoma the appa- 
ratus is almost identical in appearance. 
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SARCOMA CELLS 

LYMPHOBL ASTS LYMWO5ARCOMA CELLS 

FIG. 4.-Similarity in the form of the Golgi apparatus in fibroblasts 
and sarcoma cells, and in Iymphoblasts and lymphoblastoma 
cells. 

a. Normal fibroblast. 
b. Jensen's sarcoma of the rat, after Ludford (29). 
c. Spindle-cell sarooma of mouse, after Ludford (29). 
d. Lymphoblasts from lymph node. 
e. Oells from infeotious lympho-sarcoma of the dog. 

(gu-Golgi apparatus.) 
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7. POLARITY OF THE CYTOPLASMIC ORGANS. 
Although there is a definite resemblance between tumour cells 

and their prototypes, the distribution of the cytoplasmic organs, 
mitochondria and Golgi bodies, exhibit variations. Fig. 5 shows 
at ‘ I  a,’’ the polarized distribution of the cytoplasmic organs which 
exists in epidermal cells, both normal and malignant, when they 
are in contact with a well-developed stroma, and at “ b  ” and “ c ” 
the absence of polarity in other oases (see also fig. 3). A similar 
polarized distribution is seen in the acinous parts of adeno-carcino- 
mata (gland-cell tumours). In these cases again each acinus is 
surrounded by stroma. Such appearances suggest some form of 
interaction between connective tissue arid epidermal cells. It is 
interesting to note, in this connexion, that A. H. Drew (9) found 

LOWEST LAYER OF C € L S  OF PETE 
MUCOWM Of SKlN,AND TUNOUq 

CELLS ADJOINING A WEL L DEVELOPED 
ST-. 

TUMOUR CELLS 

FIG. &-Diagram showing variations in the distribution of the cytoplasmic 
organs in normal a d  in tumour oells.-OriginaZ. 

that differentiation occurred in tissue cultures of epidermal and of 
gland cells when fibroblasts were introduced into the cultures. 
Under such experimentally controlled conditions, keratinization 
occurs in cultures of epidermal cells, and Rcinous formation results 
in cultures of glandular epithelium. Evidently then, the connec- 
tive tissue exercises an influence on epithelial cellR, both normal 
and malignant, and this influence is manifested cytologically by 
the polarized distribution of the cytoplasmic organs. 

8. CELL HYPERTROPHY. 
Of the abnormal conditions exhibited by new growths hyper- 

With increase in trophy of the cells is one of the commonest. 
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volume of the cells both nucleus and cytoplasm are proportionately 
enlarged, as can be seen from fig. 6. Sometipaes, as in the upper 

h 

FIG. 6.-Hypertiophied cancer cells. 
a, b.-Fibro-sarooma (Rat 16). 
c. Adeno-carcinoma Mouse 27). 
d. Adeno-carcinoma {Rat 9). 
e. Polymorphous-cell sarcoma of vertebral column (Mouse 1030). 
f. Tar cancer (Mouse 1969). 
g. Tar cancer Mouse 1969). 
h. Tar cancer [Mouse 16710). 

(ga-Golgi apparatus ; m-mitochondiia.) 
Figs. a-e after Da. Fano (5) ; figs. fTh after Ludfokd (3.3'3). 
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cell at ‘ I  h,” the nucleus increases in size without dividing ; in 
other cells the nucleus becomes lobed, e ” and “ g  ” ; while often 
nuclear divisioh occurs, resulting in two or more nuclei, “ d ” and 
“$” In all cases the Golgi apparatus (7 u) increases in size. In 
some cells it takes the form of rodlets, and then cell hypertrophy 
results in an increase in number of these bodies; usually also, 
the individual rodlets are larger than in normal-size cells (e, f, 

FI BROBLASTS FNOOTHEL I AL CE LLS 

FIG. ‘I.-Normal and hypertrophied cells of the stroma of tar cancers 
of the mouse, after Ludford (33). 

and g). When the apparatus is reticulate it extends, so that in 
some cells it becomes spread throughout the cytoplasm, in a 
manner suggestive of its form in nerve cells, I‘ a ” and r‘ b.” The 
mitochondria, like the Golgi bodies, are more niimerous in hyper- 
trophied cells, although there is little difference in their size (11.) 
The polarized distribution of the cytoplasmic organs is often well 
marked when hypertrophied cells cccur in contact with a well- 
developed stroma, “ h.” 
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Not only does hypertrophy occur in the tumour cells, but also 
in the stroma, especially in that of the more malignant tumours. 
It is particularly well marked in malignant tar tumours, where it 
is best seen in the endothelial cells and fibroblasts (see fig. 7). 

Hypertrophy is probably due to the tumour @ells releasing 
some growth-promoting substance, and possibly also the products 
of autolysis of necrotic cells (33) stimulate the growth of surviving 
cells, in a similar manner to that shown by Drew, for autolysized 
tissue extracts, (9). 

9. CELL INCLUSIONS. 
Numerous inclusions have been described in cancer cells, and 

certain of these, as previously mentioned, have led to fallacious 
theories as to the cause of malignant growth, Of the large number 
of so-called cancer parasites which have been recorded, none has 
survived the test of experimental inquiry, so that a t  the present 
time it is universally agreed that malignant cells contain no 
organism demonstrable by our present histological technique that 
can be regarded as the causative agent of cancer. There are, 
however, certain inclusions of common occurrence in tumour cells, 
which have been the subject of much theoretical discussion. Chief 
amongst these are the so-called Plimmer’s bodies, and other cells, 
either completely, or incompletely, enclosed within the tumour cells. 

(a)  Plirnmer’s Bodies (Bird’s-Eye Inclusions).-When first de- 
scribed these inclusions were regarded as sporozoan parasites. Later 
Borrel(9) suggested they represented the result of the disorgani- 
zation of the archoplasm with the formation of hypertrophied 
centrosomes. He  saw a similarity between this process and the 
change undergone by the archoplasm during the formation of the 
spermatozoon from the spermatid. Farmer, Moore, and Walker (12) 
also compared Plimmer’s bodies with the archoplasmic vesicle of 
the spermatid, but they pointed out that cancer cells occasionally 
contained centrosomes as well as Plimmer’s bodies (see fig. 8 a). At 
the same time they emphasized the importance of the similarity 
between Plimmer’s bodies and the archoplasmic vesicle of the 
spermatid, which gives rise to the acrosome of the spermatozoon. 
This resemblance was to them confirmatory of their theory of the 
analogy of cancer cells with germ cells. 

Farmer, Moore, and Walker (12) described Plimmer’s bodies as 
consisting of a vesicle with a well-defined wall, enclosing a clear 
space containing a small densely refractive granule (see “ a,” fig. 8). 
The same writers state that Plimmer’s bodies are commonest in 
young growing portions of tiimours, especially in those of a 
glandular and glandular epithelial nature. Greenough (l7), how- 
ever, has pointed out that essentially similar bodies are met with 
in non-cancerous diseases of the mammary gland, while they are 



VA'RIOU5 FORMS O F  PLIMMER'S BODIES 

EVOLUTION OF PLlMM E R'S BOOl ES 

LEUCOCYTE INCLUDED CELl INVA GINATION SIMULA TI NG 
IN CANCER CFI I CELLULAR INCLUSION 

DEGENERATION OF AN APPARENTLY I NCl-UDEO CELL 

FIG. 8.-Bodies partially, and completely, included in cancer cells. 
a. Cancer of the breast, after Farmer, Moore, and Walker (12). 
b, c, d. Axillary lymph gland in case of carcinoma of mammary 

gland, after Le Count (23). 
e-k. Csncer of breast, after D&on (7). 
i. Cancer of cervix uteri, after Deton ( . 
2-q. Cancer of breast, after Deton (7). 
j, k. Cancer of rectum, after Farmer, 3 oore, and Walker (12). 

(m-oentroeornee ; dc-degenerating cell ; Z-leucocyte ; 
p-Plimmer's body.) 
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absent in epitheliomata and sarcomata. He  says that “their 
appearance, staining reaction, and situation in the cell are such as 
to justify the hypothesis that they are ths result of the secretory 
activity of the epithelial cell.” Le Count (939, on the other hand, 
saw a similarity between the archoplasm and Plimmer’s bodies. H e  
has figured various forms of these bodies (see ( ( b ,  c, d,” fig. 8). 
Deton (7) has more recently discussed the nature of Plimmer’s 
bodies, and while discarding the view that they are analogous with 
the archoplasm of germ cells, advances no explanation as to their 
origin. H e  has figure? what he regards as the evolution of Plimmer’s 
bodies in tumour cells (see I‘ e-i,” fig. 8). 

It seems very probable that the term Plimmer’s body has been 
applied to a variety of granules of different origin. Some of these 
granules are possibly of the nature of secretory products, others 
may represent nocleolar extrusions, Recent researches on the 
cytology of secretion have shown that during secretory activity 
nucleolar extrusiorts occur (31). At the same time the secretion 
products arise in intimate relationship with the Golgi apparatus, 
which in gland cells is usually dispersed around the archoplasm. 
Hence the various views that have been advanced as to the nature 
of Plimmer’s bodies are probably not so much at variance as they 
at first appear to be. Furthermore, when it is considered that 
Plimmer’s bodies occur only in gland cells, it seems highly 
probable that they represent in many cases the,products of abor- 
tive secretory activity. It is also possible that certain of these 
inclusions are really hypertrophied centrospheres. W. H. Lewis (24) 
has seen similar bodies develop around the centrioles in degenerating 
mesenchyme cells grown in tissue cultures, and he expresses the 
opinion that they are identical with the Plimmer’s bodies, or bird‘s- 
eye inclusions of cancer cells. 

(b )  Qthor cells . Ihnclwded , ip~ l’umou~ Cells, - Occasionally in 
examining sections of new growths iinder the microscope, one comes 
upon appearances which convey the impression that certain tumour 
cells have enclosed other cells, sometimes cells of their own kind, 
other times cells of D different type. Such appearances have resulted 
in  varied.interpretations. Thus the origin of cancer has been 
attributed to a process of fusion between the nucleus of a somatic 
cell and that of a leucocyte, and some writers have figured mitosis 
occurring simultaneously in the tumour cell and an included leuco- 
cyte, and have expressed the opinion that the chromosomes of each 
pair of daughter cells, tumour cell and lymphocyte, later become 
amalgamated in a single nucleus. Then certain tumour cells have 
been considered to engulf their neighbours by a process of phago- 
cytosis. Deton (Y), however, has criticized this view, and has 
suggested that what happens is that a cell enlarges and pushes 
into an adjoiping one. As shown in fig. 8, if the two cells a t  
‘‘ 1 ” had been cut transversely across ‘‘ X Y ” in making the section, 
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they would have appeared as a t  “m,” and have conveyed the im- 
pression that one cell was enclosed within the other. Deton 
believes that this is the explanation of most cases of so-called 
phagocytosis of one tumour cell by another. He considers that 
usually the cell which enlarges and beconies partially surrounded 
by another is on the way to degeneration and necrosis, since various 
stages of cellular disorganization are met with in such cells. What 
is regarded as the sequence of stages undergone during degenera- 
tion is shown at ‘In-9,)’ fig. 8. Deton points out, however, tbat 
contrary to what would be expected if his view about the degeneracy 
of such cells was correct, he has observed mitosis in one cell partly 
surrounded by another. 

The study of cells grown in tissue cultures has shown thal; 
both somatic and tumour cells are capable of phngocytic activity, 
so that there is every possibility that actual engulfing of one cell 
by another does occur. Doubtless, also, the process of “ invagina- 
tion ” described by Deton is the true explanation of many of the 
curious figures that have been published and interpreted as pro- 
cesses of cell fusion. In general, however, the inclusion within a 
tumour cell of some other cell is an indication of the general 
phagocytic property possessed by cells, and is of no special signifi- 
cance in the study of cancer. 

10. NUCLEAR PHENOMENA IN THE “RESTING” CELL. 
The principal processes that have been described as occurring 

in the nucleus of the so-called ‘ I  resting ” cancer cell are concerned 
with variations in the plastin and chromatin content of the nucleus, 
and the extrusion of nucleolar and chromatin particles into the 
cytoplasm. 

(a )  Variations i n  the Chromatin and Plastin Content of the 
Nucleus.-Plastin hypertrophy, or enlargement of the plasmosome 
nucleolus, has been described by Howard and Schultz (19) in  
certain of the cells of a giant-cell sarcoma of the esophagus (fig. 9). 
In this tuniour the same writers have described the deposition of 
chromatin within the nucleolus (plasmosome), followed by the 
subsequent diffusion of the chromatin, which results in a hyper- 
chromatic nucleus (@. 9). A wide variation in the amount of 
chromatin present in the nucleus is met with in tumour cells, 
from nuclei decidedly hypochromatic to nuclei so hyperchromatic 
that the linin network is scarcely distinguishable. 

( b )  Extrusions from the Nucleus into the Cytoplasm.-Both 
niicleolar (plastin) and chromatin extrusions (chromidia), from the 
nucleus into the cytoplasm, occur in tumour cells. Since there is 
no absolutely specific etain for chromatin, as distinct from nucleolar 
material, it is very difficult in most cases to state with certainty 
the nature of the material discharged from the nucleus. There 

T 
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seems no doubt that chromatin extrusions occur in degenerating 
cells (chroinidiosis), and Szily (46) has described and figured the 
discharge of chromatin from the nucleus in various states of the 
cells of 5t choroidal sarcoma, the extruded chromatin being trans- 
formed into melanin (fig. 19). Usually, however, the material 
extruded from the nucleus appears to be derived from the plasmo- 
some, or true nucleolus. Such extrusions have been described 
amongst others by Walker and Debaisieux in a carcinoma of the 
breast (47), by Ludford in various transplantable tumours (337, and 
by Weber and BBguet in a sarcoma (69). According to the two 
latter investigators, certain cells of the tumour they studied had 

PLASTIN HYPERTROPHY OF bklCLEOLUS. 

FIG. 9.-Hypertrophy of the plastin and chromatin content of the 
" resting " nucleus, in cells of a giant-cell sarcoma of the 
oesophagus, after Howard and Schultz (19). 

basophil staining nucleoli, others oxyphil nucleoli. The latter 
approached the nuclear membrane, traversed it and passed through 
into the cytoplasm. There is reason to believe, in some cases at 
least, that the extruded nucleolar material (n x) becomes surrounded 
by the Goigi bodies (g b) during its diffusion d the cytoplasm (see 
fig. 10). 
- Although significance has been attached to certain of these 

processes occurring in the I' resting " nucleus, it seems that they are 
really expressions of the normal metabolic activity of the cell. In 
support of this view, it is to be noted that similar processes 
have been described as occurring in normal cells cultivated 
in vitro (32). 
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11. TYPES OB DIRECT NUCLEAR DIVISION. 
(a) dmitosis.-Amitosis, or direct nuclear division, has been 

the subject of considerable discussion, and doubts have been 
entertained as to whether amitotic division ever occurs at all. 
Lambert (a%), who studied living cells in tissue cultures, did not 
observe amitosis in either normal or tumour cells; but Macklin (34, 

FIG. 10.-Nucleolar extrusion, and its relation to the cytoplasmic organs. 
a-d. Adeno-carcinoma of mouse (27, I.C.R.F.). 
e. Tar cancer of mouse.--OriginaZ, 

(gb-Golgi bodies ; m-mitochondria : d-nucleolus ; na-nucleoler 
extrusion). 

who carried out extended observations on tissue cultures of the 
heart of the embryonic chick, observed nuclei divide amitotically 
SO as to form a binuc eate cell, and then he watched the same two 
nuclei fuse and undergo mitosis. Drew (10) found that amitosis 
could be brought about in his cultures by using a hypotonic culture 

T 2  
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medium, and that mitotic division resulted when the normal 
medium was restored. There is, therefore, no doubt that amitosis 
does occur; but although the nucleus of the cell divides amitotic- 
ally, there is no definite evidence to show that the cytoplasm divides 
to form two distinct cells. 

EQUAL BINARY F I S I O N  OF NUCLEOLUS ,LEADING TO NUCLEAR DIVISION. 

UNEQUAL BINARY RSSION OFNUCLEOLUS, LEPDING TO SINGLE NUCLEARBUDDING. 

MULTIPLE FISSION OF NUCLEOLUS, LEADINGTO MULTIPLE NUCLEAR BUDDING: 

FIQ. 11.-Fission of the nucleolu~, and its relation to nuclear divi- 
sion, in a giant-cell mrcoma of the esophagus, after Howard 
and Sohultz (19). 

Some cytologists, following Remak, have attached great import- 
ance to the r61e of the nucleolus in amitosis. Howard and 
Schultz (19) have described and figured various types of fission of 
the nucleolus, resulting in nuclear division, in a giant-cell sarcoma 
of the esophagus. Their views are summarized diagrammatically 
in fig. 11. They regard this method of nuclear division as a “very 
primitive mitosis, one in which the karyokirietic centre has 
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reverted to its primordial permanent intranuclear situation (as in 
certain Protozoa), the result being a form of division which leads 
to a marked increase in the division rate of tumour cells.” 
Macklin’s (3.4) observations on living cells are pertinent in this 
connexion. He says : “ The division of the nucleolus has no direct 
relationship to nuclear division. It may, however, have to do with 
the size of the nuclear portions.” It is to be noted that these 
observations were made on normal tissue cells. No work has been 
done on liviug tumour cells, apart from that of Lambert, which 
either agrees or disagrees with Macklin’s findings with normal cells. 

e 
I ‘ O ?  

d 
t 

FIG. 12.-Behaviour of the Golgi bodies during amitotic nuclear 
The Golgi division in s spindle-cell sarcoma of the mouse. 

bodies surround the centrosomes-Origi.na1. 

A peculiar form of indirect nuclear division, resembling some- 
what that described by Meves in leucocytes of the salamander, is 
shown in fig. 12, the cells of which are drawn from a transplantable 
sarcoma of the mouse (37 S of the Imperial Cancer Research Fund). 
In the ‘ I  resting )’ cell, “ a,” the Golgi bodies are grouped around the 
centrosomes. Apparently, the centrosomes separate and move 
towards opposite sides of the nucleus, carrying the Golgi bodies with 
them, “ b ” and I‘ c.” The nucleus then becomes depressed on either 
side, and seems to be separated into two daughter nuclei, between- 
which are grouped the centrosornes surrounded by the Golgi bodies. 

(6)  Nuclear Budding.-When a nucleus divides directly into 



NORMAL MITOSIS, SHOWING MITOCHONDRIA. 

a zr c d 
RELATIVELY TYPICAL f'l ITOSEs 

GiaoP Hypercbmmcrhc 
Lagging of Chromosomes scattered Cbromosomes 
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FIQ. 13.-Variatlons in the mitotic process in cancer cells. 
a. Lipo-sarcoma of C a k ,  showing the grouping of mitochondria 

around the centrosphere, after Ludford (.YO). 
(continued at foot of next page) 
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unequal parts, or when a series of direct divisions give rise to  
a number of unequal-sized nuclei, the process is usually described 
as nuclear budding rather than amitosis. There is some evidence 
for believing that budding differs from amitosis in that the portion 
of the nucleus budded off becomes disorganized after a time, dis- 
integrates and diffuses into the ground cytoplasm of the cell, but 
this may not occur in all cases. Nuclear budding is often well 
marked in tissue cultures (39). 

(c) Nuclear Fragme?Ltation.-The nuclei of cells subjected to 
faulty nutritive conditions frequently break up, giving rise to a 
number of smaller nuclei, which soon show signs of degenerative 
changes. This process is known as nuclear fragmentation. It 
occurs frequently in tumours, and also in tissue cultures which 
have been lest unattended for some time, and there is no doubt 
that it is a definitely pathological process. 

Of these various forms of indirect nuclear division none would 
seem to be distinctive of turnours. That they have been described 
in tumours is undoubtedly due to the fact that tumours consist of 
masses of cells, mostly of the same kind, and often growing rapidly. 
The various morphological aspects of cell growth are, therefore, 
more clearly apparent than in normal tissues, but the same pro- 
cesses become apparent when normal cells are grown as tissue 
culture. 

12. INDIRECT CELL DIVISION-MITOSIS. 
The mitotic process in  tumour cells has received much attention 

from those engaged in cancer research, and various abnormalities 
of mitosis are described in the papers of Cornil(,$), Hansemann (It?), 
Pianese (39), Galeotti (15)) and Farmer, Moore, and Walker (la). 
On the basis of Pianese’s classification, there have been sum- 
marized in fig. 13 the principal variations in mitotic division in 
tumour cells. These have been divided into the following groups :- 

1. Normal mitoses (+a). 
2. Relatively typical mitoses (e-k). 

mitosis). 

by the 106s of chromosomes at a former division). 

(i) Abnormal bipolar symmetrical. 
(ii) Hyperohromatic (said to be due to a previous asymmetrical 

(iii) Hypochromatic (believed to  be caused either the ssme 88 (b), or 

(iv) Giant. 
3. Atypical mitoses (i-Z), 

4. Abortive mitoses (m). 
5. So-called heterotypic mitoses (n, 0). 

(i) Pluripolar. (ii) Asymmetrical. 

b, c, a. Squamous-cell carcinoma of mouse, showing the distribution 

e. Cancer of breast, after Deton (7). 
f, g. Three days’ old in vitro culture of rat sarcoms, after Lambert ($3). 
h. Cancer of breast, after Pianese (39). 
i-Z. Carcinoma, after Galeotti (15). 
m. Epithelioma of cervix uteri, after Howard and Schultz (19). 
n. Cancer of rectum, after Farmer, Moore, and Walker (12). 
0. Decidua malignum, after Farmer, Moore, and Walker (12). 

of mitochondria to the daughter cells, after Ludford ($0). 
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Pianese has figured a large number of cases of abnormalities 
of mitosis, but his figures suffer from the disadvantage that the 
chromosomes in his material were not well fixed, and appear in his 
illustrations as droplets (see fig. 13, “h”). While most of the 
variations that he includes in his classification are to be found in 
suitably fixed tissues, his types of abortive mitoses are open to 
criticism. Although various abortive mitoses no doubt occur, his 
figures fail to convince one that they have been caused by the 
aberrations of the mitotic process to which he ascribes them. 

The frequency of occurrence of abnormalities in mitosis is sub- 
ject to a great deal of variation. Usually in slow-growing tumours 
there are relatively few mitoses, and these are of the normal type, 
but with more rapid growth the mitotic figures are more numerous 
and exhibit abnormalities, especially where degeneration occurs, 
and where there is a marked inflammatory reaction. 

Considerable importance has been attached to the abnormal 
mitoses of tumours, and when first described they were regarded as 
distinctive of cancerous growth. To von Hansemann, however, 
atypical mitoses were an indication of a change in character of the 
degree of differentiation of the cell; they indicated that it had 
become anaplastic, or dedifferentiated. It then required but an 
appropriate stimulus to become malignant. Boveri suggested that 
as the result of a multipolar, or asymmetrical mitosis, a certain 
chromatin constitution of the nucleus was established, which per- 
mitted of the survival of the cell, but suppressed the mechanism 
regulating mitosis. This condition was most likely to arise 
fortuitously when there were a large number of atypical mitoses. 
Brailsford Robertson (@) has also regarded asymmetrical mitosis 
as a significant factor in the causation of cancer. He  regards the 
malignant condition as subvening on the formation of cells capable 
of undergoing division at abnormally low values of the nucleo- 
cytoplasmic ration. He  quotes Sokoloff‘s work on the nucleo- 
cytoplasmic relationship of cancer cells in support of his views. 
Brailsford Robertson considers that following an asymmetrical 
mitosis, the daughter cell with the large nucleo-cytoplasmic ratio 
is unable to multiply, and is ultimately overwhelmed by the multi- 
plication of the malignant cells, arising from the daughter cell 
which possesses the lower nucleo-cytoplasmic ratio. 

It has been shown experimentally by Galeotti, and by Farmer, 
Moore, and Walker, that abnormal mitoses may be produced 
experimentally without causing cancer. Identical abnormalities 
to those of malignant cells have been induced in the epidermal 
cells of salamanders by introducing certain chemicals into the 
water. Reiss (41) has recently suggested that the application of 
tar to the skin, by causing abnormal mitoses, provides a means of 
attaining such a nuclear chromatin constitution as was postulated 
by Boveri‘s theory to be the cause of the malignancy. 
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A form of mitosis has been described in cancers which is said 
to result in daughter cells containing half the somatic number of 
chromosomes. Owing ta the resemblance of the mitotic figures to 
the reduction division of spermatocytes, these abnormalities of 
mitosis of the cancer cell have been called heterotypic. Two 
cells regarded as undergoing this form of division are shown in 
fig. 13, where c ‘ l z ) )  represents a prophase, and “ o ” an anaphase. 
The alleged occurrence of this type of mitosis has given rise to the 
so-called Gametic Theory of the causation of cancer, to which 
reference has already been made (see page 251). Undoubtedly 
certain of the mitotic figures, such as are shown in fig. 13, bear a 
striking resemblance to those seen in the cells of the testis under- 
going meiosis, but the great mass of evidence is against regarding 
as truly heterotypic division, these abnormalities of mitosis of cancer 
cells which so closely simulate that process. Deton (7), who studied 
cancerous growths with the view to elucidating this problem, 
found no evidence of heterotypic division in his .preparations. 

Since the method of tissue culture is particularly suitable for 
the investigatioh of problems of cell morphology, as one would 
expect, the application of this method has helped to clear up 
several disputed points. Lambert (22) found in cultures of sarco- 
mata that atypical mitoses of several kinds occurred, but that they 
were absent in cultures of normal fibroblasts. In discussing this 
occurrence Lambert points out that it must be remembered that 
abnormalities in structwe developed during the growth of cells in 
the body could not be expected to disappear in a succeeding genera- 
tion in vitro, even though the causative factor might conceivably 
be removed.” The same investigator sa.w in his unstained cultures 
the casting out of chromosomes into the cytoplasm during mitosis. 
Such discarded chromosomes appeared to become dissolved in the 
cytoplasm. This observation confirms von Hansemann’s opinion 
that this was one of the ways in which hypochromatic cells may 
arise. Although, as Lambert observed, abnormalities of mitosis do  
occur in tissue cultures of tumours, yet in lriany cultures the 
mitotic process is see11 to be perfectly normal : and in no case has 
heterotyyic mitosis been observed. 

The experimental investigation of the conditions favouring 
abnormal mitosis, together with the observation of cells in tissue 
cultures, indicate, then, as Ewing (11) says, that the abnormalities 
are “ secondary results of tumour growth, and not primary and 
essential.” They would appear to be due to inadequate nutrition, 
or to the accumulation of toxic products of cellular activity and 
degeneration. I n  this connexion it is pertinent to note that 
Drew (8) has demonstrated experimentally that cancer cells give 
out into the culture medium in which they are grown, products 
injurions to growth, which necessitates frequent sub-culturing to 
maintain the growth of cancer cells in vitro. 
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13. THE BEHAVIOUR OF THE CYTOPLASMIC ORGANS DIJRING 
CELL DIVISION. 

During mitosis in all tumours in which the mitochondria have 
been studied, these cell organs have been found to be irregularly 
distributed between the two daughter cells in a haphazard manner, 
as is shown in fig. 13. There is no difference between normal and 
abnormal mitoses in this respect, except that in some abortive 
mitoses mitochondria are absent as the result of degeiieratiue 
changes. The behaviour of the Golgi apparatus during mitosis 
is subject to variation in different tumours, and the attempt has 
been made to correlate differences in dictyokinesis with rapidity of 
tumour growth. In fig. 14 is represented diagrammatically the varia- 
tions in the behaviour of the apparatus during mitosis in tumours 
ir which the process has been studied. At  “A”  the apparatus 
is shown scattered at  all stages. This has been described in an 
adeno-carcinoma 6f the mouse (27 of the I.C.R.F.), and occurs also 
in tar tumours of the same animal. At  “ B  ” the apparatus is seen as 
a compact juxta-nuclear group of rodlets a t  the conimencement of 
mitosis, but it soon breaks up and becomes scattered in the form 
of rodlets which collect to form compacted clusters jii the daughter 
cells. This occurs in Jensen’s carcinoma of the mouse. In the 
type shown at  ‘ID” the apparatus is divided into two parts by the 
separating centrosomes, and each part is carried to an opposite pole 
of the spindle. Later disintegration takes place, and the apparatus 
becomes dispersed in the form of rodlets, which subsequently 
collect around the centrosomes in the daughter cells. This type 
of dictyokinesis has been described in various normal tissues, and 
also in a spindle-cell sarcoma of the mouse (37 S of the I.C.R.F.). 
This tumour is the most rapidly growing, and the most malignant, 
of the tumours in which the Golgi apparatus has bcen studied 
during mitosis. IC has been suggested that this type of behaviour 
is characteristic of rapid mitoses, in which there is a marked 
rhythm between “resting ” and dividing conditions. The basis of 
this assumption is, that since the Golgi apparatus hypertrophies o r  
becomes dispersed throughout the cytoplasm during growth, o r  
periods of intensive metabolic activity, its scattering throughout 
the cytoplasm during mitosis, besides bringing about its distribu- 
tion between the daughter cells, is functionally related to the 
growth of the cytoplasm of the newly formed cells. The latter 
grow rapidly in the mouse sarcoma, and therefore the Golgi bodies 
soon collect around the centrosphere, which is their usual position 
in the quiescent cell. In the other tumours represented in fig. 14 
growth is slower, and it is believed that the mitotic process takes 
longer, as does also the period required by the daughter cells to 
complete their growth. The Golgi bodies therefore remain scattered 
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in the cytoplasm 
apparatus in the 

. for a longer time, and many more cells 
form of scattered rodlets or granules. 

have the - 

- 
In all the tumours studied, the individual elements of the 

apparatus appear smaller and impregnate less satisfactorily during 
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mitosis than in the resting cell, a feature which has been discussed 
by Gatenby and the present writer in a former paper (16). 

Various abnormalities in the behaviour of the Golgi apparatus 
during mitosis have been described. Da Fano (5) has pointed out 
that occasionally the apparatus appears to be divided by the 
separation of the centrosomes into two unequal parts, while in a 
few instances it appears to remain undivided during the early 
phases of mitosis. The study of a large number of cases has shown, 
howsver, that in no case does the apparatus fail to disperse and 
become distributed betyeen the daughter cells during mitosis (30), 
although in some cells there is a lagging in dictyokinesis, as is 
shown at ‘‘ C,” fig. 14. 

Lack of suitable material has prevented the study of the Golgi 
apparatus during abnormal mitoses. I n  tar tumours which have 
been studied by the present writer various atypical mitoses have 
been seen, but nothing unusual was observed in the Golgi appara- 
tus, which in every case was scattered thoughout the cytoplasm in 
the form of rodlets, as at “A,” fig. 14. 

14. MULTINUCLEATE CELLS. 
Multinucleate cells occur frequently in new growths. They 

(i) By mitosis, or amitosis, without division of the cyto- 

(ii) By nuclear budding ( f - j ) ;  
(iii) By plasmogamy, i.e. by the fusion of several cells (d, e )  ; 
(iv) By the separation of a part of a syncytium (k-m). 

have been said to arise in the following ways (fig. 15) :- 

plasm (a-c) ; 

Amitotic division of the nucleus without subsequent division 
of the cytoplasm, resulting in a binucleate cell, has been observed 
in tissue cultures by Macklin (34, by Lewis and Webster (as), 
and by Lambert, who also saw nuclear budding (22). These 
processes are apparently a normal morphological expression of 
intensive metabolic activity. Plasmogamy has been described by 
Da Fano (6) in reabsorbing tumours, where it is regarded as a 
degenerative process. The separation of a portion of a syncytium, 
leading to the formation of niultinucleate cell, occurred, according 
to Howard and Schultz (19), in an epulis of the lower jaw. Multi- 
nucleate cells formed in this way were believed to degenerate soon 
after separation from the parent syncytium. 

Multinucleate cells have been produced experimentally in vitro 
and in vivo. Their presence in tumours is due to secondary causes 
incident upon malignant growth. 



me General and Experimental Cytology of Cancer. 277 

AM I TOSlS PL ASMOGAMY 

NUCLEAR BUDDING 

WARATION OF PORTION OFA SYNCVIAL MASS 

FIG. 15.-Various ways in which multinucleate cells are formed. 

a-c. Squamous-cell carcinoma, after Bashford and Murray (1). 
d, e. Jensen’s carcinoma, after Da Fano (6). 

(ga-Uolgi apparatus ; gf-fragments of degenerate 
apparatus.) 

f. Three days’ old in vitro culture of rat sarcoma, after Lambert 

g-j. Giant-cell sarcoma of esophagus, after Howard and Schultn. 
(22). 

(19). 
k-wz. Ep& of lower jaw, after Haward and Sohults (19). 

(bs-blood space.) 
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15. SPECIAL CYTOLOGICAL PROCESSES OCCURRING IN 
TUMOURS. 

The cytological processes occurring in undifferentiated tumours 
are the morphological expressions of varying degrees of metabolic 
activity, degeneration, and necrosis, such as are imposed upon the 
cells by the peculiar nature of tumour growth (see p. 250). When 
tumour cells undergo differentiation, the cytological processes that 
occur are the same as those that take place during differentiation 
of the tissues in embryogeny, or in the course of formative pro- 
cesses in the adult organism, as in the repair of injury, or in the 
normal course of growth. The origin of the characteristic struc- 
tures of cells, such as neurones, fibroblasts and myoblasts, is far 
from being clear, and very little work has been done on this branch 
of the cytology of tumours. Certain processes, such as keratiniza- 
tion, and fat and pigment formation, are common to large numbers 
of tumours, and these have received more attention. The main 
results of this work will be considered here. 

(a) Keratinization.-Keratinization occurs to varying extents 
in most carcinomata. It occurs at the surface of the body, or in 
groups of cells-the so-called " cell nests." The latter give rise lo 
nodules of keratin, which constitute the epidermoid pearls. The 
behaviour of the cell organs during keratinization has been studied 
comparatively in the normal skin, the hypertrophied skin, and in 
tumours of both experimental and spontaneous origin. The 
cytological processes are essentially the same in each case. 
The following is the sequence of changes observable during kern- 
tinization (see fig. 16) :- 

(i) The Golgi bodies (G €), if not already scattered, spread 
throughout the cytoplasm, and finally fail to impreg- 
nate with osmic acid (Bg. 16, c). 

(ii) The mitochondria (m) either enlarge, and then disappear 
(fig. 16, a), or they give rise to fibrillre ( e  f ), which 
may persist in the keratinized cell, or break up and 
disappear (fig. 16, d). 

(iii) The nucleolus (n I )  buds off fragments, which on extrusion 
into the cytoplasm, swell up, apparently by imbibi- 
tion, giving rise to keratohyalin granules (k h). 
These disintegrate finally, and diffuse into the 
cytoplasm (fig. 16, a). Keratohyalin is not formed 
in all cases of keratinization. 

The actual formation of keratin is mainly a function of the 
ground cytoplasm of the cell, the hyaloplasm, although the cyto- 
plasmic organs and nucleus undoubtedly contribute their part. 
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(b) Fat  Formation.-Fat formation is a regular occurrence in 
the lipoma group of tumours; it also occurs as a degenerative 
process in almost all other tumours. I n  a transplantable lipo- 
sarcoma of Cavia, J. A. Murray (37) has described the transforma- 
tion of mitochondria into fat, as shown in fig. 17. The rod-shaped 
mitochondria ( m )  become swollen (sm), “a,” and then are con- 
verted into fat globules (f), “b,” which may collect together 
and form large droplets completely filling the cell, “ c.” A. H. Drew 
considers that fat globules originate in the same way in degenerating 
cells in tissue cultures (8). I n  some tumours, however, fat is formed 
in degenerating cells under thz influence of the Golgi apparatus. 
As shown at “b,” fig. 18, the Golgi bodies in these cases are 
probably vesicular in form, and the fat (f) is formed inside the 
vesicles.‘ With this type of fat formation, the Golgi bodies (gb) 
are scattered throughout the cell as shown in “b,” unlike the cas 
previously described, where the elements of the apparatus are 
collected together so as to constitute n reticulate body (ga), 

(c) Pigment Formntioiz.-The origin of pigment is still a matter 
of controversy. The early workers regarded it as arising from the 
nucleus. Szily ( 4 9  who studied melanin formation in a choroidal 
aarcoma, figured various ways in which the nucleus gave rise to 
pigment granules. His views have been summarized diagram- 
matically in fig. 19. He points out that melanin is preceded by 
the formation of colourless structures, the chromogen bodies, which 
are derived from chromatin ; hence the extruded nuclear chromatin 
becomes inconspicuous in the cytoplasm, preparatory to its trans- 
formation into pigment. Rossle (@) considered that melanin was 
formed from nucleolar extrusions. He  attempted to establish a 
parallel between the formation of pigment in Protozoa due to over- 
nutrition, and its formation in melano-sarcomata. More recently 
the present writer (27) has brought forward evidence substantiating 
Szily’s view that melanin sometimes has a nuclear origin. The 
tumour studied was a melanotic sarcoma of a horse, and it was 
pointed out that pigment formation in this tumour was a general 
process involving the cell proteins ; occasionally commencing 
inside the nucleus, it usually resulted in the complete transforma- 
tion of the cell into melanin. This view receives support from 
the fact that melanin is. considered to result from the oxidation 
of an ‘ I  acceptor,” produced by protein disintegration (tyrosine, 
tryptophane, etc.) under the influence of a ferment (tyrosinase). 

Turchini studied melanosis in the ink-sac of the cuttlefish 
(Sepia), and came to the conclusion that the “ acceptor ” is derived 
from mitochondria, and not from the nucleus, and its conver;ion 
into melanin is due to the action of a ferment dissolved in the 
cytoplasm. His view of the mitochondria1 origin of melanin is sup- 
ported by the work of Prenant (40) and Moulon (36). Smith (@), 

fig. 18, rza.” 



Fro. 16.-Cell organs during keratinization in malignant growths. 
a. Early stage in cell-nest formation in a squamous-cell carci- 

noma of the mouse (630, I.C.R.F.), showing the formation 
of keratohyalin (kh) from nuoleolar extrusions (nz). 

b. Cells surrounding a region of keratinization (kz) in the same 
tumour, showing the swelling-up and disintegration of 
mitochondria (m). 

c. Begilnning of cell-nest formation in the same growth, show- 
ing the Golgi apparatus (Ga) breaking up into rodlets (Gb), 
which are becoming scattered throughout the cytoplasm. 



FIG. 16.--Cell organs during keratinization in malignant growths. 
d. Keratinization occurring in a cell-nest of a taricancer (1671, 

I.C.R.F.). The granular mitochondria (m) are replaced 
by fibrills (ef) within the zone of keratinization. 

(cy-blood capillary ; ef-epidermal fibrille ; Cia-Golgi apparatus ; 
Gb-Golgi bodies ; ib-inter-cellular bridges of cytoplasm ; kh- 
keratohyalin granule ; kz-keratinized zone ; m-mitochondria ; 
nl-nucleolus ; ns-nucleolar extrusion ; efter Ludford (B).) 

U 



FIG. l'l.-The formation of fat from mitochondria in a lipo-sarcoma of Cavia. 
a. Filamentous mitochondria (m) swelling-up and forming globules (sm). 
b. Swollen mitochondria (sm) becoming converted into fat droplets (f). 
c. Multinucleate cell distended with fat (f). 

(f-fat droplets ; m-mitochondria ; a-nuclei ; sm-swollen 
mitochondria ; after J. A. Murray (3'7).) 
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according to Fischer (14, investigated the Qrigin of pigment 
granules in the pigmented epithelium of the eye of the embryo 
chick cultivated in vitro. He considers that the pigmented 
granules arise in the cytoplasm as small colourless bodies. They 
appeared in his preparations after forty-two hours’ cultivation. 

FIG. 18.-The relation of the Golgi apparatus to fat formation. 
a. Cell from the same tumour as fig. 17 (Lipo-sarcoma of Cavia), 

showing the compacted form of the Golgi apparatus (ga), 
where it is not directly concerned in fat formation, after 
Da Fano (5). 

b. Cell from a tar cancer of the mouse, showing the scattered form 
of the Golgi apparatus (gb), where it plays a direct part in fat 
formation. 

(f-fat droplets ; ga-Golgi apparatus ; gb-Golgi bodies ; 
+nucleus ; after Ludford (SJ).) 

They increased in size and number, and became transformed into 
melanin. 

Recently the opportunity has arisen for investigating the origin 
of melanin in an axillary melanotie sarcoma of man,* and while 
finding evidence of a nuclear origin in certain cells (fig. 20), I 

* The fresh material was plsced at my disposal by Dr. J. D. P. McLatchie, to 
whom I take this opportunity of expressing my thanks. 

u 2  
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believe that the greater part of the melanin is formed in the cyto- 
plasm under the influence of the Golgi apparatus. At (‘ a,” fig. 20, 

HELANOSIS OCCURRING DURING MITOSIS. 

MELANO5 1 S FOLLOW1 NG CHROMATIN E’XTRUSIO N. 

M ELANOS IS FOLLOWING N UCLEPR FRAGW EN TATION. 

FIG 19. 

is shown a hypertrophied cell in which the Golgi bodies (gb) are 
increased in numbers, and spread throughout the cytoplasm, while 
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at ( I  b ” the process is more advanced, and melanin granules (m) are 
beginning to form among certain of the scattered elements of the 

MELANOSIS FOLLOWING NUCLEAR BUDDING. 

MELAN 05 IS FOLLOW I NG KARYORRH EX I5 

MELANOSIS FOLLOWING PYCNOSIS. 

FIG. 19.-Various conditions under which melanin is formed from chromatin 
in a choroidal sarcoma, after Szily (46). 

cA-chromosomes ; cz-chromatin being extruded into the cytoplasm ; 
m-melanin ; nb-nuclear bud ; zc-extruded chromatin. 

apparatus. At “ c,” I‘ d,” and “ e )’ of the same figure are shown 
what are regarded as consecutive stages in the formation of melanin, 
a process which calls to mind the formation of yolk under. the 



286 Transactions of the Society. 

influence of the G01g.i apparatus, as occurs in certain molluscan 
oocytes (26). Since the Golgi apparatus has been regarded as 

FIG. 20.-Formation of melanin under th6 influence of the Golgi 
apparatus in a melanotic sarcoma of man. 

a. Hypertrophied cell with Golgi bodies (gb), increasing in number 

b. Beginning of melanin formation (m) in a similar cell. 
C, d,  e. Successive stages in melanin formation. 

and spreading throughout the cytoplasm. 

(f-fat droplets ; gb-Golgi bodies ; m-melanin.-OriginaZ.) 
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being concerned with enzyme formation, it is consistent with what 
knowledge we possess of the function of this cell organ that it 
should be involved in the formation of melanin. Further research 
with other material is necessary t . ~  clear up this problem. 

16. CELL DEGENERATION. 
Since areas of necrosis are of common occurrence in tumours, 

all stages of cellular degeneration are seen in histological sections. 
Mitochondria are particularly sensitive to pathological conditions, 
and a t  the onset of degeneration, if rod-shaped, they usually break 
up into granules, which swell up forming vesicles, and then either 
degenerate; or else become converted into fat. The Golgi apParatus 
breaks up in a similar manner, forming rounded granules, which 
may persist in the cytoplasm until necrosis (6, 33) (fig. 15, “ e ” ) .  

Retrogressive changes in the ground cytoplasm often result in 
the formation of granules of different kinds, and hyaline droplets. 
Some of these products of cytoplasmic degeneration exhibit special 
affinities for stains. Hyaline droplets stain specially with fuchsin, 
and were at  one time regarded as cancer parasites. They are 
sometimes spoken of as Russell’s bodies. 

Disintegrative processes occur in the nucleus, concurrently with 
degeneration of the cytoplasm. Abortive mitoses, and nuclear frag- 
mentation have already been discussed. Frequently, the chromatin 
collects inside the nuclear membrane in the form of irregular- 
shaped clumps (karyorrhexis), (fig. 19), or appears to liquefy 
(karyolysis), and chromatin extrusions may occur (chromidiosis). 
Many nuclei stain homogeneously (pycnosis), (fig. 19), but later 
lose their chromophility altogether. 

None of these degenerative processes are specially characteristic 
of cancer. They merely represent phases in the breaking down of 
the highly organized cell structure, and occur wherever degeneration 
and necrosis take place. 

17. PROPERTIES OF CANCER CELLS CULTIVATED IN VITRO. 

Although critical morphological studies emphasize the essential 
similarity between the cancer cell and its prototype, the cultivation 
of tumours in vitro has brought out some interesting physiological 
differences between normal and malignant cells. 

Those who have cultivated tumour cells in vitro have pointed 
out that they are more difficult to grow and maintain in subculture 
than normal cells. Drew (8) has shown that this is due to the 
formation of waste products which are toxic and inhibit further 
growth. When cultures of sarcomata are subcultured every day, 
growth can be maintained for a month or more. Fischer (23) has 
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kept the Rous sarcoma of fowls growing in vitro by introducing 
muscular tissue into the cultures. The tumour cells invade and 
destroy the normal tissues, the same as in the infected animal. It 
has been shown experimentally that cancer cells, after cultivation 
in vitro, retain their malignant characters when inoculated into a 
similar host to that from which they were removed before cultiva- 
tion. 

Carcinomata and sarcomata differ in their form of growth in 
vitro. Sarcoma cells wander out from the implant, as shown in 
fig. 21, I‘ a,” [after Drew (S)], while carcinomata produce sheets of 
cells, fig. 21, ‘‘ c,’) [after Lambert and Hanes (20)]. When grown 
in a plasma medium both types of cancer cells produce a rapid 
liquefaction of the coagulated plasma. Fig. 21, “ a,” shows around 
the implant a circular area of liquefaction, surrounded by an 
annular growth of sarcoma cells. Drew(8) has pointed out that 
this is due to  the sarcoma cells liquefying the fibrin in their 
immediate neighbourhood ; contraction of the peripheral portion 
of the fibrin network then results in a circular arrangement of the 
growing cells. The same investigator has also shown that differen- 
tiation occurs in cultures of tumours the same as in cultures oE 
normal tissues when fibroblasts are introduced. Under such con- 
ditions carcinomata undergo keratinization, and adeno-carcinomata 
form alveoli. 

Lambert ($1) regards the cancer cell as a cell of relatively low 
resistance. He  subjected normal fibroblasts and sarcoma cells to 
different degrees of temperature, above that of the body, for 
variable periods, and found that the malignant cells were decidedly 
the more susceptible to rise of temperature. According to Fischer 
(13)) sarcoma cells of the Rous tumour behave in vitro as inde- 
pendent cell individuals. It has been impossible so far to obtain 
growth in vitro from a single isolated normal cell, but Fischer 
maintains that a sarcoma cell is able to niultiply when completely 
isolated. He considers that such cells are capable of synthesizing 
protoplasm of their own from the serum constituents and dead 
muscular tissue with which they are grown. Fischer has also 
pointed out that sarcoma cells exhibit greater mobility in tissue 
cultures than do normal cells. He  has observed two sarcoma cells 
completely fuse toget her, then separate, and sometimes divide again 
after separation (fig. 21, “ e ” ) .  This process is said to be of common 
occurrence in cultures of the Rous sarcoma, and has been observed 
also in cultures of the Jobling rat carcinoma. 

The rate of growth of cancerous cells in vitro has been shown 
by Drew (9) to bear a defiuite relationship to the degree of 
malignancy of the tumour in vivo. The more malignant the 
tumour, the greater the amount of gowth  in vitro. It has been 
shown by Carrel and Burrows (3), and confirmed by Drew (9), that 
extracts of tumours exercise an acce1er:rting action on the growth 



FIG. 2l.--’j.rowth in tissue cultures. 
a. Plasma culture of spindle-cell sarcoma of mouse (37 S, I.C.R.F.), 

after 24 hours’ growth, showing liquefaction of plasma round 
the implant, and typical ring-shaped growth of the sarcoma 
cells, after A. H. Drew (8). 

b. Portion of “u”  more highly magnified to show the form of the 
cells, after Drew (8). 

c. Five days’ plasma culture of mouse carcinoma, after Lambert and 
Hanes (ZOO). 

d. Portion of young culture of mouse carcinoma (206, I.C.H..F.), 
showing characteristic finger-like outgrowth, after Drew (8). 

e. Fusion, and subsequent cell division, in a culture of the Rous 
sarcoma, after Fisoher (13). 

f. Eleven-day old culture of adult rat kidney in saline medium plus 
embryo extract. 

g. Two-day old culture of the same tissues, the result of adding 
tumour extract to the culture medium. 

fend  g, after Drew (10). 
The original implants, or fragments of tissue, are shown deep black. 
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of normal tissues. Drew prepared extracts of malignant growths 
by crushing the tissues, mixing with his saline medium and centri- 
fuging. The supernatent fluid contained a growth-activating sub- 
stance, which caused rapid growth when added to cultures of normal 
tissues. Fig. 21 shows the difference between the growth of embryo 
kidney without, (f), and with, (g), such an extract added to the 
culture medium. Further, it was found that “ highly malignant 
and rapidly ‘growing tumours contained a far greater amount of this 
activating principle than did slowly growing and more benign 
tumours.” . 

18. GENERAL CONCLUSIONS. 

It has been pointed out that with our present microscopic 
technique there is no means of distinguishing between a normal 
and a cancerous cell. The wide range of pathological variations 
are the morphological expression of the reaction of the cells to the 
peculiar conditions of tumour growth. There is no pathological 
state restricted to cancer cells alone, so that there exists for the 
cancer cell no precise morphological diagnostic character of any 
kind. 

The virus of cancer, cultivated by Gye, and photographed by 
Barnard, is too small to be seen with the microscope in common 
use at  the present time. 
the largest colloidal particles in the cell. New methods of research 
will have to be devised, therefore, before we can explore cyto- 
logically the possibilities opened up by the work of these in- 
vestigators. 

19. Re SUMMARY. 
The figures have been arranged so as to constitute a pictographic 

summary of the cytological processes occurring in cancerous growth. 
Full legends have been appended, so that a survey of the figures 
may serve to recapitulate the paper. 

Furthennoye, the virus is smaller than . 
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