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culture it is seen that a nest of cells gives rise to other
nests. Such spread of tumour; hy progressively forming
multicellular nests,; is called “aggregate replication™ (147).

A rapidly expanding mass may be inadequately nourished by the
available vascular supply, causing degenerative changes and
subsequent cellular detachment (148) . Presence of degeneration
itself in the tumour may provide a stimulus for further ranid
growth. Experimentally, irreversibly damaged tumour cells
exert a proliferating effect on the admixed viable cell fraction
(149) and thus enhance the occurrence of local invasion. By
mechanical means, such as with microdissection needles or a
shaking device, it has been shown that cancer cells are
deficient in mutual adhesiveness: compared to normal cells they
dissociate from each other more easily (150). Decreased cell-
ular adhesiveness is attributed to deficiency of calcium,
presumably at the surface of cancer cells. It is postulated
that a molecular bond between apposed cells exists by linkage
of the calcium to the carboxyl groups of proteins and to the
phosphate groups of lipoids (151): and the lack of this bond
renders cancer cells less adherent to each other. This property
of cancer cells is complemented by active amoeboid movements.
In tissue culture tumour cells exhibit motility as a single
cell and also as small clusters: however, compared to poly-
morphonuclear leucocytes their movement is slower (152) .

Interestingly, different strains (developed in different




animals) of rat hepatomas demonstrate dissimilar rate of
motility (153), indicating that the motility rate is a property
peculiar to the individual tumour. Presence of a “snreading
factor” or a hyaluronidasc~like substance in human and animal
tumour tissue has been disputed (154). A protain-like substance
is thought to emanate from tumours stimulating the growth of
undifferentiated young connective tissue in the adjacent region
of the tumour. The-presence of this tissue is considered
essential for invasion (155) . The quantity and morphology of
this connective tissue may vary. Raticulum fibres and acid
mucopolysaccharide may Or may not be present. This young
connective tissue is rich in ribonucleoprotein and PAS-positive
solysaccharide.

Malignant cells do not exhibit "contact inhibition"”.
The phenomenon of contact inhipition ketween normal cells, both
fibroblastic and epithelial, can be demonstrated in tissue
culture. When two explants of epithelial tissue are grown a
short distance apart, the developing edges of both will move
towards each other. The cells at the edge are the pacemakers.
As soon as the two advancing edges meet the speed of the cells
at the site of contact drops sharplv. and the density of
cellular population in the interexplant region becomes stable.
In case of cancer cells +his immobilization does not occur and
the malignant cells continue to grow into the normal cell

population (156). Certain types of malignant cells (Enhrlich



ascites tumour, Klein lymphosarcoma, sarcoma 37) show an
increase in the negative charge on the cell surface (157);
however, how the surface electrical prooerty influences the
invasiveness of malignant cells has not been determined.
Dissemination of cancer cells throuch the vascular
system apparently occurs in several stages. The cancer cells
first penetrate through the vascular wall into the lumen. Then
they are transported to various sites, aided by the flow of
rlood to which they add their own motility. Primarily it‘is
the venous system which transports the cells, but arterial
dissemination has also been deronstrated. Finallv the embolic
cancer cclls traverse the vascular wall to form the netastatic
nidus in the parenchyma of the host organ under suitable
conditions. It is generally accepted, however, that both in
experimental animals and in man, vascular invasion and tumour
cell embolization do not nccessarily result in distant
metastases (158). Wevertheless, since 1955 (15%), numerous
S£udies on circulating cancer cells have appeared. Although a
few interesting facets of tumour cell dissemination have
emerged from these studies, the search for circulating cancer
cells in no way offers an aid to preliminary diagnosis, therapy
or prognosis. Techniques in three principal categories -
enzymatic, floatation and filtration - are applied to separate
the normal cellular elements from cancer cells, and then the

latter are studied on glass slides or membrane filters with
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suitable staining. The success of identifying tumour cells
jincreases with the degree of dedifferentiation of the primary
tumour, and in tumecurs which have undergone considerable
necrosis. Patients with widely disseminated cancer are more
likely to have tumour cells in their hlood (160). A higher
yield in percentages of cases and also in harvesting of cells
is obtained if blood samples can be procured from regional and
local sites of the tumour - usually during surgical procedures
~ rather than from the peripheral blood (161). In one large
series (162), based upon an analysis of 581 specimens obtained
from 376 patients, it was observed that in resectable cases
cancer cells could be demonstrated in 9% and 30% of the
peripheral and local blood samples respectively. in contrast
to 15% and 48% among non-resectable cases. Percentagewise,
circulating tumour cells are more likely to he seen in patients
suffering from sarcoma than adenocarcinoma, and least likely in
epidermoid carcinoma (163) .

In both human and experimental conditions the
majority of circulating tumour cells perish in the course of
time. Certain factors that are related to cancer cells, to
the components of the vascular system, and to the host organs,
exert modifying influences on the formation of metastases by
the surviving cells. Greater number of viable circulating
tumour cells are more likely to cause metastases. It has heen

shown with Ehrlich ascites tumour cells that the number of
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nulmonary metastases could he raised when increased numher of
viable cells were injected intravenously (164) . ™etastasiz-—
ability appears to be a property of late cancers rather than of
early ones, and concurrently the cancer acguires hetero-
transplantability (165}, thus indicating -an enhanced virulence
in the cells of a late cancer. Assuming that metastasis in the
human is a type of autotransplantation, ploidy of tumour cells
from the metastatic and primary siteé of mammary adenocarcinoma
was studied by the microspectrophotometric technigue. It was
found that metastatic cells demonstrated greater ploidy than
the cells from the primary site: and hence the suggestion was
made that hetero-aneuploidy favoured the survival of cells

in the circulation that metastasize (166).

Several forms of coaqulopathy appear to he the
preeminent factor in the vascular component for the occurrance
of metastases. In general, in the presence of blood-horne
metastases, there is clevation of fibrinogen levels with
conconmitant increase in fibrinolysin inhibhitors (167). Some
cancer cells are rich in thromboplastin (168).h with radio-
active isotope labelling an intimate relationship between
fibrin and tumour cells has heen demonstratzd (169).

Morphologic investigations at the site of metastases
suggest a series of events peginning with the attachment of
embolic cells to the wall of the vessel (170, 171). The

histological studies nave been corroborated by amploying a
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cinephotomicrographic technique (172), which visualized the
following process. When V% carcinoma cells are injected into
the central artery of the rabbit ear chamber, vroximal to the
transparent membrane, the majority of cells die. The cells
which survive tend to form small aggregates by sticking
together. Apart from transient adherence to arteriolar and
venular walls, the cells attach themselves predominantly to
the capillary wall. Although this jnitial adherence is
"jndependent of leucocyte sticking, capillary diameter, rate
of blood flow or vasomotor activity®, experimental alterations
which induce leucocyte sticking and/or coagulopathy. increase
the incidence of adhesion. A microcoagulum forms around the
adhered tumour cells containing delicate meshworks of fihrin
and platelets. Tumour cells grow in this clot and mitotic
figures can be seen. gcattered leucocytes are freguently
found in the vicinity of these dividing tumour cells. The
endothelium is damaged at the site of adhesion by an undeter-
mined mechanism. The tumour cells pass into perivascular
connective tissue through this damaged andothelium. Active
amoecboid movements of cancer cells during passage are seen.
Following penetratiocn by cancer cells the intactness of the
endothelium is restored, but the sites of earlier nenetration
exhibit increased leucocyte sticking and thus stay viulnerable
to further adhesion by tumour cell emboli. As the tumour

grows into the perivascular connective tissue, lymphocytic
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infiltration in the surrounding zone is conspicuous.

Whether the selectivity of organs for metastases is
due purely to anatomical and mechanical factors (173) or to the
metaholic properties of the host organ - “soil hypothesis® -
(174), is a matter of contention. lowever, it has keen shown
that once the circulating tumour cells raach an organ such as
liver, a prior alteration of its metabolic status by trauma,
chemical agents (175), or cirrhosis (176), will provide a
petter environment for the lodgement and growth of metastases.

As has been described above, hypercoagulability,
whether induced by physical means such as trauma or by chemical
agents, increases the incidence of metastases. conversely, the
anticoagulating agents such as heparin and fibrinolysin
decrease the incidence. Cortisone appears to have a double
effect on tumours. It inhibits the local growth of implanted
tumour cells, but augments blood-horne metastases.

Direct penetration:is not the only way by which
cancer cells gain entry into the lymphatic systemn. The
lymphatic system has points of contact and even of intersection
with the haematogenous system and it is not unusual for
circulating tumour cells in the blood flow to disseminate into
the lymph flow and vice versa (177). Free-floating tumour
cells are found in the thoracic duct in about 20% of all cancer
patients and their presence can be significant in relation to

developement of pulmonary retastases (178) . Circulating
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tumour cells in the lymph fluid de not necessarily pass through
lymph nodes: there are connections between afferent and efferent
lymph vessels in the pericapsular tissue of the lymph node
(179), and cancar cells can go to the venous systemn completely

by-passing the intermediate lymph node.

(ii) The present study:

The following gives an account of ths patfern of
local invasion and dissemination of tumour cells observed in
later generations of adj-PC-5 type of transplantablé plasma
cell ncoplasm. Even with a considerably short life-span the
tumour-bearing animals showed widespreaad vascular dissemination
by tumour cells. This is understandable, as it has been shown
with suspension of radioactive chromium (cr51) labelled
Walker carcinoma cells that soon after subcutaneous inoculation,
+he cells disseminate through venous and lymohatic channels very
rapidlv. Only profound hvpothermia can delay this dissemination
by appreciably slowing the flow (180) .

Ultrastructural aspects of tumour dissemination were
studied in two organs: 1iver and spleen. 1In liver, tumour cells
were contained in dilated sinusoidal svaces and the purpose of
the study was to observe the effect of a restricted vascular
space on tumour cells. In spleen - which is non-sinusoidal in
mice - the purpose of the study was to observe the effect of

direct contiguity between tumour cells and the svlenic tissue

cells.



2. MATERIAL AND METHODS

It was menticned in the preceding section (Section 1V,
1aterials and Methods) that all of the tumour-bearing animals in
gach group of transplant generations were routinely autopsied:
and specimens of tissues from various sites as well as samples
of tumours at the sites of inoculation were ohtained. While
the previous section was concerned with the study of suhcutaneous
tumours, the present section will describe tissues collected
from various sites in the animals. In order to studv the
pattern of local invasion, specimens from the skin overlying
the lesion and from the skeletal muscles in the adjacent region
of the growth were also obtained from the majoritv of the
animals carrying the tumour. In an additional method of
transplantation, minced pieces of tissue in 3 ml. of media were
injected intc the peritoneal cavity of animals, and, following
tumcur growth, tissues wer? collected and processed by the

standard methods.

2. OBSERVATINNS

(i) Gross findings:

The growth of tumours after subcutaneous implantat-
jon has been described in the previous section. In cases of
intraperitoneal injections of minced tissue. & discernible
swelling of the abdomen appeared on the gth or 9th day. Witk

progression of the ahdominal swelling the animals reached




premortem stage between the 17th and 20th day. Multiple nodules
of irregular shapes and sizes grew on the neritoneal surfaces
and on the mesentery. The nodules wera pink tan and friable. M
moderate amount of serosanguineous ascites was present.
Irresepective of the site used for transplantation
the general pattern of tumour cell dissemination in all tumour-
bearing animals showed only minor variations. Therefore the
following descriptions pertain to all tumours. Armong all organs
the spleen consistently showed gross abnormalities. The normal
spleen is soft and flat with sharp margins. The spleens in
tumour-bearing animals were riach larger and firm with rounded
edges. While the normal spleen measures about 1.5 x 0.3 cm,
the involved spleen measured 2.0 x $.7 cm Or more, with an
average weight of 0.28 gm. In the thoracic cavity the heart,
lungs and thymus were of normal appearance. The mediastinal
nodes were not enlarged. In the abdominal cavity the liver,
gastrointestinal tract, the mesentery (except with intraperiton-
eal tumour transolantation) , and the internal genital organs
were within normal limits. The kidneys were somewhat pale.
No gross abnormality was observed in the hrain. If the tumour
extended into the neck the contiguous cervical lymph nodes
were enlarged; the thvroids were of normal size in all tumour-

hearing animals.



(ii) Light microscopy:

Skin:

Tn haired areas the normal mouse epidermis was very
thin, usually consisting of two cell lay=rs of stratum
germinativum. Stratum spinosum and stratum granulosum wers
absent. Mg tha subcutaneous tumour grew to a considerabhle size,
the overlying skin began to 1ose hair, became dark and almost
gangrenous in appearance and less elastic in consistency. Thase
changes suggested impending ulceration and if the tumour-
bearing animal survived long enough focal ulceration ensued.
Microscopically the necrotic skin appeared as a thick cornified
laysr containing ghost nuclei or nuclear fragments. In the
adjacent region the epiderinis became multilavered with the
appearance of stratum gpinosum and stratum granulosum containing
keratohyvalin granules (Fig. 16). The stratum granulosum was
usually one layer thick and freguently covered by a parakeratotic
layer of variable thickness. In the dermis the tumour first
infiltrated into thin sheets of striated ruscle (the panniculus
carnosus), gradually obliterating them. At this stage the
dermal connective tissue between tha epidermal layer and the
zone of tumour hecame oedematous, manifested by loosening andé
widening of this space. Slight cellular infiltration of
polymorphonuclear leucocvtes and lvmphocvytes was present. The
tumour relentlesslvy prograssed hy formina tongue-like

projections which first surroundad the skin appendages and



and later obkliterated them. However, evan when the tumour was in

close proximity to the =zpidermal layer it induced only minimal

changes in the epidermis.

Skeletal ™uscle

At the site of subhcutancous inoculation the tumour
grew by invading adjacent staletal muscles of the forelimh and
of the intercostal region. Tumour cells appearcd first to make
their way into the interstices betwesn muscle fibres (Fig. I7)..
During this process of infiltration the morphology of tumour
cells was altered, resulting in elongated nuclei and cytoplasi
with irreqular projections at tha advancing margin. With the
continuation of growth, muscle fibres lost their reticulin
sheath in focal regions, and tumour cells came to lie in direct
contact with the muscle fibres. The muscle nuclei began
shrinking and gradually the fihres lost their cross-striations,
hecame hyaline and finally disappneared. %hen sufficient numbers
of tumour cells had grown into an area the cells reformed into a
lobulated pattern with each lobule baing surrocunded hvy reticulum
fibres. The isolated atrophying muscle fibres could be seen
both inside and outside these tumour lobulas. Only rarelv a
mesenchvmal reaction hetween the advancing tumour and mucscle
fibres was seen, consisting of young fibroblastic cells with
capillaries and moderate nolymorphonuclear and mononuclear

infiltrate (Fig. 18).



Bonz and bone marrow.

The tumours did not invade the periostsal connective
tissue of the humerus or of the ribs (Fig. 1%9). Tumour ceclls
dissected'through muscle fibfes right up to the periosteum but
did not progress further. The bon= marrow was hypsrcellular,
and the hypercellularity anpeared largcly due to incroase in
granulocytes. Megakaryocytes were slightly increased. Tumour
cells were generally absent either in marrow spaces or in

vascular spaces. No plasma cell hyperplasia was sceen in the

bone marrow.

Lymph nodes:

A systematic dissection of lymph nodes during post-
mortem examination was not done. Eowever, sections of the heart
and thymus, removed en bloc during autopsy, usually contained
mediastinal lymph nodes. 1In the majority of these nodes there
were free floating tumour cells in the subcapsular cortical
sinuses (Fig. 20), which seemed to stream down towards the
medulla. Infrequently metastatic foci were seen in these lymph
nodes. In several cases, cervical, contralateral axillary
and mesenteric nodes were examined. The contralateral axillary
and mesanteric nodes ware uninvolved: the cervical nodes had
tumour cells in the subcapsular sinuses. Secondary effects
possibkly attributable to the tumour such as follicular hynerplas-

ia or sinus histiocytosis were absent in these lymph nodes.



Small lymph nodes of microscopic size were sometimes seen in the
vicinity of the pulmonary hilus and renal pelvis: these did not
demonstrate morphologic change. Ixtranodal lympnhoid aggregates

such as Peyer's patches in the small intestine were unremarkable.

Liver:

Sections of liver from normal mice showed parenchymal
cells arranged two deep in cords separated by collansed
sinusoids which were lined hv cells with small elongated nuclei
and indistinct cytoplasm. 1In all of the tumour-hearing animals,
scattered tumour cells in the hepatic sinusoids appeared as
early as 7th or 8th day after tumour inoculation. With the
appearance of tumour cells the sinusoids hecame dilated. A
moderate number of polymorphonuclear leucocvtes with a
sprinkling of lymphocytes were admixed with tumour cells. The
number of tumour cells in the sinusoids grew with progression
of the neoplasm. Although the sinusoids communicate not only
with central veins but also directly with hepatic veins, tumour
cells were restricted to sinusoidal spaces and not saen in other
hepatic vascular spaces (Fig. 21). -Bizarre-shaped nuclei,
multinucleated giant cells and abnormal mitotic figures were
frequently found among these tumour cells. The cytoplasm was
usually scanty and slightly basonhilic. The hepatic parenchymal
cells exhibited a moderate degree of morvhelosical ckhanges.
Normally thesc cells were large containing one OY two round

nuclei, fairly uniform in size with an occasional mitotic
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figure. Simultaneously with the infiltration of tumour cells
the parenchymal cell nuclei showed general enlargement and
marked dissimilarity in size while rotaining their round or
globoid shape. The number of mitoses was moderately incraased.
A study of interrelationship ketween tumour cells and parenchym-
al cells not only revealed direct aghaesion, hut also an actual
entry of tumour cells into paranchymal cells (Figs. 22, 23).
The engulfed tumour cells had very little cytoplasm and there
was a clear halo around them. Nuclei of the host parenchymal
cells were displaced and deformed by the smace-occupying tumour
cells. In general, the parenchymal cells had a coarsely
granular cytoplasm. No abnormality was noted in structures of

the portal spaces.

Spleen:

| in early stages of dissemination, neoplastic cells
in all of the tumour-bhearing animals were first seen in
subcapsular spaces which hacame prominent comnared to those of
the spleen of the normal mouse. With the spread of tumour by
infiltration around the maloighian corpuscles, the red puln
diminished considerably. As the vascular arrangement in the
mouse spleen is non-sinusoidal (see discussicn), tumour cells
echould be seen in direct contact with splenic lymphoreticular
cells, mostly in the subcapsular and perifollicular regions

(Fig. 24). Compared to the normal spleen it appeared that

many splenic lymphoreticular cells in the perifollicular region
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acquired an increased amount of somewhat basophilic cytoplasm
following tumour dissemination. With methyl qréen pyronin stain
this cytoplasm was daenly pyroninophilic. When there was a
longer survival of the tumour-bearing animal there appeared to
be hyperplasia of reticulum cells in the white nulp; only with
prolonged survival did tumour cells jnvase the white pulp from
the periphery and grow in it. In spite of the presence of
numerous pyroninophilic cells, plasma cells were generally

absent.

Pancreas: =

Both exocrine and endocrine pancrees were unremark-
able. In a small number of cases, tiny areas on the surface of
the pancreas wvere attached to the splenic capsule by fibrous
connective tissue which showed scattered mononuclear cell

infiltrate but no tumour cells.

Kidney:

clomerular capillaries contained isolated tumour
cells (Fig. 25) in kidneys of all of the tumour-bearing animals.
Tumour cells usually were represented as large, vesiculated,
lobulated nuclei devoid of cvtoplasm, the size and appearance
of which were quite distinguishable from the neighbouring
epithelial and endothelial cells. lot more than two Or three
tumour cells were seen in one glomerulus, and not all glomeruli

were affected. Glomeruli harbouring tumour cells always
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contained a few polymorphonuclear leucocytes. Thus the
hypercellularity that these glomeruli demonstrated was thought
to be due to the presence of tumour cslls and leucocytes rather
than to an increase in normal cellular components. ™Mitotic
figures presumably of tumour cells, were occasionally seen in
cells in the glomezruli. Hyaline, proteinaceous tubular casts
were not constant, and when present were more often seen in the
cortex than in the medulla. The interstitial tissue and the

vascular systen were unremarkable.

bddrenal:

Adrenals were free of tumour involvement.

Intestine:

When transplants wers grown intraperitoneally tiny
tumour nodules were seen on the serosal surface (Fig. 26) .
These nodules were separated from the intestinal wall by a dense

layer of connective tissue.

Gonads:
Verv rarely lumens of ovarian capilleries containzad
tumour cells. Otherwise sections of ovarias, uterus and

fallopian tubes were unremarkable.

Lungs
Extensive dissemination of tumour cells in the

alvaolar septal capillaries were constantly seen (Fig. 27).



These cells, although lacking a discernible cvtoplasm, could
casily be recognized by their arnormal nuclcar mornhologv in
comparison to other c=zlls in alvesolar senta. Presence of

tumour cells in capillaries was always accompanied by a moderate
infiltration of polymorphonuclear leucocvias in the septa.
Tumour cells were not seen in the vascular spaces around the
bronchioles. In one mouse with longer than average survival

sheets of tumour emboli in veins (Fig. 28) and numerous fibrin

thrombl were seen.

Eeart:

Isolated tumour cells ware found in small myocardial
capillaries. Typical 1obulated‘nuclei with scant amount of
pyroninophilic cytoplasm of tumour cells were readily

distinguishable from other myocardial cells (Fig. 2%).

Thymus :

The thymus of normal mice is composed of a dense
cortex surrounding a pale medulla. In tumour-~bearing animals
density and thickness of the cortex showed a wide variation.
Even when the adjacent adipose tissue was infiltrated with
tumour, the thymus did not show direct invasion or vascular

dissemination.

Brain:

flo tumour cells were found in the cerebral vessels.,
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(iii) Electron microscopy-

Liver:

When tumour cells reached hepatic sinusoids thev
underwent morphological changes which were manifested
principally in the cytoplasm. In contrast to tumour cells at
the primary site, where the large nuclei occupied a central
position surrounded by a rim of cytoplasm, in hepatic sinusoids
the major portion of cytoplasm seemed to shift to one side of
nuclei, apparently towards the direction of hlocd flow. The
cytoplasm at this margin had irregular projections (Fig. 30).
Many cells, probahly due to crowding in sinusoids, had lost
the greater part of their cytoplasm with consequent loss of
organelles in varyinag degree, including virus-like particles
(Fig. 31). The nuclei often retained their irregularly
convoluted appearance with chromatin material mainly arranged
at the periphery and lack of distinct nucleoli. The tumour
cell surface was in close proximity to the aksorptive surface
of parenchymal cells which was represented by numerous
microvilli.

It app=ared, as noted with light microscopy., that
some tumour cells graduallv gained c¢ntrance inte the cytoplasm
of hepatic parenchymal cells. The following observations
suggested that this migration represented an active invasion
by tumour cells rather than a phagocytic enqulfment of them

by parenchymal cells. Tumour cells infiltrated through gaps



vetween Kupffer cells. If this occurred at the junction of

two hepatocytes, the desmosomal attachments between two
parenchymal cells stopped abruptly at or near the margin of ths=
infiltrating tumour cell (Fig. 32). In the process of invasion,
tumour cells in the majority of instanc2s wera seen with a
depleted cytoplasm containing very few organelles but with a
large nucleus; infrequently the nucleus was small and there was
a ﬁoderate amount of cvtoplasm containing a regular complement
of organelles. Plasma membranes of hoth tumour cell and
parenchymal cell were indistinct at the site of contact. When
tumour cells were lodged within the cytoplasm of parenchymal
cells a very thin rim of cvtoplasm surrounded tumour nuclei,
containing free rihosomal particles and several small cisternae
of endoplasmic reticulum (Fig. 33). Occasional virus-like
particles remained. There was a clear space vetween the lodged
rumour cell and the cytoplasm of the parenchymal cell.
Depending on the size and site of thé lodged tumour cell, the
parenchymal ccll nuclei were distorted. Tha cells lining the
nearby sinusoidal space did not show alteration, and it seemad

that tumour cells preferentially invaded parenchymal cells

Spleen:

Tt has been mentioned hefore that the splenic
circulation is non-sinusoidal. Therefore tumaur cells wexe
scen in direct contact with splenic lymphoreticular cells., It

was observed that following tumour infiltration, many splenic
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lymphoreticular cells turned into pyroninophilic cells. These
pyroninophilic'cells were 1arqer than ordinary splenic
lymphocytes with 2 considerable amount of free rihosomaes and

a moderate amount of rough endoplasmic roticulum dispersed
throughout the hyaloplasm. These cells had a wzll developed
Golgi apparatus. Thera appeared to be points of adhesion
between tumour cells and anlenic cclls (Fig. 34, 35). At the
site of adhesion the plasma nembranes of both cells appeared
deficient, and on occasion, virus-like particles were seen in
+he region of these contaét gones. Many pyroninophilic cells
contained virus-like particles, suggesting their migration from
tumour cells (Fig. 36). The location of the particles in
pyroninophilic cells was in the hyaloplasm and they tended to
congregate in one area whereas in tumour cells they were almost
exclusively seen within cisternal spaces of the endoplasmic

reticulum.

4., SUMMARY OF FINDINGS

The pattern of dissemination of tumour cells in
later transplant generations of Adj-PC-5 type of nlasma cell
neoplasm through 60 transfers remained the same. The sites of
inoculation, subcutaneous Or intraperitoneal, did not influence
this pattern. 2part from tumour nodules developing at sites of
implantation, the only other consistent gross abnormality was
splenonegaly. Microscopically tumour cells were found in the

subcapsular and perifollicular regions in spleens. HNumerous
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tumour cells were present in hepatic sinusoids, pulmonary
alveolar septal vessels, glomerular capillaries and subcortical
sinuses of mediastinal lymph nodes. .When the survival time

of tumour-bearing animals was restricted to between 12 and 20
days of tumour growth, metastatic nodular deposits were absent
in organs which however demonstrated considerable number of
tumour cells in lymphovascular spaces. Locallv, the
subcutaneous tumour infiltrated into adjacent skeletal muscles
of the forelimb and of the intercostal regions. In mice
receiving intraperitoneal transplants the peritoneal tumour
nodules grew on serosal surfaces hut failed to penetrate the
intestinal wall.

In liver tumour cells sometimes actually gained
entry into the cytoplasm of parenchymal cells. The engulfed
cells were considered viable hecause their nuclei vere®ifitact
and surrounded by scant cytoplasm containing a few organellec.
This phenomenon vas thought to be similar to emperipolesis;
which is exhibited by lymphocytes.

Many splenic lymphoreticular cells hecame
pyroninophilic following tumour dissemination. Under the
electron microscope some of these altered cells were found in
direct contact with tumour cells. These contacts were
sssociated with the appearance of virus-like particles in the

hyaloplasm of pyroninophilic cells.



5. DISCUSSION

The pattern of metastases describad in this study of
later transplant generations of Adj+<PC-5 plasma cell neoplasm
differed from that reported in the primary tumour and in the
earlier transplant generations. Cells from the primary and
early generations of tumours did not spread to ahdominal organs
and were inconstantly found in marginal or hilar sinuses of
lymph nodes (109). widespread dissemination of tumour cells
however was found to be constant in later generations. On the
average, tumour-bearing animals were sacrificed on the 12th day
of tumour growth, and neoplastic cells were invariably found in
considerable numbers in the hepatic sinusoids, in the spleen, and
in pulmonary septal and glomerular capillaries. Isolated
tumour cells were not unusual in myocardial capillaries and
tumour cells in subcapsular sinusoids of lymph nodes were
frequent.

That the pattern of metastases changzs with the number
of transplantations has already bheen described in relation to
localized plasmacytomas spontaneously developing at the
ileocaecal region of C3H mice (28). Tha primary tumour formed
metastatic nodules in thymus, spleen and liver. It invariably
metastasized to mesenteric nodes but sparsd lymph nodes in other
parts of the body. 1In early transplant generations the tumour
also spread to the gonads. With progress of transplant

generations the tumour rapidly grew to an enormous size at the
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site of subcutaneous inoculation, but only a few tumour cells
were seen in the internal organs.

In spite of apparently increasad malignant potential
of later transplant generations in this study, no lesions was
seen in bones. The inability of almost all types of experiment-
al plasma cell neoplasms (except type X5363 with prolonged
survival) to cause osteal lesions is in marked contrast to human
multiple myeloma. The reported extraskeletal spread in human
multiple myeloma was most frequently to the snleen, liver,
lymph nodes and kidneys (181). Involvement of other organs
such as lungs, gastfointestinal tract, pancreas, adrenal,
nladder and testis has also bheen reported (182). Inhumans in the
spleen, infiltration appeared first in sinusoidal spaces and
later the malpighian corpuscles were invaded. In addition to
parenchymal involvement in various organs myeloma cells were
found in paravertebral venules and other vascular spaces
including hepatic sinusoidg. In kidneys both peritubular
capillaries and the interstitial tissue contained myeloma cells.

Engorgement of hepatic sinusoids with neoplastic
cells without lodgement in parenchyma is seldom seen in human
neoplasms, except in such rare tumour-like conditions as
histiocytic medullary reticulosis (183). In this study tumour
cells in sinusoidal spaces seemed to burrow actively into the
cytoplasm of hepatocytes. Transcellular migration is known to

be a property of lymphocytes. The word “emneripolesis®;
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derived from the Greek and meaning “inside round about
wandering”, has been used to describe the “phenomenon whereby
the living lymphocytes become adherent to other cells or
apparently pass over and into them? (184). Ixamination of
various normal tissues from different species including that of
the human, has shown that healthy lymphocytes are found within
the cytoplasm of a variety of cells, mostly epithelial. The
main types of host cells include those of intestine, trachea,
thyroid, liver, urinary tract and fibroblasts. The intestinal
epithelium appears to be the: only place where engulfed
lymphocytes have been observed to undergo mitosis (185). Using
phase-contrast time-lapse cinemicrography on serum-agar culture
of cells it was shown that lymphocytes could enter malignant
cells of both human and murine tissue origin (184). Conversely,
leukaemic lymphoblastic cells, both of murine and human origin,
could enter reticular and fibroblastic cells (186, 187).
Following invasion the foreign cell lodaes its=lf in a vacuole
with a distinct membrane, surrounded by an unstained area
appearing as a halo. Rlectron microscopy of mouse ascites
lymphocytic tumour cells that had invaded macrophages (188)
showed that two membranes separated the invading cell from the
host cell, one belonging to the former and the other to the
latter. However, the membrana of the macrophage was often
deficient in focal areas, and thus the cytoplasm of host cell

came in direct contact with the membrane of the invading cell.



With malignant lymphocytes, the consequence of emperipolesis was
either the destruction and digestion of the invading cell (189),
or the disintegration and death of the host cell (190). Until
now, emperivolesis has been known to be exhibited onlv by
lymphocytes, either normal or malignant (15%1).

Tumour cells in later genezrations of plasma cell
neoplasms demonstrated the phanomenon of emparipolesis only in
hepatocytes and not in other cells. The hepatic parenchymal
cells in tumour-bearing mice were larger in size than tumour
cells taking part in empneripolesis whereas at other sites such
as spleen, lungs and kidneys, tumour cells were larger than the
neibhbouring cells. In contrast to emperipolesis shown by
lymphocytes, the membranes defining tumour‘cells and the
cytoplasm of the host cell were not distinct, although an
electron-lucent space was prasent between them. It did not
appear that the host cell was exerting a digestive faculty on
the invading cell, as lysosoma-like structures were not seen in
significant numbers in the vicinity of tumour cells. The
engulfed tumour ce&lls had scant cytoplasm, but the nuclei
appeared intact. It was also noted that nuclei of tumour cells
were larger after being lodged within the parenchymal cell than
following penetration through the endothelial smaces.  There-
fore it seemed doubhtful that emperinolesis of tumour cells
resulted in their destructiom: it anpearad more likely that the

host cell would eventually die and he replaced by the tumour
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cell.

There were two interesting alterations in spleens
containing tumour cells. Fellowing tumour dissemination to the
spleen many splenic cells became pyroninophilic and these
altered cells contained virus-like particles. It has been
shown with silver impregnation techniques that in mouse snleen
(192), capillaries and penicilli arising from the central arterv
terminate by opening intc the perifollicular space, after
pursuing a radial course through the pulp and forming frequent
anastomosaes. The perifollicular space is open and not bound
by sinusoidal walls, resulting in a "non~sinusal” type of
splenic circulation. The narrow, branched venous twigs
(*primordial veins") originate in the red puln. Due to this
"open” circulation tumour cells came in direct contact with
splenic cells. Whether the transformation to pyroninophilic
cells was due to humoural stimulation mediated by dysgamma-
globulinaemia (see review of the literature on amvleidosis in
next section) or through some influence cof the tumour cells is
a matter of conjecture. The virus-like particles which were
present in pyroninophilic cells were morphologically similar
to those in tumour cells. It has been showr that if isolated
virus-like particles are put in the media with a culture of
mouse embryo cells they fail to enter the cells (193).
Therefore it appears that there might have been fusion hetween

tumour cells and pyroninophilic cells for the transfer of

virus-like particles.
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Figure 16. A section of skin overlying the subcutancous tumour

shows multilayered cpidermal cells, in contrast to the two-

cell layer of normal mouse skin. The uppermost layer consists

of stratum granulosum, usually absent in normal skin. Tho

dermal connective tissue is loose and oedematous. .

Haematoxylin and eosin. X120.

Figure 17. A section of skeletal muscle shows separation of

fibres by infiltrating tumour cells.

X240,

Haematoxylin and eosin.
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Figure 18. The section shows a cellular reaction consisting of
young fibroblasts and mononuclear cells between the advancing

tumour and underlying skeletal muscle. Haematoxylin and

eosin. X120.

Figure 15. The section shows the humerus with surrounding
skeletal muscle massively infiltrated by tumour, which does
not penetrate the periosteum. Haematoxylin and cosin.

X120.
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Figure 20. & section of a mediastinal lymph node showing
tumour cells in subcorticai sinuses. Haeratoxylin anéd

eosin, X186,

-

Figure 21. A section of liver showine tumour celis in
sinusoidal spaces in association with a sprinkling of

Polymorphonuclear leucocytes. Haematoxylin and eosin.

xlisge.
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Figurs 24. A section of spleen showing tumour cell infiltration
in the subcapsular region (arrow). Megakaryocytes (dcubl:z
arrows) are normally present in mouses splesn, and are
éistinguished from tumour cslls by their iarger size and

abundant cytoplasm. Haematoxylin and eosin. X249,

Figure 25. A scction of kidney showing tumcur cells in
¢lomerular capillariss (arrows). Haematoxylin anéd eosin.

%216,
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Figure 26. 2 section of a tumour nodule on the scerosa] surfaece
g i

of the large intestine following intrapcritoneal transplantat-

ion. The tumour does not infiltrato beneath the serosal

surface. Haematoxylin and eosin. X210,

Figure 27. A section of lung showing large, hyperchromatic

tumour cells in alveolar septac.

X420,

Haematoxylin and eosin.
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Figure 28. A section of lung showing¢ a tumour embolus in a

vascular space. Haematoxylin and eosin. ¥X210.

Figure 25. A section of myocardium showing a tumour cell in

a capillary lumen (arrow). Methyl green pyronin stain.

X420,
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Figure 30. A tumour cell (TC) in a hepatic sinusoidal space
showing irregular projectiéhs of the cytoplasm (arrows). The
cytoplasm has a considerable number of free ribosomes but
only a few small cisternae of endoplasmic reticulum. 2
portion  a hepatocyte (HC) is seen at the top of the electronr

micrograph. Uranyl aceétate and lead citrate. X10,000.
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Figure 31. A tumour cell (TC) in the sinusoidal space has a
large nucleus and a cytoplasm with numerous free ribosomes
but scant endoplasmic reticulum and a few mitochondria. A
portion of a hepatocyte (HC) is seen at thre top and on the
left of the electron micrograph. Uranyl acetate and lead

citrate. X9,000.
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Figure 22. An electron micrograph showing a tumour cell
between two hepatocytes (HC). The sinusoidal space is on
the lower right, showing a portion of a red »Hlood cell and a
Kupffer cell. The desmosomal attachments (arrow) between
the two hepatocytes are present above the tumour cell.

Uranyl acetate and lead citrate. X8,000.
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Figure 33. An electron micrograph showing a tumour cell (TC)
within a hepatocyte (EC). The tumour cell has scanty
cytoplasm containing freeAribosomes and a few tiny cisternae
of endoplasmic reticulum. 2h electron-lucent space
separates the tumour cell from the cvtoplasm of the

hepatocyte. “Uranyl acetate and lead citrate. X8,000,






Figure 34. &An electron micrograph shcwing a large tumour cell
(TC) in close proximity to two splenic cells (S). Uranyl

acetate and lead citrate. X8,0200.
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Figure 35, An electron micrograph showing approximation of
the cytoplasm of a tumour cell (TC) and a splenic cell (s).
The plasma membranes in this area are indistinct (arrow).

Uranyl acetate and lead citrate. X12,600.
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Figure 36. An electron micrograph of a splenic cell having
the characteristics of a pyronincphilic cell. The cell
has an elaboratc Golai apparatus (GA), numerous free
ribosomes and scattered cisternae of rough =ndoplasmic
reticulum. Virus-like particles (V), similar to those
of tumour cells, are present in the hyaloplasm. Uranyl

acetate and lead citrate. 11,200,
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VI. Investigations Concerning Amyloidosis in Later Transplant

Generations of Adj~-PC-5 Plasma Cell Neoplasm: Present

Study.
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1. INTRODUCTION

(1) Amyloid and amyloidosis:

Virchow applied the name 'amyloid' to a substance
which exhibited the property of a starchy element, turning blue
or purple after iodine staining and gentle application of
sulfuric acid. BAnalysis of chemically purified extractions has
shown that amyloid is highly hydrophilic (water content about
35%), consisting of approximately 85% protein and 15% aminorugars
and neutral sugars. About 18 different kinds of aminoacids have
been found in the protein moiety with a relatively high amount
of aspartic and glutamic acids. No hydroxyproline is present.

In the sugar component glucosamine, galactosamine, glucose,
mannose, rhamnose and fucose have been found. Sialic acid is
present in small fractions. About 0.3% of uronic acid present in
amvlnid contains chondroitin sulfate, heparan sulfate and
hyaluronic acid (194, 195). The histological staining
characteristics of amyloid have been known for a long time; it
stains with Congo red and the post-stained material shows a
green birefringence and dichroicm on polarization microsccpy, and
it demonstrates motashrooasit with c=-1ta) violet. Newer
staining methods such as Sirius red (196) and application of
fluorescent dyes such as thioflavine T and S (197) are frequently
used. Ultrastructurally human amyloid deposits consist of two
types of fibres. Type 1 fibres (198), representing 90% of the

total deposit, are composed of a number of filaments. Each
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filament is 75-808 in diameter and consists of 5 subunits
(amyloid protofibrils) in parallel arrangement. These subunits
are 25-308 wide and show a helical arrangement vith a 35-508
repeat. Type II fibres (199), representing the remaining 10%,
appear as 1008 rods, divided in to segments at 408 intervals.
On cross section, the se¢ .:s consist of a pentagonal structure
(the unit structure) composed of five globular sections
surrounding a dense core.

various cell types have been implicated in the
formation of amyloid. Amyloid fibres were seen within the
reticuloendothelial cells in the perifollicular zone of spleen
in O34 mice treated with casein (200) . Intracellularly these
fibres were in close proximity to mitochondria and free
ribosomes. In the spleen of casein-induced amyloidotic New
7ealand rabbits (201), fibrils were found within reticuloendothe-
1i2l cells of the red pulp. radioauntographic investigations
suggested that the Golgli apparatus was involved in the prelimin-
ary elaboration of fibrils, which were at first localized at
the cell surface and finally seen free in the extracellular
space. Ultrastructural studies of bon2 marrow from a patient
with multiple myeloma revealed the presence of amyloid fibrils
in reticuloendothelial cells, in close association with free
ribosomes (202). A scalp nodule in a patient with multiple
myeloma contained amyloid fibrils and sparse cellular elements

which were solely of fibroblastic type. From this observation
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it was concluded that amyloid fibres were a variant of one of
the normal scleroproteins and fibroblasts might be responsible
for their formation in certain instances (203) .

The following clinicopathological classification of
human amyloidodsis (204) is widely used: a) primary: which is
not associated with long-standing diseases and in which tissues
such as muscles, blood vessels and skin are preeminently
jnvolved; b) secondary: which is usually associated with chronic
infective conditions, rheumatoid arthritis, tumours etc. and in
which the internal organs such as liver, spleen, and kidneys
are principally involved; c) "tumour-forming": characterized by
small, single or multiple masses of amyloid, especially in the
respiratory tract; and 4) amyloid associated with multiple
myeloma.

It has become apparent in recent years that a number
of heredofamilial forms of amyloidosis (205) cannot be
conveniently fitted into the above classification. Hence a
morphélogical classification has been proposed on the basis of
localization of amyloid material in relation to the fibrous
connective tissue. With the aid of polarization microscopy.
it is seen that at the beginning amyloid is deposited either
along reticulin fibres and reticulin containing basement membrane
or along collagen fibres. Thus amyloidosis is classified in two
broad groups: perireticulin and pericollagen (206). The

perireticulin group includes: hereditary amyloidosis with
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nephropathy, primary and secondary amyloidosis. The pericollagen
group includes: hereditary amyloidosis with neuropathy or
cardiomegaly, "tumour-forming"” amyloidosis and amyloidosis
associated with plasma cell dyscrasias. 1In systemic lupus
erythematosus both forms can be present simultaneously.

| The pathogenesis of amyloid formation is still a
matter of speculation; the involvement of a variety of factors
appears more likely than that of a single mechanism. In
experimental animals numerous agents and methods have been used
successfully to induce amyloidosis (207). It is believed that
after injection of amyloidotic agents, an intermediate substance,
amyloid-enhancing factor (AEF), develops which has been found
to be antigenically related to mouse IgG (208). Observations
of both human and animal conditions indicate that dysproteinaem-
ia with associated disorders in immune mechanisms is generally
the cardinal predisposing factor in the development of
amyloidosis. The incidence of amyloidosis in human multiple
myeloma is relatively high, ranging from 5 to 20% of cases (209) ,
and this has led to considerable investigation of relations
between plasma cell dyscrasia and amyloidosis. It has been
suggested (210) that "in the majority, if not in all cases of
'amyloidosis', there is 1) an underlying proliferative disorder
(*dyscrasia') of plasma cells, with an associated derangement in
gamma-globulin synthesis; 2) that the gamma~globulin products

of these abnormal plasma cells are directly responsible for the
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production of 'amyloid infiltrates'". Particular stress is put
on Bence Jones protein (L-polypeptide) which is thought to be
directly responsible for the producticn and accrmulation of
amyloid. This concept is contrary to the demonstrated facts
that plasmacytosis is not always present with amyloidosis (211),
and that amyloidosis has been reported in cases of agammaglobulin—
aemia (212).

The "two-phase cellular theory of local secretion” of
Teilum ¥213) is widely quoted as a possible mechanism for
amyloid production. Initially, there is proliferation of
reticuloendothelial cells in response to antigenic stimuli, with
production of pyroninophilic cells and plasma cells and a
concomitant rise in the level of serum gamma globulin. Undexr the
stress of continued stimulation the altered cells (pyroninophilic
cells and plasma célls) reach a state of exhaustion. 2t this
stage a PAS-positive substance appears in the cytoplasm of the
altered cells, the serum gamma globulin level decreases, and
the dysfunctional cells begin to elaborate amyloid fibrils. An
extension of this concept describes the process in three stages
or phases (214). Tn the hyperglobulinaemic reticulum cell
sarcoma of mice, pyroninophilic cells appear in the splenic
perifollicular space. This is attributed to humoural stimulation
and is similar to the splenic changes described in this thesis
in Section V. With the appearance of pyroninophilic cells the

first phase the proliferative stage has begun which later goes
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into the inversion stage with change to PAS-positi§ity of the
cytoplasm, and finally énds in the amyloid stage when fibrils
are precipitated around cells.

Teilum first observed that amyleid production could
be considerably increased in spleens of mice pretreated with
casein by administration of nitrogen ﬁustard (215) . The basic
mechanism was thought to be the suppression of actively
proliferating mesenchymal (pyroninophilic) cells by nitrogen
mustard, and thus acceleration of the second phase and amyloid

production.

(ii) Amyloidosis in murine plasma cell neoplasms:

Out of 7 transplantable sublines of a spontaneous
plasma cell leukaemia (216) occurring in (CBA X DBA/2)F; mice,
amyloid was found exclusively in glomeruli in 2 sublines with
electrophoretically normal serum protein pattern. There were
neither Bence Jones proteinuria nor '‘myeloma kidney'. In a third
subline with hypergammaglobulinaemia the spleen was the only
organ to exhibit amyloidosis. It was deposited in the peri-
follicular region in close association with pyroninophilic
cells and plasma cells. Among the induced forms of plasma
cell neoplasms, several types of MOPC tumours demonstrated renal
interstitial infiltration of amyloid (217).

It has been shown in Adj-PC-5 plasma cell neoplasm
that amyloid can be detected in the tumour and the liver as

early as 15 days after transpiantation. After 20 days the
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kidneys are involved and at 24 days, amyloid was alsc found in

the heart, lungs and spleens of a few mice (218).

(iii) The present study:

The present study was undertaken to seek confirmation
of the findings of the above investigators (218) who also worked
with Adj-PC-5 tumours in later generations. Attempts were made
to enhance the life-span of tumour-bearing animals by varying
the methods of transplantation. Nitrogen mustard was used for
two reasons: 1) its enhancing effect on the production of
amyloid; and 2) its ability to increase the life-span of tumour-
bearing animals without completely eradicating the tumour, thus
prolonging the hypergammaglobulinaemic state which might induce

amyloidosis.

2. HMATERIALS AND METHODS

To increase the life-span of tumour-bearing animals,
50 mice were given decreased quanta of inocula and the minced
fragments were repeatedly washed before injection. In an
additional 50 animals, known numbers of tumour cells were
inoculated instead of tissue fragments. For this the tumour
tissue from the donour mouse, immersed in the medium, was minced
on a fine wire mesh in an attempt to ensure that free cells
would pass through and tissue fragments would be eliminated.
The cells were counted using a haemocytometer; necrotic cells

were identified by their affinity for the eosin stain and were
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not counted. A known numter of cells in 0.5 ml of the medium
was injected subcutancously in the right axillary region or
intraperitoneally. At the onset a cell count of 2 millions per
injection was given, and in the succeeding 10 transplants the
cell count was reduced to 4000 per injection. Further reductions
in numbers were avoided to maintain reasonable accuracy in counts.
According to the purpose of experiments with nitrogen
mustard, the animals were divided into 3 groups. However,
methods of initiating tumours and the scheduling of the 1st
injection were similar in all of the animals. Minced fragments
were injected subcutaneously in the right axillary regions of
female BALB/cJ mice between 12 and 16 weeks of age. When the
subcutaneous lesion achieved a moderate size around the 8th to
10th day, nitrogen mustard (Mustargen, Merck Sharp and Dohme of
Canada limited, Montreal; 10 mg dissolved in 10 ml of distilled
water) was injected subcutaneously at the base of the left
forelimb, on the contralateral side of the neoplasm. The dosage
given was 2.5 mg per kg of body weight (the average weight of a
mouse is 20 mg). The time of the lst nitrogen mustard injection
varied from the 8th to the 10th day due to the fact that the
growth rate of the tumours was inconstant, presumably because
of quantitative differences in the inocula. The size of the
growth was visually assessed before the administration of nitrog-
en mustard.

After the lst injection of nitrogen mustard. the
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Group I animais received 2 further injéctions of the same dose
at 2 days intervals. They wére sacrificed on the 3rd day
following the last injection. The dosage and the schedule of
nitrogen mustard administration were according to Teilum's
experiments on casein-treated mice (mentioned in the Introduction
of thepresent Section; Ref. No. 215). Five such experiments,
each consisting of 3 anlmals, were carrled out.

The Group II experiments were carried but to prolong
indefinitely the survival of animals carrying a grossly demon-
straﬁle subcutaneous tumour. Hence the schedule of injections
followed in the Group I experiments was interrupted and the 2nd
injection did not follow the 1lst one éfter a 2 day interval.
Instead, the 2nd injection was withheld until the subcutaneous
tumour regained its original size. Altogether 15 animals were
used in the Group II experiments; in 5 of these, a 3rd injection
of ﬁitrogen mustard was administered, depending on the clinical
state of the animal.

The Group III experiments were designed for an
electron microscopicstudy of the effect of nitrogen mustard on
tumour cells at the site of inoculation. Altogether 5 tumour-
bearing animals were used and the mice were sacrificed on the
3rd day following the 1lst injection of nitrogen mustard.

Methods of sacrificing animals, post-mortem examinat-
ions, collections of tissues, and processing for light and
electron microscopy, have been described under Materials and

Methods of Section IV.
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3. OBSERVATIONS

(i) Gross findings:

In spite of varying the methods of transplantation
the longest survival achieved was 23 days. Nearly 90 out of
100 lived from 16 to'20 days, while the remaining 10 lived from
21 to 23 days. The tumour at the site of inoculation took
longer to appear, but once formed the rate of growth was similar
to that of tumours grown by the usual quanta of inocula. The
difference in the number of dlspersed cells injected did not
have much appreciable effect on the growth.

In experiments with nitrogen mustard, the subcutan-
eous tumour rapidly abated in size after the 1lst injection, but
did not completely disappear. At the site of nitrogen mustard
injection in the left axillary region, an oedematous swelling
appeared within a short time following the 1lst injection, that
extended to the forelimb. The swelling progressed to focal
ulce;ation, and the forelimb itself appeared shrivelled and
atrophied.

In Group I experiments, the subcutaneous tumour at
the site of inoculation disappeared soon after the 2nd injection
of nitrogen mustard (Fig. 37): therefore at the time of sacrifice
on the 3rd day following the 3rd injection, the animal was devoid
of a grossly visible tumour. When the skin overlying the site
of tumour inoculation was reflected no tumour mass was present.

Among the internal organs the spleen appeared markedly decreased
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in size, in contrast tc the findings in untreated tumour-bearing
animals, in which the spleen was the only organ to show gross
enlargement.

In Group II experiments, the longevity of tumour-
bearing animals ranged from 26 to 39 days. At the time of
sacrifice the tumour mass showed relatively more necrosis than
what was seen in untreated cases. 2Among the internal organs
the spleen was markedly enlarged with a bosselated capsular
surface. In some instances greyish~white pin-head sized deposits
resembling metastatic nodules were seen on the capsular surface
of liver.

In Group IIIX experiments, the tumour mass was
comparatively smaller in size, and the lesion showed extensive

necrosis.

(1ii) Light microscopy:

In animals with longer survival, patterns'of 1ocal_
invasion and of dissemination were similar to that seen in
animals with an average survival (described in Sectioh V)
although there were numerical increase in tumour cells both in
areas of local spread and in lymphovascular spaces. Polymorph-
isms of neoplastic cells were more conspicuous. Amyloid was
nét detected irn tumour tissue, liver, kidneys, spleen or lungs.

Tn Group I experiments, no tumour cells were found
in the subcutaneous tissue and adjacent skeletal muscles at

the site of tumour implantation. The wide dissemination of
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tumour cells in untreated animals was absent in treated ones.
Bizarre hyperchromatic cells resembling tumour cells but not
definitely identifiable as such, were occasionally seen in the
alveolar septal capillaries or in the splenic perifollicular
space; but in general, the treated animals were found to be free
of tumour. There was generalized depletion of lymphoid tissue,
and lymphoid cells demonstrated a marked degree of pvknosis and
karyorrhexis. As a result of lymphocytic depletion, the
morphological demarcation between cortical and medullary zones
in the thymus and lymph nodes was lost in most areas. In the
spleen the white pulp was markedly diminished with increase of
red pﬁlp'(Fig. 38). The connective tissue septae were unusually
prominent. The perifollicular areas contained moderate amounts
of haemosiderin granules. Pyroninophilic cells disappeared.
Megakaryocytes wére decreased in number. The bone marrow was
remarkably hypocellular with'large lakes of haemorrhage and a
few small clusters of cells, mostly of granulocytic nature. No
significant'abnormality was noted in such organs as liver,
lungs, kidneys and heart. No amyloid was detected in any of

the internal organs.

In Group II experiments, sections of the subcutaneous
tumour showed large areas of necrosis in the central region of
lobules with only two or three layers of viable cells remaining
at the periphery. In morphology and in its manner of local

invasion the tumour closely resembled those of untreated animals.
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However, the disseminating tumour cells were more numerous and
more bizarre in shape in alveolar’séptal-dapillaries, hepatic
sinusoids and glomerular capillaries. In the spleen the
perifollicular areas were packed with tumbur cells with frequent
encroachment of white pulp (Fig. 39) ., Comparcd to spleens in
Group I animals, the nuaber of megakaryocytes was increased.
Small metastatic foci were infrequently seen in liver (Fig. 40)
with tumour emboli in venous spaces (Fig. 41). Frequent
metastases were found in cervical and mediastinal lymph nodés.

No amyloid was present.

(iii) Electron microscopy (Group III experiments) 3

Ultrastructurally, tumour cells tended to be
dissociated from each other, sometimes separated by moderately
clectron-dense amorphous material (Fig. 42). Numerous myelin-
like figures were present both intra-and extracellularly,.in a
variety of shapes and sizes. In the cytoplasm the amount of
free ribosomes was markedly decreased. Cisternae of endoplasmic
reticulum were markedly dilated showing intricate convolutions.
The'majority of them were electron-lucent, many contained virus-
like particles (Fig. 43). Tlectron-dense bodies were increased
in number (Fig. 44) in many cells. The Golgi apparatus was
consplcuous in several cells. In nuclei the peripheral chromatin
was sparse and clumps of chromatin-like material were often
present within the nuclear substance. The overall impression

was that in most regions the tumour did not consist of a
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uniform cell population but contained both degenerating and

viable cells.

4, SUM¥ARY OF FINDINGS

In this study amyloid was not detected in tissues
of tumour-bearing animals. By varying methods of transplantation
the longest survival achieved was 23 days. Within this period
amyloid did not appear in the tumour substance, liver, kidneys,
spleen or lungs.

Nitrogen mustard was used because of its enhancing
effect on amyloid formation, but the results were negative. With
3 consecutive injecticns at 2 days' interval, the tumour not only
disappeared at the site of inoculation but also from the spleen
and from the vascular spaces of other internal organs. When
nitrogen mustard was administered at irregular intervals the
animals survived between 26 and 39 days and their tumours
persisted. Necrosis was prominent in the tumour at the site of
inoculation. The spleen was massively infiltrated with tumour
cells. There were metastatic foci in the liver in addition to
tumour cells in vascular spaces. Again, no amyloid was detected
in tissues including the subcutaneous tumours. Ultrastructurally,
tumcur cells demonstrated numerous myelin-like figures, decreased
ffee ribosomes and markedly dilated cisternae of endoplasmic
reticulum. Dense bodies were present in increased numbers.

Nuclei had irregular chromatin distribution.
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5. DISCUSEION

The findings of previous investigators in detecting
amyloid in later generations of Adj~PC-5 plasma cell neoplasm
(218) were not confirmed in this study. Although the longest
survival achieved in these experiments fell short of that
achieved by previous investigators, the life-span was considered
to be of sufficient length to permit amyloidotic deposits to
occur at least in the tumour substance and in liver.

In the present study, in which hypergammaglobulinaemia
was associated with a significant number of perifollicular
pyroninophilic cells, administration of nitrogen mustard was
followed by disappearance of pyroninophilic cells without
resultant amyloid.

Lffectiveness of nitrogen mustard in causing complete
regression of Adj-PC-5 tumour in BALB/c mice has been described
before (219). The results of this study werc similar. In
previous studies the ultrastructural effects of nitrogen mustard
on cells of plasma cell neoplasms has not bheen described. In
mouse epithelial cells (220) administration of nitrogen mus tard
was . followed by marked decrease of rough endoplasmic reticulum
and free ribosomes. In this study the effect of nitrogen
mastard on tumour cells scemed more widespread. The presence of
numercus myelin-like figureé indicated a toxic effect on
membranous structures; ribosones wefe decreased and the chromatin

pattern of nuclei was altered.
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Figure 37. Photograph of 2 mice inoculated with tumour at
the same time. The tumour growth in the mouse on the right
disappeared 2 days after the second of 2 injections of

nitrogen mustard. The mouse on the left was untreated.






- 163 =

Figure 38. A section of spleen following 3 spaced
consecutive injections of nitrogen mustard. The spleen
is free of tumour cells. There is marked depletion of
the white pulp and megakaryocytes have disappeared. The

red pulp is increased. Haematoxylin and eosin. X2190.

Figure 39. A section of spleen from a tumournbearing
mouse that survived for 35 days after 3 injections of
nitrogen mustard were given at irregular intervals. Only
small clusters of dark-staining splenic cells remain,

while tumour cells occupy most of the parenchymal substance.

Haematoxylin and eosin. X210.
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Figure 40. A section of liver showing a metastatic tumour
nodule on the right. On the left, a few cords of liver
cells still remain (arrow). The tumour cells are arranged
in a lobular fashion, similar to that seen in the
subcutaneous tumour at the site of irplantation.

Haematoxylin and eosin. %210.

Figure 41. A section of liver showing a tumour embolus in a

vascular space (arrow). Haematoxylin and eosin. X2190.
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Figure 42. An electron micrograph of a tumour cell, 2 days
following an injection of nitrogen mustard. Cisternal
Spaces are markedly dilated and free riboscomes are
considerably reduced in number. The chromatin is in
condensed clumps towards the centre of the nucleus. The
intercellular space in the lower left corner (I8) is
filled with amorphous material. Uranyl acetate and iead

citrate. X25,000.
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Figure 43. An electron microagraph of a tumour céll, 2 days
following an injection of nitrogen mustard. The cisternae
of the endoplasmic reticulum show marked dilatation.
Virus~like particles are seen in a few cisternae.
Scattered vesicles of the Golgi apparatus are present.

Uranyl acetate and lead citrate. X54,000.
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Figure 44. An electron micrograph of a tumour cell, 2 days
following an injection of nitrogen mustard. The
cytoplasm shows many electron-dense bodies of irrecular
sizes; some of which appear to contain membrane~like
structures and may ke residual bodies (FB).

M = mitochondrion. Uranyl acetate and lecad citrate.

X42,000.
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VII. Summary and Conclusion-
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The 24j-PC~5 plasma cell tumcur in BAL3B/c mice was
induced in the laberatory of Dr. Michael Potter, National
Institute of Health, Bethesda, Maryland, kv a single injectien
of a mixture of Freund's adjuvant and heat-killed staphyloceccci.
The necplastic plasma cells of the primary tumcur are described
as having hyperchromatic, lecbulated nuclei and deeply basophilic
cytoplasm with a juxtanuclear hof, resembling mature plasma
cells, althcugh without the clock-face pattern of nuclei. Lymph
nodes, when involved, had neoplastic cells in sinuses. The
tumour did not spread tc thoracic cor abdominal crgans, there
were no osteolytic lesicns, and so-called myeloma kidneys were
nct observed. With paper electrophoresis an elevated narrow
gamma peak was demonstrated in the serum.

The present study was cf later transplant generaticns
of this plasma cell neoplasm, from the 41lst to the 100th
transfer. The tumour was transplanted to groups of 3 mice every
12th day, usually by subcutanecus injection of minced tumour
tissue, and the local growth was studied by light and electron
microsccpy. The morphology of the necplasm did not alter
through the 60 generaticns studied. Tumour cells were arranged
in lobules of variocus sizes, separated by delicate strands cf
raticulum fibres. The cells measured 35 tc 50 microns in
diameter, with large lcbulated nuclei occupying mere than two-
thirds of the cell volume and scant, vacuolated, moderately

basophilic and pyronincphilic cytoplasm. Mitotic figures were



frequent. The tumour cells no longer bore a close resemblance
to mature plasma cells.

Ultrastructurally, the closely apposed tumour cells
had slightly undulated plasma membranes devoid of desmosomes
and without surface microvilli. The amount of rough endoplasmic
reticulum was considerally diminished, as compared to that seen
in a mature plasma cell. Small cisternae, frequently dilated,
were scattered around the nuclei with alternate rough and smocth
surfaces. Free ribosomes were abundant in the hyaloplasm. The
Golgi apparatus was well develcped. Electron-dense bodies, many
of them multivesiculated, were usually present. Intracisternal
virus-like particles measﬁred 80-130 millimicrons in diameter.
1itochondrial cristae vere sometimes in parallel arrangement but
fregquently showed irregular alterations in disposition. |

Ten serological examinations spaced irregularly
between the 50th and 95th transfer generations demonstrated
elevated levels of IgG immunoglobulin. This elevation occurred
in spite of a scant amount of rough endoplasmic reticulum, which
normally is the protein-producing apparatus in cells, particul-
arly in plasma cells. It is possible that elevated levels of
protein production were maintained by increased total numbers
of neoplastic cells, or by increased numbers cf free ribosomes.

2t the site of inoculation the tumour infiltrated
the adjacent skeletal muscles around the humerus and ribs, but

was arrested at the periosteum. Gross splenomegaly was due to
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tumour infiltration in subcapsular and perifollicular regions.
Tumour cells were found in large numbers in hepatic sinusoids,
in capillaries of pulmonary alveclar septa and glomeruli, and
in sinuses of lymph nodes. 1In spite of engorgement of vascular
spaces by tumour cells, the parenchyma of liver, lung, kidney
and lymph nodes was free of metastatic deposits.

In the liver, tumour cells were seen within
hepatocytes. From the appearance of the lodged tumour cells,
with their intact nuclei surrounded by a rim of cytoplasm, it
was considered that the tumour cells may have gained entry by
the process of emperipolesis rather than by that of phagocytosis
by hepatocytes.

In the spleen, which is non-sinusal in rnice, many
splenic lymphoreticular cells became pyroninophilic following
tumour dissemination. These altered cells came into direct
contact witﬁ tumour cells and may have formed cytoplasnic
fusions, because virus-like particles, which are characteristic
of tumour cells, were seen in pyrcninophilic cells.

pmyloidosis has been reported tc occur in mice
bearing BAdj-PC~5 plasma ce¢ll tumour. 3V variaticns in the
method of transplantation and the size of the inoculum the
survival of many of the tumour-bearing animals was increased
up to 23 days. Although in the reported study amyloidosis
developed after 15 days of tumour growth, in our mice amyloid

was not detected either in the tumour substance or in any of
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the internal organs. 1!litrogen mustard is known to enhance
amyloid formation in casein-treated mice. In the present study.
when nitrogen mustard was administercd to tumour-bearing
animals in 3 consecutive injections at 2 days® interval,
complete regression of tumours occurrad with disappearance of
splenic pyronincphilic cells, but without amyloid deposition.
when nitrogen mustard was given at irregular intervals. to
cause partial regression of tumours and thus enable the animals
to maintain a hypergammaglobulinaemic state for a preolongad
period, amyloid was still undetectable either in the tumour
substance or in internal organs after a life-span ranging from
26 to 39 days. In these animals, in additicn to vascular
dissemination, mctastatic foci were found in the liver and
there was massive replacement of splenic parenchyma by tumour
cells. Two days following nitrogen mustard administration,

the ultrastructural changes in tumour cells were manifested in
the appearance of numerous myelin-like structures and in
marked decrease of free ribosomes. The chromatin pattern of

nuclei was altered.
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