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CHAPTER I 

INTRODUCTION 

Tumors induced by 20-methylcholanthrene apparently pro-

duce antigens (2,5,6,7). Granger and Weiser (3) have provided 

data indicating the specific destruction of homograft target 

cells in vitro by contact interaction with immune macrophages. 

Rosenau and Moon (9) reported that one day after implantation 

of a methylbholanthrene-induced tumor into an isologous host, 

the implant was surrounded by moderate numbers of inflamatory 

cells consisting of polymorphonuclear leukocytes and macro-

phages . 

Stjernsward (10) has suggested that tumors transplanted 

into homozygous hosts encounter an immune response, but he 

suggested this response was overcome by the proliferation of 

the tumor. Rigby (8) has reported that intraperitoneal or 

intravenous injection of tumor ribonucleic acid delayed skin 

allograft rejection. He suggested that the injected tumor 

ribonucleic acid suppressed an immunological response to the 

skin graft. This may account for the suppressed immunolog-

ical response observed by Stjernsward with tumors. 

Kellner and Sugar (4) have reported that necrosis caused 

separation of primary tumor cells and thus played a major 

role in metastasis of cancer cells. These conclusions seem 



to contradict the finding of Coman, McCutcheon, and 2eidman(1) 

that hyaluronidase failed to increase the invasiveness of 

neoplasms. 

The purpose of this investigation was to observe the 

sequen tial ultrastructural changes in tumor implants of a 

well established tumor line in isologous mice. 
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CHAPTER II 

METHODS AND MATERIALS 

Tumor tissue approximately 3.5 cubic centimeters in vol-

ume., induced by painting the backs of DBA/1 J mice(Jackson Memor-

ial Laboratories, Bar Harbor, Maine) with 20-methylcholanthrene 

dissolved in benzene, was implanted subcutaneously into the 

axillary region of DBA/LJ mice. The tumor tissue was removed 

from the donor ten days after implantation and was in its sixty-

ninth passage when employed- in this study. 

Specimens of the implanted tumors were fixed, embedded, 

and stained by identical methods as the implanted tumors and 

served as the control for recognition of structural changes 

occuring after implantation. Mice carrying the tumor implants 

were sacrificed and the implants removed at day one, two,four 

and six after implantation. The implants were immediately 

fixed for light and electron microscopic studies. 

The specimens observed with the electron microscope were 

fixed in cold 3 per cent gluteraldehyde in o.l M cacodylate 

buffer (pH 7.2) for forty-five minutes(3). The specimens were 

then rinsed twice in cold buffer (10 minutes) and post-fixed 

in cold 2 per cent osmium tetroxide in 0.1 M cacodylate buffer 

(pH 7.2) for two hours. The specimens were again rinsed twice 

for ten minutes in the buffer, followed by dehydration in a 

& 
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graded ethanol series (30,50,70,95. and 100 per cent ethanol) 

for fifteen minutes each. After dehydration, the specimens 

were treated in propylene oxide for five minutes and then 

embedded in Epon (2). Thin sections were obtained using 

glass "knives on a Porter-Blum MT-2 Ultramicrotome. The 

sections were collected on two-hundred mesh copper grids and 

stained with uranyl acetate and lead tartrate(3)> 

Examination of the specimens was with an RCA EMU-3G elec-

tron microscope equipped with a fifty-micron objective aper-

ature and operating at fifty lsilovolts. 

Specimens observed with the light microscope were fixed 
S 

in 10 per cent formalin, embedded and sectioned in paraffin 

and stained with hematoxylin and eosin. 
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CHAPTER III 

RESULTS 

Prior to implantation, the tumor cells were viable and 

no erythrophilic granular debris was observed (Figure l). 

One day after implantation, erythrophilic granular debris was 

seen in the periphery of the tumor implant; the interior of 

the implant showed a much smaller amount of such debris (Fig-

ure 2) . 

I • 

Figure 1--A Light Micrograph Figure 2 — A Light 
of the Tumor Implant Prior to Im- Micrograph of the Tumor 
plantation (X^). Mass One Day after Implant 

(x*0. 

7 
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In the tumor implant two days after implantation there 

was an increased amount of erythrophilic granular debris in 

the periphery of the implant., while the interior region showed 

a lesser amount as compared to the periphery(Figure 3). 

s 

Figure 3--A Light Micro-
graph of the tumor mass two days 
after implanting (X 4). 

There were more hematoxylin-staining, viable cells in the 

interior than in the periphery of the tumor implant. 

Figures 4 and 5, tumor implant four and six days after 

implantation, revealed a necrobiotic zone in the center of 

the tumor mass. The necrotic zone was about equal in size 

to the implanted tumor. 
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Figure 4--A Light Micro-
graph of the Tumor Mass Pour 
days after implanting(X 4). 

Figure 5--& Light Micro-
graph of the Tumor Mass Six 
days after implanting(X 4). 

In the periphery of the tumor mass prior to implantation 

(Figure 6), cristae were intact within the mitochondria, and 

lightly osmiophilic lipid droplets were seen in the cytoplasm 

The nuclear and cytoplasmic membranes were well defined. 

Portions of erythrocytes were visible in the tumor, pointing 

out its vascularityo The cytoplasm contained little endo-

plasmic reticulum^ but that present was predominantly the 

rough type. Chromatin was diffuse throughout the nuclei 

without significant clumping,and the nuclei appeared lobed. 

There were a great many unattached polyribosomes in the cyto-

plasm „ Numerous microvilli were observed projecting from 



the cells. 

10 

Figure 6--An Electronmicrograph of the Periphery of 
the Tumor Mass Prior to Implantation (X 12.,000) . 

In the interior of the tumor before implantation (Figure 

[7), cells with slightly lobed nuclei and condensed chromatin 

were observed. Many microvilli were seen between cells. 

The cells were in close contact and had well preserved mem-

branes. Sequestered inclusions were not observed in any of 

the cells. Rough endoplasmic reticulum and unattached poly-

ribosomes were prominent in the cytoplasm. Occasional lipid 

inclusions were observed. 
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l»bfr*ii-V.5̂ SwĈ «tV: < * M»;'. . -. - * 

% 
'mrt E 

: # fcf S®*58 M » 5 
;••• ' •• •'-': £.&l -•'?'•*: ••• • -' vfr >M 

KS-W •"' •' St. •*-*>'u',! -J* t{' "•--» ' '. i*# .:». -fct. ' " ' 

Figure 7 — A n Electronmicrograph of the Interior of the 
Tumor Mass Prior to Implantation (X17,000). 

The periphery of the tumor implant one day after implan-

tation(Figure 8) showed cellular degeneration and necrosis. 

Chromatin and cellular debris extended from the periphery of 

the implant^and was being phagocytized by polymorphonuclear 

leucocytes. The cytoplasm of the intact cells contained many 

lipid droplets and sequestered inclusions. The endoplasmic 

reticulum and polyribosomes were almost completely degener-

ated. Nuclear chromatin was highly condensed. 

Tumor cells in the center of the implant were intact 

one day after implantation(Figure 9)» T^ e tumor cells 

appeared to be separating from one another and erythrocytes 
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were infiltrating between them. The nucleoli were very prom-

inent and the mitochondrial cristae were not as well defined 

as those in the control(Figures 6 and ?) and appeared to be 

deteriorating. Sequestered inclusions, lipid droplets, ana. 
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Figure 8--An Electronmicrograph of the periphery of a 
Tumor Mass One Day after Implantation(X8,000). 

abundant rough endoplasmic reticulum with swollen cisternae, 

filled with an amorphous material, was observed in the cyto-

plasm. 

Cellular degeneration had increased in the periphery of 

of the tumor implant two days after implantation(Figure 10). 

Lymphocytes had infiltrated the degenerating tumor cells and 



had phagocytized cellular debris and sequestered structures 

The cytoplasmic membranes and organelles of the tumor cells 

were no longer visible and the nuclear membranes were not 

intact. 
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Figure 9--An Electronmicrograph of the Interior of a 
Tumor Implant One Day after Implantation (23,000). 

The interior of the tumor implant two days after implan-

tation (Figure 11) showed more separation of the individual 

tumor cells than Figures 7 and 9- Rough endoplasmic retic-

ulum and polyribosomes were diminished and smooth endoplas-

mic reticulum was more prominent. The cytoplasm contained 

many lipid droplets and debris and the visible mitochondria 



and cytoplasmic membranes had deteriorated. The cisternae 

of most of the cells appeared swollen and contained an amor-

phous material. 

14 

- % 

& •, a* m 

wiai! 

Figure 10—An Electronmicrograph of the periphery of 
a tumor mass two days after implantation (X12,000j. 

The periphery of a tumor implant four days after im-

plantation contained both necrotic and viable cells(Figure 

12). The cytoplasmic portion of the necrotic cells showed 

indications of deterioration such as leaching of the cyto-

plasm,, dissolution of the endoplasmic reticulum, ribosomes, 

and cytoplasmic membranes, and effusion of organelles from 

the cytoplasm. Some cells that were in early stages of 



necrosis had intact cytoplasmic and nuclear membranes, and 

numerous microvilli extended into tn.e intercellular spaces. 
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Figure ll--An Electron Micrograph of the interior 
Tumor Implant Two Days after Implantation (X12,000). 

of 

The mitochondria were partially intact ana there was a mod-

erate amount of smooth endoplasmic reticulum and unattached 

ribosomes in the cytoplasm. Condensed chromatin was con-

centrated around the inside of the nuclear membranes. There 

were lipid droplets and large sequestered inclusions in the 

cytoplasm next to the nuclei. Cytoplasm had escaped through 

holes in the cytoplasmic membranes of many of the necrosing 

cells. Many cells had intact cytoplasmic and nuclear membranes, 
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Figure 12—An Electronmicrograph of the Periphery of a 
Tumor Implant Four Days after Implantation (X12,000). 

abundant Golgi vesicles, and moderately well-developed rough 

endoplasmic reticulum with swollen cisternae containing an 

amorphous materia^and appeared viable. 

The interior of a proliferating tumor mass, four days 

after tumor implantation, showed complete cellular necrosis 

and degeneration (Figure 13). Many arterioles were observed 

in this region of the tumor mass and many erythrocytes were 

among the cellular debris. The walls of the arterioles were 

intact and showed no indications of deterioration. Cellular 

debris had adhered to the walls of all the arterioles observed 

in this region. 
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Figure 13—An Electron Micrograph of the interior of 
a Tumor Mass Four Days after Tumor Implantation (X8,000;. 

The periphery of rapidly proliferating tumor six days 

after tumor implantation(Figure 14) contained cells with many 

mitochondria and polyribosomes in the cytoplasm. The cyto-

plasmic portion of a few tumor cells (the top left portion 

of the micrograph) had the appearance of degenerating cells, 

with dissolution of polyribosomes and rough endoplasmic 

reticulum, and hypertrophy of the smooth endoplasmic retic-

ulum. Numerous small arteries and arterioles were observed 

(lower left portion of the micrograph). 

The interior of a proliferating tumor mass, six days ai«er 

tumor implant at ion showed complete cellular necrosis 
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Figure I**--An Electronmicrograph of the Periphery of a 
Tumor Mass Six Days after Tumor Implantation (X17,500). 
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and degeneration (Figure 15). Erythrocytes, cellular debris, 

. •• 

W-

•-M '-̂rt -ftrthr. v 
'•A 

dV.: .. »' 

it y v,i 
-* V , - . 

•:or5 

Figure 15--An Electronmicrograph of the Interior of a 
Tumor Mass Six Days after Tumor Implantation (X8,000). 

and large lipid droplets completely filled the region. 



CHAPTER IV 

DISCUSSION 

Clumping of the nuclear chromatin, dilated endoplasmic 

reticulum, dissolution of polyribosomes, incomplete cytoplas-

mic or nuclear membranes, loss of cristae, and rupture of the 

cells are characteristics of degenerating cells (3.6,7). 

Oberling (k) stated that deposits of lipid in tumor cells 

were due to a degenerative phenomenon and were found fre-

quently in necrobiotic zones. The formation of sequestered 

inclusions has been reported to be a cell response to injury, 

wherein the cell encapsulates certain portions of its cyto-

plasm and often organelles, which then undergo digestion. 

Some workers believe sequestered inclusions do not involve 

phagocytosis, pinocytosis, or any preformed inclusions (7). 

Some of the observations made in this investigation on 

the degeneration of the implanted tumor cells closely resem-

ble a study reported Scott, Christain, and Curie (6) on a 

spontaneously regressing transplantable methylcholanthrene— 

induced mammary tumor in Sprague-Dawley rats. The spontan-

eously regressing mammary tumor cells were reported to have 

less endoplasmic reticulum and fewer polyribosomes than pro-

liferating tumor cells. Loosening of the cytoplasm with 

separation of cellular components and dilation of the sacs 
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of the endoplasmic reticulum was also reported. The nuclei 

and mitochondria were reported not to be involved in the 

early process of degeneration. 

The results of this investigation indicate that degen-

eration occurs in the periphery prior to degeneration in the 

interior of the tumor implant one and two days after implan-

tation. This conclusion is supported by the electron 

micrographs, Figures 8,9.10, and 11>and Figures 2 and 

showing eosinophilic granular debris predominantly in the 

periphery of the tumor implant. 

The degeneration in the periphery, prior to degeneration 

in the interior of the tumor implant indicates that the tumor 

implant was recognized as "foreign" tissue and subjected to 

some type of cytotoxic host defense mechanism. This host 

defense mechanism may exist in the host prior to tumor implan-

tation, since it seems highly improbable that antibodies 

could be formed against the tumor within twenty-four hours 

after implantation. 

Although it was not within the scope or design, of this 

experiment to determine if all the tumor implant cells were 

destroyed, the results indicate the need for further work 

to determine if the malignant growth produced subsequent to 

tumor implantation arises from host cells or implanted tumor 

cells. It may be possible that some of the implanted tumor 

cells were antigenically similar enough to host cells that 

they were not destroyed and may have proliferated (2). Croft(l) 
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has reported that subsequent tumor tissue produced by implant-

ing 20-methylcholanthrene-induced tumors into mice was a 

result of proliferation of the tumor implant and not due to 

transformation of host cells. 

However, it may have been that during early necrosis of 

the tumor implant, some substance was released that suppressed 

an immune response to the implanted tumor cells or enhanced 

their growth or transformed certain host cells into neoplas-

tic calls. Scholes(5) implanted filter chambers (ten mu-pore 

size)j which contained tumor cells, into DBA/1J mice and 

demonstrated that host tissue surrounding the chambers was 

transformed into lymphosarcoma. This small pore size would 

not permit the passage of any known oncogenic virus. 
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