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"The microscopic study of cells and tissues is & fascinating,

aesthetically satisfying science fundamental to an urderstanding of

normal histophysiology and ths interpretation of disease processes,”

Don W, Fawcatt, 1966

Lot us grasp the opportunity to integrate our wmsthods and
our knowledge into an experimental biological science where structure
and function will at last be considered as irdissolubls and strictly
complémentary."

W, Bernhard and R. Leplus, 198k

", .., our aim is not the confiimation of an idea but tha solution

of a problen,"

Charles Cherling, 1952

"One man's artifact is another man's assumption,”

Jero Mead, 1962



INTRODUCTION

I, Statement of the Problen

Cancer ressarchers have relatively few experimental materials
with which to work. Spontaneous and inducible tumors of highly inbred
(homozygous) strains of mice represent cne of the most studied of
these materials, Of the mouss tumers, the pulmonary adenoma, occurring
in high incidence in certain strains, has several advantages as an
experimental system., The tumor occurs spontaneously, and can be
induced by a variety_of chemical carcinogens as well ar by x-irradiation.
This tuﬁor is generally considered to be uninfluenced by hormones, awl
to have no viruses asscciated with it, Moreovsr, the tumer, grewing
subplevrally as a raised, white nodule, provides an eazily assayable
objsct for the testing of possible carclnogonic agents., For these
several reasons, a large amount of data has boen gathsred concerning
this twnor system. The resulting body of information serwszs 2y an
excallent bass for further studies.

Morphologically, the mouse lung adenoma is of simple construction,
The twnor grows initially in a papillary»form consisting of shests of
cuboidai to low columnar, epithelial.dike cells with a thin, sparsely
vasenlzarized stroma, Later, the tumeor usually bscomes sclid,
adenoma colls ér% recognized, with the electron microsceps, to be
similar to the type B alveolar epithelial eell, one of two alveolar
cell types fournd in norwal lung. & characteristic cytoplasmic ine
clusion, found in bolth the type B alveolar cell and adenoma cell, per-
mits distinguishing thess cells from other cells in the lung., This

logical marker simplifiss tho microscopic s 3 : ang bumor,
morphological k plif t ke pie study of the larg tumor
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Miérosccpy is, perhaps, the most commonly used method for the
study of tumors. However, microscopic studies of tumor cells have
revealed few characteristics which substantially contribute to the
basic understandihg of the cancer procéss. This conclusion applies
equaliy well to light microscopic studies and to the more recent
electron microscopic studies, The examination of tumor cells at the
grezter resolving power of the electron microscope has failed to
wncover significant, new infeormation., It is possible, neverihsless,
that ultrastructural studies of tumor systems may yet reveal useful

data., This view is based, in part, on the observation that almost all

published elsctron microscopic studies have dealt with mature tuwmors,

o

single cases of human tumors, or have been confined to a search for
viruses in tvmor cells, Eleciron microscepic studies of well-definad,

relatively simple tumor systems may yet prove fruitful,

.

Ths purpose of the study reported in this thesis is to determine
if vltrastructural examination of mouse lung tumor cells can cone

tribute useful knowledgs for the cancer problem.

IX. A& Survey of the Literature Relating to the Mouss Iung Tumor
A, Gross and Light Mieroscopie Aspects
The first report of a spontaneous lung tumor in the mouse was
made by Livingood (1) in 1896, The tumor, considered Lo be an
adenoecarcinoma of bronchial origin, was fourd in an albine mouse
subjected to an experimental bacterial infection, ILivingood desecribed

the tumor as projecting ... from the upper surface of the middle lobe

as a small white bess about 5 mm., in diameter, slightly friable and
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apparently softer in the center,... Ths greater pért of the tumor
is made up of infiltrating fiﬁgers of epithelial cells, The cells
are of irregular columnar or polygonal type with oval vesicular
miclei,... The connective tissue stroma is very secanty, the infil-
trating fingers alone seeming to restrain one another and causing,
by mutual pressure, irregular gréwth."

During the decade following this paper, only a few investigators
reported finding lung tumors in mice., A description of these early
findings can be found in a review article by Haaland (2) written in
1905, It is not possible to determine from the photographs and
descriptions given in these early reports whether the tumors described
were all typical pulmonary adencmas,

In 1907, Tyzzer (3) reporied on twenty spontanscus tumors found

in old mice originally kept for breeding purposes, The micrographs
presented clearly portray the typical mouse pulmon;ry‘aaenoma.
Because of some variability in growth pattern of the tumor, Tyzzer
preferred to call it a "papillary cystadenoma,!

Murray (4), in 1908, reviewed the literature on spontansous
cancer in the mouse and offered matzrial from his own studies of lung
adenoma, He pointed out that tumor cells with two nuclei are frequent.
1y seen and attribulted this bto direct muciear division wiithoutl cyvto-
plasmic division, He also noted that lung tumors have been found,
almost entirely, in animals that 2lso had spontaneous mammary tumors,
but this associaltion was thought to be aceidental,

The literature on spontanesous tumors of the mouse was reviewed
again in 1910 by Jobling (5). From his own observations, he reported

nine primary lung tumors in eizht animals, of which probably only about



one hzlf were ﬁypical adenomas,

In 1914, Slye, Holmes, and Wells (6) reviewed results from
their own studies and entered into what was the first extensive
discussion of the nature of the mouse lung tumor. Included in this
report was a tabulation of the findings from six thousand autopsied
mice of the Slye steck at the University of Chicago. This stock was
bred to study the influence of heredity upon the incidence of tumors,
and all mice were allowed to live out their lives., About four
thousand of the autopsied mice had reached an age when lung tumors
occur spontsansously (about one year). These investigators found a
total of 160 mice with tumors (23 of the animals with lung tumors
‘had twnors elsewhere in the body). Thus, about 2 - 3% of the Slye
stock mice had spontansous lung tumors, These authors considered that
the twiors could originate either from bronchial or alveolar
eplthelium, Or, to put this in another way, the origin of ths tumor
could not be morphologically determined by comparing tumer cells with
either normal bronchisl or alveolar epithelium, Neverthelsss, they
notsd that in the early sitages of tumor growth, a thickening of the
alveolar epitheliun tbok place; a firding common, also, in lung
inflammations, In fact, these investigators thought that thes tumor
originated at sites in which inflammatory hyperplasia had occurrad,
and believed they had cbserved all stagss from hypsrplasia to
papillary adenocarcinomz, Tt was pointsd out that the tumors usuvally
arose beneath the pleura and exterded towards the bronchi ard larger
blood vesssls, ard occasionally invaded the bronchial tree, On the

other hard, tumors were fourd that wsre thought to have arisen from
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the bronchi. Cystic fumors were not observed, and for this reason
thése authors regarded Tyzzer's term "papillary cystadenoma' teo be
inappropriate, Slye et al (6) were among the first to note definite
metastases from the primary lung turmor., Secondary growths were fourd
in mediastinal lymph ncdes, the chest wall, diaphragm, and kidnsy,
Théy also pointed out that mitotic figures were infrequently found,
but that cells in appsarent amitetic division were freguently noted.

t is interesting to record thal 17 years after the above report
by Slye et al (6), the same group, Wells, Slye, ard Holmes (7), pub-
liéhed further findings based on a very much larger group of animals,
Thus, "Of 147,132 mice coming to aulepsy in the Slye laboratory, where
every mouse is allowed to live out its span of life, 2865 mice had
lung tumors, or about 25"

Murphy and Sturm (8), in 1925, attempted to produce epidermal
cancer by painting mice with a c¢ceal tar derived from coke cven
résidues. An incidental finding in this study was the presence of
Jung turors in asz many as 21 mice of 2 group of 23 animals treated
with the coal tar, The authors described the tumors as b2ing identical
in appearance to those reported previcusly by Livingood (1), Hzaland
(2), Tyzzer (3), and Murrey (&),

Magrnus (9), in 1939, administered dibenszanthracenc ts mice by
stomach tube in an effort to produce stomach cancer, He fourd that
95% of the mice developsd lurg tumors, as compared with Ldl of a control
group,

Bittner (10), alsé in 1939, reported that 75% of the Strong "A"
stock mice, later to be called strain L, showsed lung tumors at 18

rieriths of age,
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Shimkin (11), in the same year, administered nethylcholanthrens
§r dibenzanthracens intratracheally in strain A mice ard produced,
thereby, a 90% incidence of typical lung adenomas, as compared with
a 20% incidence at the same age in controls.

These early reports of mouse lung tumors provided a basis for
tuo different lines of investigation: 1) the testing of various
chemicals to determine if they were carcinogens for mouse lung, and
2) the examination of the genstic tasis of the lung tumor,

Andervont, in a long series of studies (12 ~ 19) deteraired the
incidence of lung tumors in several strains of mice following the
subcutaneous administration of 1,2,5,6-dibenzanthracens, It was fourd
that miecs of strains having the highest incidence of spontansous lung
tumors also had the greatsst susceptibility to carcinogens, i.e.,
induoed‘pulmonary tumors occurred at earlier ages than did spontancouns
tumors, and wherever only one or two tumors formed spontansously,
multiple tumors developed under the action of carcinogenic chemlcals.
In a2 study wherein the carcinogenic action of several polyeyelic
hydrocarbons were tested, Andervont and Shimkin (20) showed that
although 1,2,5,6-dibenzanthracene was highly carcinogenic, 1,2-teng-
anthracens was seemingly not at all carcinogenic. Also, these workers
showed that a chemical which was highly active in producing pnlmonary
adenomas was not nacessgrily‘effectjve in producing othsr typleal
mouse tumors, for instance, sarcomas,

In 1943, Nettleship, Henshaw, and Meyer (21) reported that the
anesthetic, ethyl carbamats (urethans), used to anesthetize CBH mice
urdergoing expsrimental radiztion treatment, promoted pulmonary tumors

in this strain of mouse., At the same time, these irvesticators
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tested the effect of urethane on the A strain mouse. A small group
of mice were given 14 weekly injections of a 10% aqueous solution
of urethane at the rate of 100 milligrams per 100 grams body weight,
and sacrificed 44 months later. At this time, 8 out of 8 treated mice
“had lung tumors, whereas only 1 out of 10 untreated control mice
showed tgmors. Moreover, the urethane treated mice invariably had
multiple.lung tumors. These findings were pursued Ly Henshaw and
Meyer (22) who sought to determine the minimal number of urethans
injsctions that would cause an inerease in tumor incidence, It was
found that one injection of urethans, in the amount given above, was
sufficient to produce a 100% incidence in a small group of strain A
mice 4% months after injection. Control mice showed cnly a 5%
incidence aﬁ this time, The urethans treazted mice averaged 9% tomers
per animal,

The nature of the specific effect of urethans in causing pulwmonary
adenomas in mice has been sought by many investigators. Larsen (23)
attempted to produce lung tumors in mice using anesthetic agents other
than urethane., The negative results from this attempt was considered
to indicate that the anesthetic action, as such, was unlikely to be
the basis of the carcincgenic action of ursthane, In later experi-
monts, Larsen (2&) tested several other esters of -2rbemie acid and
found 1ittle or no carcinogenic activity with isopropyl, n-propyl, and
trichloreethyl esters. Alkylated derivatives of urethane wers fourd
to have some, but less activity than ethyl carbamate (Larsen (25)).
Degradation pfoducts of urethane wers fourd to be without effect (26).
However, Bsrenblum, BenmIéhai, Haran-Ghera, lépidot, Simon, and

Trainin (27) reported that N-hydroxy urethane had the same carcirogenic
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act ity as urethane, This compound has besn exanined in a sepirate

[

study by Boyland and Nery (28) who found that administered urethane

is metabolically converted, in low yield, to Nehydroxy urethane and
#lso to the N and O-acetyl derivatives in rat, rabbiit arnd man, These
authors suggested that the process of N-hyiroxylation is an eséential
step in producing what may be the actual carecinogen: an arematic
amino or zcetamido derlvailv“ of urethane, Other suggestions con-
cerning the mode of action of urethane will be presented following a
covsLdePatlon of th9 histogenstic aspects of the twror., However, it
should be noted that a recent report by Kaye and Trainin (29) indicated
that although N-hydroxy urethane was indeed carcinogenic, vurethane
produced up to five times the mumber of lung adenomas, deperding upon

the level of carcinogen adwinisterad,

B. Histogenesis
The histogenesis éf the mouse lung adenoma haz been studied by
several workers, Grady and Stewart (30), in 1940, indueed tumors in
strain A mice by either 1,2,5,6-dibenzanthracene or methyl cholanthrense.
During the first two weeks following administration of these carcinogens,
a cellular increase inveolving the alveolar wall in the subpleural

areas wag noted, although no active prolifera’ion, as judged by mitotie

activily or binucleate cells, covld bs seen. During the sscond twe

g

a

weeks, cellular accumlation becams more numerous, During the fift
and sixth weeks, about 20% of the mice showed small tumor nodules in
their Jungs, Histolopically, the tuwmors consisted of alvesli lined

with cuboidal cells, Immediately surrounding ths esarly tumer noduvles

o
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were smail eollections of cells attached to the alveolar walls. In
some cases, mitotic figures werevobserved in these cells, During the
seventh and eighth weeks, about 35% of the mice had lung tumors,
accurring multiply in most cases., As the tumors grew in size, the
central portion became organized as loosely packed columns of cuboidal
cells resting on a thin core of capillaries and conrectivs tissue,

The peripheral portion of the tumor retained the more typleal alveolar
struocture. From these studies, Grady and Stewart (30) concluded that
the tumor arose from alveolzr cells, not bronchiolar cells, However,
because at that times the nature of the cells lining the alveoli had not
been established, these authors could not determine the exact cell of
erigin,

In 1947, Orr (31) reexamined the question of the histogenesis of

mouse pulmonary adenomas, In this case, urethane was used as the

(=

rducing agent., He described a papillary arnd solid type of tunmor
similar to that found by Grady and Stewart (30). However, Orr thought

that he noted an antecedent inflammatory process and suggested that
3

the tumor cells progressively replaced the lsucocytes and lymphocytes

in the area -~ an afea he dsscribed as Vchronic collapse inflamrztion,”
Moreover, Orr considered the tumors to be of bronchial eorigin,

In 1951, Mostofi and lLarsen (32) repeated the work of Ors, exoepl
that urethane was administered orally in the drinking water, instead
of by injection as Orr had done. These investigators could find ne
evidence indicating that the tumor arose in sites of inflammation,

In addition, in support of the wview of Grady and Stewart (30), the
adenopas weres considersd to arise from alveclar cells,

Shimkir: and Pollisar (33), in 1955, wade a carsful microscopic
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examination of the urethans-induced mouse lung tumor to determine if
an exact dose~response relation could be fourd, In the course of this
study, it was learned that following a single intraperitoneal dose of
urethane, administered as 1,0 milligram per gram body weight, a
relativelj consistent response was obtained, An inereased alveolar
cellularity was seen starting from the first day after injection.
This increased cellularity reached a peak 4 weeks later and then
gradually subsided, so that by 1% weeks normal levels were reached,
Hyperplastie foei of cells wers seen by 3 weeks and by 5 weeks about
600 such foei were found per animal. Microscopically recognizable
tumors were noted as early as 3 weeks following the single injection
of urethans, The tumors consisted of large c¢ells in adenomatons
arrangement., The mamber of tumors increased wp to about 7 weeks an

then remained steady, eventually reaching about 36 per ncuse,

C. Action of Ursthane
The ease with which urethane induces lung tumors in susceptible
strains of mice has attracted much interest regarding the mechanism

of action of urethane as a carcinogen., This interest hzs remainsd to

c*

he present time, bscause it is now known that urethane causes, in
addition to luug tuwors, leukewis, lymphomas, and otliwr tumors in mice
as well as in athér specios (34),

Skipper, Beanett, Bryan, White, Newton, and Simpson (33), by
labelling the carbonyl carbon or the ethoxy carbon of urethane with Ciu,

were able to show thal urethane was almost entirely broken down in the

body to COZ’ ethyl alcohol, and ammonia by simple hydrolysis., Within
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24 hours, at least 974 ;f the admiﬁ?stered label was lost in the
expired air, |

The experiments of Shimkin and Pelissar (33), previously noted,
also provided information on dose response, Repeated administration
of urethane did not increase the size of any ons tumor. Division of
the urethane dose over a period of several days gave the same number
of tumors as that produced when the totsl dose was administered at one

te

time, This finding has been intsrpreted by Shimkin (3%6) to indics
that the action of urethane is an acule one ard prolonged exposure to
the carcinogen is nof necessary. Moreover, it was concluded that
urethane controls the induction of ths tumors, but does not control
their growth.

In 1958, Bersnblum, Haran~Ghera, Winnick, and Winnick (37)
repeated and extended the earlisr analysis of Skippsr et al (35) ¢n
the metabolism of urethane., The later investigation showed that the
carbonyl moiety of the urethans molecule was almost completely lost to
the body within 24 hours after adwinistration, However, scmswthat more
of the ethyl moisty was retained after 24 hours, Inzorporstion of
both labels was noted in proteins after 24 hours, Homogenates of lung

. 1
and liver were examined for €7 label, It was learned that lung mito-
chondria bhad six times the retention of Clu ver milligram of protein
than lung nuclei. In a subsequent experiment, it was learned that
isolated lung mitochondria, in vitro, wers able to take wp (bingd)
urethane to a definite extent whereas liver mitochondria did not bird
urethane undef the same conditions.

Haddow and Sexton (38), in 1946, had suggesited thal urethane ma
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produce a deviation in purine synthesis, but it was not until 1957
that 2 possible biochemical mode of action for urethane was proposed
by Rogers (39). Rogers had noted that uréthane had been reported to
be a mitotic poison (40). He therefore focussed attention on the
possibility that urethane, in some manmer, may influences normal
rucleic scid synthesis, Rogers gave mice various nucleic acidmrelated
substances immedistely prior to 2 single dose of urethane, ard noted
the effeét of each substance on tumor production, He found thalt & DNA
hydrolysate, given just prior to urethane administration, markedly
reduced the number of mice bearing tumers, Of the verious DNA pre-
cursors tested, following the above procedure, cytidylic acid, thywmine,
and orotic acid showsd variable but definite tumor-reducing properties. .
The analysis of these and other related, small as well as large, mole-
cules enabled Rogers to formulate a hypothesis to aecount for the

.

carcinogenic zction of urethane, He suggested thai urethane interferss
with nucleic acid synthesis, possibly at the level of the conversion of
ureidosucecinic acid (carbamyl aspartic aeid) to orotic acid, and, in
some manner, producss a carcinogenic intermediate: an atypical
pyrimidine which may become incoryarated into DNA and thenceforth
passed from parent to daughter cell.

e

Recently, Kaye and Trainin (29) repeated some of the above work
of Rogers (39) to verify the relationship betwsen pyrimidine
administration and lung tumor induction by urethane in the strain SWR
mouse, These workers found that thymine, orotic acid, and thymidine

wers ineffective in reducing the number of lung adenomas in mice when

injected together with a single dose of urethans, However, it was
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determined that when thymine was administered in the drinking water
of control mice, there was a reduction in the number of spontaneous
adenomas,

The anesthetic properties of urethane serve as a possible clue
to the biochemical action of urethans,

Keilin ard Hartree (41), working with a ecrude heart muscle
homogena@e active in the rapid oxidation ard reduction of cytochromes,
showed that the addition of one~tenth wvolume of a 309 zolution of
urefhane caused an irreversible oxidaticn of cytochromes a, aj, ard ¢,
ard an irreversible reduction of cytochrome b, These findings were
interpreted as inrdicating that ursthane acted to prevent the cytochrome
system from reacting with oxygen. |

Haddow and Sexton (38) pointad out that the concontration of
urethans used by Keilin and Hartree (41) was very large and couwld
hardly be related to the dosage causing narcosis: about 1 - 10 milli.
grams per gram body weight., It was for this reason that Haddow ard
Sexton, as previcusly noted, suggested that it was wore likely'thét
urethans interfered with purine synthesis,

Some investigators, nevertheless, continved to believe that the
principal action of urethane was on respifaticn. The most notable of
thess was Warburg, who in 1556 (42), referring to experiments pertormed
in 1921 (43), stated that "Ursthane is a nonspecific respiratory
polson. It inhibits respiration as a chemically indifferent narcotice,
since it displaces metabolites from esll structure,"

Corrman (40), in a reviéW‘article concaerning the effects of

urethane, cited reports showing that urethans in some cesss dscreases,
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but in most cases increases the uptake of oxygen by various organisms,

Lee (I4) recently undertook experiments designed to test the
‘concept that urethane may unccuple oxidative phosphorylation. Using
a rat liver mitochondrial preparation, he was unable to show an
uncoupling sffect by urethane,

The effect of urethane on‘mitosis may also provide clues as to
the action of urethane,

Boylard and Rhoden (45) attempted to relate the metaliolic and
mitotic effects of urethane, They found that when urethane was given

7y

to tumor-bearing rats in doses sufficient to inhibit mitoses in

detected either in wmecuse lung or jejunum, or in rat Walksr carcinoma,
jejunal mucosa, kidney medulla, or brain homogenates,

Ahlstrem (46) expressed the view that urethane is one of several
interphasic mitotic poisons acting on the "resting' mucleus, The
action of such peisons is to cause chromosomal fragmentaiion, chromo-
somal bridging, translocation, and other defects in the first ard
possibly succeeding mitotic divisions after administration of the
poisen, Ahlstrom suggested that urethane, in particular, may act
a; both a ecytoplasmic ard nuclear poison.

It would zppear, then, that the action of urethans is, as yet,
not definitely known. In relation to cancer, as previously noted,
there has accumulated 2 large amount, of evidence that ursthane is a
multipotential carcinogen (34, 47). Hepatomas, melanomas; carcinomas,

and leukemias have been caused by urethans, Tannenbaum and Mattoni (47)



13
noted that urethans influences tumor production vy lowzring the age
of tumor appearance and by increasing the number of tumors per animal,
but only in those cases where the tumor would occur Yspontansously"
in small numbers at a later age, Based on this observation, these
authors suggested that urethane action is one of ",., augnentation,

enhancement, or potentiation rather than induction de novo,"

D. Genetic Aspects

The genetic factors involved in the mouse lung adenoma have been
carefully studied in a long series of investigations by Hesten (48.51),
and Heston and Deringer (52,‘53). The known variable inecidence of
adenomas, from almost zero to 100%, in the several available inbrad
strains of mice was used as a basis for these studies, Heston fourd
that at least seven genes were assoclated with pulmorary aderomas of
the mouse, of which only one, "lethal yellow", was related to an
inerease in tumor incidence; the other six wers related to decrsases
in incidence, Moreover, the "lethal ysllow" gene was found to be
associated with pulmonary tumors either when they arose "spontaneously™
or were induced wiﬁh nitrogen mustard, methyl cholanthrens, or urethone
but not when tumors were induced with dibenzanthracens (54).

From experiments in which Jung transplaunts from high incidence
strain A and low incidence strain C57L were made to the F1 hybrids, it
was determined that the genes controlling the oceourrence of pulwonary
tumors were expressed spseifically in the end organ -~ the lung {54).
Previocus stvdies (50) had indioa{ed that the high incidence strain A

and the low incidence strain C57L mice differad by at lsast four pairs
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of egenes effecting the occurrence of lung adenoma,
g 2

E. Electron Microscopic Studies

Five electron microscopic studies of urethans induced mouse
lung adenoma have been reported,

Klirner and Gieseking (55) examined 36 adenomas from strain A
mice injected intraperitoneally with 1 milligram per gram body weight
of uwrethans in 0.9% Naci solution twice daily for 3 days. These
investigators were able to substantiate the light microscopic con-
clusions of Grady and Stewart (30), and Mostofi and Larsen (32) that
the adenoma arose from a2lveolar cells, This was based on the obserw
vation that typical osmiophiliec, lamellar bodies, found in certailn
2lveolar lining cells, were also present in the tumor cells. Klarner
and Gleseking considered that the twmor cells divided amitotically, as
normal mitotlc divisions were not observed. In addition, cytoplasnmic
inclusions, suggesting the presence of virus, were described, This
latter observation wes emphagized in the report, for, prier to this
investigation, there had been no evidence fer virus invelvement in the
mouse lung tumor. Virus-like particles, about 200 £ in diamster,
were fournd in loca;ized regions of turor cell cyloplasm,

In 1962, Okada, Daido, and Ishiko (56) rsported on their
electron microscopic studies of the mouse lung tumor. Tumers were
induesd in strain dd, an inbred albino strain, by four cousecutive,
weekly, intrapsritoneal injectlons of urethans, at the rate of 1 milli-
gram per gram body weight. These workers also considersd the‘tumor to

arise from alveolar cells, However, they alsgo mentioned the presence of
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npnnalveolar, ciliated, and non-ciliated cells in the tumor.
WHyperplastic foci", similar to those described by Shimkin and Peolissar
(33) were also noted, It was concluded that the tumors originated from
alveolar cells ard that the presence of ciliated cells indicatad the
metaplastic potentialities of the alveolar cells. No remarkable
cytoplaémic or ruclear findings were reported, rather, the authors
commented on the extreme benignity of the tumor cells.

Svoboda (57), in 1962, published an elsctron micrcséopic stud
of lung tumors induced in Swiss mice by urethane administered in the
drinking water, Mice received 0.1% urethane in drinking water for
13 weeks and were sacrificed from 5 to 50 weeks after administration
of urethans was begun, This study was technically superior to the
others describsd above, Good pictures of the cytoplasmic regions
thoughf by Klirner and Gieseking (55) to be related to virus productien,
revealed little or no such resemblance, and Svoboda concluded that
virus was not present in the tumor cells. The emphasis of Svohodals
report wes placed on the ultrastructure of the mature tumor zells,
particularly on biiarre ard atypical cytoplasmic, lamellar, and other
inclusions. No conclusions were drawn by Svoboda from these variecus

observations.,

Drieessens, Dupont, and Demaille (58), in 1963, reported vu the
same tumor irduced, in this case, in Swiss mice by ursthans added to
the drinking water and>consumed at the rate of about 5 milligrams por
day per mouse, The findings of this group differed in certain ways

from the previous reports in the literature. Sequential sacrificing
P P : 1

of groups of mice revealed that during the first 10 wesks of urethane
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treatment a common inflammatory reaction of an interstitial pneumenic
type occurred and that during the second 10 weeks a benign tumor
developed, The tumor is described as sclid or papillary in form and
to consist of dark and clear cells, A description of the cells
emphasized the presence of lamsllar, myelin-like intracytoplasmic bodies,
No mention was made of the presence of virus-like particles, Otlker
findings-were not remarkable.

In 1964, Kitamura (59) indueced pulmonary adenomas in strains A
and dd mice by intraperitoneal injection of urethans (amounts not
reported). This author described, but did not illustrate, hyperplastic
foci of alveolar epithelium in the early stages of tumor growth,

In addition to the above reports of tumers induced with urethene,
electron microscops studies of lung adenomas induced by other carcinogens
have also been reported.

Svoboda (57) induced mouse lung tumors by brushing a 0.6% solution

of methylcholanthrene in benzens over the backs of unshaved mice,
3 times a week for 5 weeks, Mice were sacrificed from 21 - 50 wesks
after the first painting, No differences could be found bsiween the
lung adensmas induced with methylcholanthrene and those produced by
urethans,

Kitamura (59) induced mouse lung tumors by intraperitonsal
injection of 20-methylcholanthrene, and also with isonicotinic scid
hydrazid in newborn strain A and dd mice. The author noted that
diffuse proliferating areas of alveolar epithelium developed before
the formation of zdenomas; however, these areas were not illustrated,

Tumor cells illustrated were not identified as to carcinogsn employed,
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ard revealed no new ultrastructural findings.

ﬁattori, Matsudo, and Wada (60), in 1965, reported an electron
microscopic study of mouse lung adenomas induced in dd0 strain mics
by: 1) intraperitonsal injection of 0.2 milliliters of a 1% solution
of isonicotinic acid hydrazid -- a total of 60 milligrams given in 10
weeks, and 2) intraperitonsal injection of 0.2 milliliters of 5%
urethane. in saline -- a total dose of 100 milligrams in 10 weeks,

ections of 0.5

&

followed by four consscutive, weekly, subeutznscus in
milligrams of 4-nitroquinoline l-oxide in saline. These authors
described the resultznt tumor in much the same way as had the previous
investigators, However, they pointed out that adenoma cells cortained
what was iﬁterpreted to te cholesterol crystals, These "crystals”
corresporded in zppearance to certain membrane bounded, nsedle or
crescent shaped, empty clefts deseribed and illustrated by Svobeda (57)

weor cells, Kitamura (59) had also roted these empty structe
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ures, and had also termed them cholesterol crystals.
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MATERTALS AND METHODS

' Strain A(Heston) mice, obtained as A He/J strain mice from the
Jaékson Laboratory, Bar Harbor, Maine, were used throughout this study.
Mice ware housed in wire cages, with the exception that breeding mice
and their offspring were housed in plastic capges with cedar shavings
for bedding. All mice received Purina laboratory chow and tap water,
exc&pt as noted,

Adult and young animals were killed by cerviecal dislocation,
Very young amimals were decapitated, Lung tissue was immediately
removed frowm the mice for light ard elsctron microscopic study.
Tissus taken for light microscopy was fixed in 10% formalin, procsssed
in a routine manner for paraffin embedding, ard sitained with haeno-
toxylin and eosin, Tissues taken for electron microscopy were fixed
in one of several fixatives: 1) 1% osmium tetroxide (ﬁﬂca), bufferad
with veronal-acetate, pH 7.4, with sucrosze added (61), or 2) 1% 080y
buffered with phosphate, pH 7.4 (62), or 3) 1.33% 0s0;,, buffersd 1 with
s~collidine, oH 7.4 (63), or 4) 1.5% glutaraldehyde, buffersd with
0.067 M cacodylate, vH 7.4, containing 14 sucrcss, and 25 mg® CaCl2
(6 ~ 66), or 5) either 2 1:1 or 2:2 mixturs of 4) akhove with 1% Os T
buffered with 0,067 ¥ cacodylate, vH 7.4, a variation om the method of
Trunp and Bulger (87). Fization with any of the ateve solutions was

s AE

carried ocut for 1 to 3 hours, elther a2t welting ice or refrigerstor

tewperature, except thalt tlssues fixed by method §) were always fixzed

for 1 hour at melting ice temperzture. Tissues fixsd by method B} were

washed in 0.2 M suerose in 0.1 M eacodylate buffer for 24 hours or

g,p

more, and postfixed in 1 or 2% osmium tetroxide either in cacodylatle
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ov voronal-~acetate buffeors, for 2 hours. Some tissues fixed by methed
5) were slso rinsed in cacodylate-sucrose for 2 houré, and then post-
fixéd in 1% 0504 for 2 more hours, Finally,ia few tissuss were fixed
in a solution similar to that described in msthed 2), except that the
pH of the solution was adjusted to 6.8, Half of thess tissues were
later postfixed in a mixture of 1% paraformaldehyde end 1% glutar-
aldehyde-in phosphate buffer for 1 hour, a variaticn on a wethed
suggested by Ross and Klebanoff (68).

Following fixation, the lung tissues were dehydrated in increes-
ing concentrations of ethanol, starting at 50%, passed subsequently
from 100% ethanol into.prOpyléna oxide, and embedded either in ¥FON 812
(Shell), or in Araldite (Durcupan-FLUKA) epoxy resins according to the
methods of ILuft (69).

Séctions of plastic embedded tissue wers produced with an IKB
Ultratome or a Servall Porter-Blum IT microtome using elither glass or
diamond knives, Thick sections, about 1 wicrern in thickness, were
cut for Light microscopic examination, amd stained with an Azur Ji -
methylene blus stain (70). Thinner sections, about 600 - 1090 & in
thickness, wers mounted on coated or uncoated slsctron microscops
specimen screéns, ard the sections treated for contrast enhanceasnt
rith 2 saturated solution of uranyl acstate, and with Reynold's (71)
basic lesd citrats solution, Host szcetions, "stained® with the aboves
solutions, wers first treated with Reynold's solution, then with uranyl
acetate, and firally once again with Reyneld's sclution, Sections were
treated for varions times with these contrasting agents. The resuliant
Nstained" sections wers exzumined elther with an RCA EMU 3G olecziron

microscope operated at 50 KV, with a 40 mieron objective aperturs, or
pe op '
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with a Philips EM 200 eleciron miercscope operated at €0 KV, with a
AOuble eordenser, anti-contamination cold-finger, ard a 50 micron
objsctive aperture,

Lung tissus was taken from the following groups of mice:

) untreated mice of various ages, 2) young mics treated with urethane
by injection, 3) younz mice treated with urethane by administration

in their drirking water, 4) neonatal and young mice born of mothers
recelving urethane for various times either during or following
pregnancy or during both periods, and 5) mothers of the previous group,
In addition to tumor tissue, normal lung tissue waé taken from all
experimental groups of mice,

Group I, Older male mice used for breeding, clder Temale
breeders, and female mice that failed to conceive provided ths source
of lung tissue for "spontaneous" tumors. Mice in this group were
sacrificed from 3 to 21 months of age and examined for lung tumors.

Group II, Four to eighi week old mice, of both sexes, were
givea an intraperitonsal injection of a 10% solution of urethans in
water at the rate of 1 milligram per gram body weight., All mice
received only one injection. Pairs of mice, one male and ons femnlse,
were sacrificed dally for the first wesk followirg injection, arnd
thereafter weekly for a period of seven weeks, This experiment was
repsated with a small group of 3 month old mice. Lung tissue was
taken only during the first week following administration of urethans
in this latter group.

Group 111, Eleven wsek old mice, of both sexes, received a
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orie female, were sacrificed daily for the first seven days, and
ihareafter weekly for ten weeks., Untreated control mice were
‘sacrificed, in pairs, at less frequent intervals,

Group IV, Pregnant females were given a solution of 0,1%
urethane as their drinking water during various, defined periods
during pregnancy, or following delivery, or during both times,
Offspring from mothers treated in this manner were sacrificed, ir
pairs, at various ages up to eight weeks, PBoth normal and tumer
tissue was taken from these young mice,

Group V. Mothers of Group IV animals were szcrificed from 6 to 9
months afier receiving urethane in their drinking water. Duration of

exposure to urethane in the drinking water varied from 3 to 23 days,
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RESULTS

I. Gross and Light Micrescopic Observations
A, Untreated Mica (Group I)

More than 90% of the group had visible tumors by 12 months of
age. Of this tumor group, about 10% had two to six tumors, about 209
had multiple tumors (more than six), and the remainder had single
tumors, Single tumors varied in size from just barely visible to

“about 3 x 3 x 2 mm,
B. Young Mice Injected with Urethane (Group II)

In this series of mice, small, but grossly visibles, tumors were
fourd in five mice in the sixth and seventh weeks following adminisw
tration of urethane, Microscopically, with the exception of the tumors
noted above, no effect of the urethane on the lungs could be dstected,

C. Young Mice Administersd Urethane in Their Drinking
Water (Group III)

In this seriss of mice, grossly visible tumors were found in
four mice from the sixth to the tenth weeks. Microsconic tuwers were
detected from the fifth to the tenth weeks, Other than for the
presence of these tumors, the expesrimental lungs did not appear 1o
differ from the contrel langs,

'Y

D, Neonatal and Toung Mice Born of Mothers Receiving

ot

T

Urethane in Their Drinking Water {(Group vy

¢

Kecnatal mice showed definiie microscepic changes in their lungs,
£ g

Weak old, and older mice, receiving urethane in utsro or from their

.

mother!s milk, or both, showed a mononueclear cell infiltration of the

interalveolar septz. The nature of the infiltrating cell could not be
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déterminéd. The effect of the cell infiltration wac to greatly
increase the thickness of the interalveolar septa, In some cases,
only part of the lungs were involved, in other cases, virtually all
lobss were effected. Although this involvement appeared as an inter-
stitial pneumonia, polymorphonuclear neutrophils were absent, and a
positive identification of the infiltrating cells as lymphocytes
conld not be made,

of Zé rice allowed to live longer than 4 weeks, grossly visible
tumors occurred in 6 mice, 43 to 56 days old. Possible microscopic
tumors were noted in 16 and 28 day old mice. Identification could
not be éertain in the lattér cases, because there existed the likeli-
hood that the "{umors" could also be very large foci of atypical

infiltrating cells of the type noted above,

E., Mature Mice Receiving Urethavie in Their Drinking
Water (Group V)
All mice, mothers of thoss in Group IV, shewed multiple tumors

6 to 9 months after receiving urethane in their drinking water,

F. OSummary of General Observations Relating to All Groups
The gross appearance of a mouse lung having multiple tumors is
shown in Figure 1. Single twmors appeay as raised, pale colored,
generally spherical bodies, ranging in size from barely visible to
over 3 millimeters in diameter, ZLarge, irregvlarly shaped tumors are
frequantly found and are thought to ariss from the growing together
of two or more édjacent tumors,

Tumors are found in any location in 211 lobes of the lung (Fig. 2).

Only the very smallest tumors clsarly show the basic papillary Torm



of growth, A tumor as small as-tﬁat shown in Figure 3 already appears
solid, and the pattern of growth is difficult to determine, At higher
magnifications (Fig. 4), it can be seen that the tumor grows as

double sheets or columns of cuboidal to low columnar cells, Only an
occasional rounded end of such cell columns gives a hint of the
original papillary pattern of growth. Shsets of tumor cells

growing into normal alveolar spaces could be seen at the edge of the
tunors. Oldsr tumors wére identifiable by the plsomorphic feaiures

of the tunor cslls, and especially by vacuolization of the mucled.
Mitoses were very infrequent in all tumors, The stroma underlying

the columns of adenoma cells was thin and inconspicuous. No capsule
surrounded the tumors, but some alveoli adjacent to the growing edge
of the tumors were compressed or distorted. There was no obvious

reaction by the normal lung tissue to the tumors.

II., Electron Microscopic Observations
A. Normal and Tumor Tissue - Effect of Fixation

While the effect of fixation on wmany components of the cell is
not known, csrtain classes of substances are poorly preserved by most
commonly used fixatives., Since variation in the structure of certain
cell components in the material in this ctudy was found, Figures 5 - 18
illustrate examples of both normal and twmor tissue preserved with
several differant fixative solutions. These preliminary figures are
intended to show structural variztion incident to fixation and to

4introduce the reader to the comparative ultrastructure of normal

mouse lung and the alveolar cell adenoma.
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The alveoll of the lung consist of epithelial-lined air spaces
(sse Text-Fig. 1 on page 28). Thé walls or septa of thase spaces
are populated by cormective tissus cells and contain extracsellular
connective elements (collagen and elastic fibers) as well as
endothelial-lined blood capillaries. The lumen of the capillary is
separated from alveolar éir by a2 thin layer of endothelium, a narvow
Basement-membrane, ard an atteruated layer of epitheliuvm. In the
meuse, this triple layer may be ons micron or less thick, The

'epithelium consists, for the most part, of plate~like cells - the
type A alveolar cells, A secornd epithelial cell, the typs B cell,
is cuboidal to low columnar in shape and is found scattered singly
betwsen the type A cells, often at points of alveolar angulation
or deep in nichss within the &lveolar wall, In some cases, the type
B cell appears to extend completely across the slveolar wall to
border on two different alveolar air spaces, Examples ars found
where the type B cell appears to have heen ecaught while moving by
extension and psnetration through an alveolar septum from one air
space to an adjacent one,

Both the type A and B cells rest on a continous basement menmbrane
which separates the epithelium from the mesenchymal tissue, The junction
between type A cells is one of simple overlapping, with a "tight Junciion
seal" at the lumsn. The junction betwesn type A and type B cslls is
usvally in the form of'a teuff!" consisting of type A cytoplasm exbend-
ing up 2long the sidesz of the type B cell for a distance of aboult one
micron, A Ytight junction seal" occurs between these two cell types

at the erd of thevjunction,
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Alveolar macrophages are relatively numerous in normal mouss
luﬁg. These cells have naver been cbserved to be in contact with
the basement membrane, but rather are ssparated from it by an
intervening layer of either type A or type B alveclar cell cytoplasm,
A No septal macrophages have bsen observed in normal mouss lung, and
alveolar macrophages are not apparently derived from eithsr the two
alveolar cell types, or from blood cells., Therefore, the orizin of
the alveolar macrophage is, at present, uncertain, For further
information on normal lung ultrastructure, articles by Brooks (72, 75),
ard Sorokin (74) should bs consulted.

Because the cytosome, a cytoplasuic organelle found in the
tissues under study, serves &s a marker, consideration of this
structure, as it is effected by fixation, Will‘be wnade first,

It is evident that theicyt030mes present in both the typs B
alveolar cells (Figs, 5-10), ard the pulmonary adenoma cells (Figs,
11-13) appear remarkably similar in sections from tissues preserved
with the same fixative, The cytosome is an irreguler, oval, or
rourded, membrane-enclosed body having a maximum diameter of about
1.5 microns., It may be compesed of myelin-like, osmiophilic,
approximately parallel lamelll arrangsd concentrically in one plano
(Fig. 5). When a collidine buffered osmium fixative is used (Fig. 8),
the osmlophilic lams2lli are virtuslly absent from the cytosons,
indicating an extraction of certain substances by this fixzative,
Neverthelsss, it can b2 observed that some dense material remains

at the periphery of the cytosoms and has not been extracted (Fig. 7).
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A rather pronounced vacuolization and disruption of the cytosomss
can occur with the same fixative in cells that demonstrate good
fixation of other ¢sll organelles (Fig. 8).

The‘aldehyde-based fixatives employsd in this study generally
fail to pressrve cytosomal structure in normel, type B cells (Figs.-9,
10). This is usually less true for tumor cell cytosomes (Figs, 11 -
13), suggesting an apparent difference in composition of the type B
and tumor cell cytosomes, An example is seen in Figure 11 where a
dense, membrane-enclosed body, interpreted as a cytosoms, appears
markedly different from the adjacsent lamelli.containing cytosomes.

The interpretation above is further supported by firdings in other
aldehyde fixed tumor cells (Figs. 14, 16, 17). With the use of
aldehyde-based fixatives, the QytOSOmes of tumor cells are frequently
non-lamellar, In fact, they commonly have a s0lid composition and
appsar to be made up of two or more components, In addition, a dense
crystalloid (Fig. 16) may appear in some cytosomes,

In addition to the ubiquitous cytcsomes, both the type B alveolar
and tumor cells are characterized by numerous mitochondyria, multi-
vesicular bodies, a widespread Golgl apparatus {or multiple Golgi
regions), and a moderate amount of gramular endoplasuic reticulum,
Agramilar reticulum does not occur in these cell iypes, with the
exception possibly of soms membranous material near the Golgl rsgions
which could be considered to be agranular roticulum. Numerous smail
vesicles, some coated (fuzzy vesicles, alveolate vesicles, ote.), occur
throughout the e¢ytoplasm, but are mainly found necar the Golgi membranss
and plasma membréne (outer cell membrane), The plasma membrane of the

apical portion of both cell types almost always takes the form of
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irregularly shaped, short microvilli., An unusual form of what is
‘cqnsidered to be granmular enddplasmic reticulum - but may be agranular
reticulum -~ is found in many of thess cells (Figs. 5, 19). In one
plane of section, it may take the form of a long U, the body of the
U being the dilated cisternae of the reticulum; while in cross section,
this structure appears ring- or cup-shaped. Various clefts, or open
spaces, can bs noted in the type B cells (Fig., 19). Such clefis may be
related to the structure noted above, and‘both clefting and dilatation
of the cisfernae may be artifacts produced by the fixatives used.

Alveolar macrophages, whether in normal lung (Fig, 7) or in

tuwor (Fig, 14) show identical features, The macrophages ars very
active cells which may have almost the same typzs and number of cytow
plasmic organelles as do the type B alveolar cells or tumor cslls.
Because of this, in some sections, macrophages may be confused with
typo B or twmor cells., The main points of difference betwsen these
cells are the presence of pleoworphiec cytoplasmic inclusions
consistent with mycoplasma within the macrophage cyteplasm, and the
usually greater rumbers of cytosomes in tha opithelial cellﬁ.' Hors
ever, cytosomss,>having the same appearance as in type B alveslar
or tumor cells, are also observed in maerophages. A further
distinguishing featurs ic the blunt cytoplasmic projections, end
pseudopods of the macrephage., As already noted, both the type B
alveclar and tumér cells are characterized by short, narrow surfeace

micerovilli,

B, Effect of Injected Urethane

Mice receiving urethane by intrapsritoneal injection did not
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show recognizable ceilular alterations. The alveolar cells were
not detectably different from those seen in Group III mice, Moreover,
tunmors forming in micé 6 to 7 weeks after urethans administration
were similar in ultrastructure to both spontansous ard indueed tumors
found in the other groups of mice, Accordingly, lung cells from

Group II mice have not been illustrated in this repért.

C. Effect, on Young Mice, of Urethans Administered in
Drinking Water

Type B cells from mice receiving urethans for 2, 4, and 6 days‘
(Figs. 19, 22, 23), and a type A cell from a mouse receiving urethane
for 4 days (Fig. 21) are illustrated. No ultrastructural effect of
the urethans treatment can be detected. Tumor cells (Fig, 24), from
a tumor occurring in a mouse of this serles treated with urethene for
8 weeks, show the same characteristics as cells of imnduced and
“gpontansous" tumors to be described in later sections, The tumor
.cells in Figure 24 are located at the edge of normel lung., It is
noted that the junction formed by type A cell and tumer cell is the
same as that between type A and normal type B cells, namely, a long,

cuff=type juncticn,

D. Effect, on Mature Mice, of Urethane Administered in
Drinking Water
Tumor cells from these Group V mice are illustrated in Figs, 25
and 26, Iarge tumors in older animals are made up, for the most part,
of active cells gimilar to those illustrated, However, some degensrat.
ing cells can always be fournd in these tumors. Such eells, although

retaining many cytosomes, mitochondria, and other organslles, are
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.racognized by vacuelization of the nuclei, and reduction in the
nuber of ribosomes and cell organelles, Inclusions within the
nucled. are common findings in tumor cells (Fig. 25), Such inclusions
may give rise to the vacuolization found in degenerating cell nuclei,

Some cytosomes are clearly made up of several components, Two
cytosomes indicated in a tumor cell in Figure 26 have at least three
components: a dense lamellar or erystalleid portion, a mewbrans-
enclosed vesicular portion, and a finely granular matrix,

The Colgi and endoplasmic reticulum cisternae tend to be dilated
in soms tumor cells {(Fig. 26)., Numsrous small vesicles are consistently
observed near the Golgi regions,

In addition to typical organslles, structures thai can nol be
readily jdentified are occasionally encountered, One such structuore
occurs in a tumor csll illustrated in Figure 25. Thie is a large,
membrans-delimited mass presenting a "moth-eaten' appearance.

Tumor cells are joined by short, interdigitating cytoplasmie
processes alternating with parallel stretches of closely apposed
membranés, and are joinsd at their apical rargins by.a tight junction,
This mode of attachment can not be compared to the normal case, as no
instance of two adjacent type B alveolar calls has been observed in
normal mouse lung. It is reascnable to believe that type B cells
divide from time to time; however, such dlvisions have not beesn

observed in normal lung examined with the electron mieroscope,
E. Effect, on Young Mice, of Urethans Administered in
laternal Drinking Water

Bseause the effect of carcinogens is thought to be more acute
£ £
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for young animals, the major emphasis in this study has been placed
on neonatal mice which indirectly received urethane in g&gﬁé and on
suckling mice receiving ureﬁhane from their mother's milk,

As noted by light microscopy,'treatment of the mothers with
urethane terded to produce a thickened alveolar septum in the lungs
of their offspring. The nature of the calls causing this thickening
could not definitely be determined by light microscopy. Howsver, on
electron‘microscopic examination, the cells involved are recognized to
be normal connective tissue cells -- fibroblasts (Fig, 27). An
examination of a number of normal and urethane treated neonatal
mouse lungs suggests that urethane terds te slow down the normsl
thinning of the alveclar wall., Atbirth, the alveolar septa are
considerably thicker than they are in adult lung, UNormally, almost
all of the reduction in wall thickness takes place in the first few
days of life; while, in urethane treated mice, this reduction extends
over several weeks, but eventually reachs that seen in rormel lung.

The cells shown in Figure 27, from a seven day old mouss treated
with urethane for sik days in utero, do not have characteristics thaf
would distinguish them from similar cells in untreated mice,

The type B cells of urethane treated young mice hive the usual
cytozomes, multivesicular bodies, 2nd other cell organellss typisal
of this cell type (Figs. 28-30). There is no evidence of either
diminution or inecrease in cellular activity, as would be reflected by
eytoplasmic altsration,

Similarly, the alveolay macrophages from these Group IV mice
do not show evidence of bsing effected by urethans (Fig, 31). The

macrophages are particularly active during the neonatsl period when
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there is usually an increased discharge or sloughing off of materials
into the air spaces. Cytoplasmic bodies thought to be mycoplasma
appear in the macrophages within the first week of life.

Gross tumors cccur in the young urethans-trsated mice in the
sixth week of life, and microscopic tumors are present earlier.
Tamor cells from six and eight week old mice are'shGWn in Figures
32 through 42,

As previously rnoted, the tumor cells grow in sheets (Figs. 32,
33) around a thin stromal core containing connective tissue cells and
capillaries., The cells are Jjoined together in the mammer previously
describead,

At low magnification, where many cells can be observed (Figs. 33,
34), it is evident that tumor cell cytosomss are pleomorphic. This
structural complexity is even more clearly seen at moderste magnifi-
cations (Fig. 35,35). The exact form taken by the tumor cell cylo-
somes 1s not entirely dependent on the fixative used, because the
same fixative may produce different results, It is probable that
other factors, such as depth of cell in ths tissue block, lecation of
the cell with respeet to alr spaces, and alteration of fixative by
certain cell products, might cause the structural variation ncted in
different cells,

The angular, crystalleid nature of the dense portion of the
cytosome ié iliustrated in Figurss 37-39, and 41, The differencoes
in crystalloidvstfucture are woll seen in Figure 38 where snall,
large, and multiple crysialleids are found within the several cylo-

somes of one c¢ell, The relatively large number of multivesicular
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bodies, Golgl regions, and gramlar endoplasmic retienlum prefiles
in_tﬁmor cells indicate the very close structural similarity between
these cells and the type B alveolar cells, However, the presonce of
fine cytoplasmic fibrils (Fig. 39) in some osmium-fixed twmor cells
represents one possible difference betwsen these two cell types,
Fibrils of this size appear to be confined to the apiecal border
(terminal web) in the normal type B cells,

A side-by-side comparison of twmor eells and macrophages (Fig., 41)
reveals that, in addition to the several differences already desecribed,
the cytoplasm of the tumor cells is more dense than that of the
macrophages; probably as a result of a lesssr concentration of cytow
plasmic constituents per unit volume of macrophage cytoplasm, A source
of possgible confusion in the identification of these cells relates to
the similarity betweon certain forms of mycoplasma in macrophages, ard
peculiar sections of cytosomes in typs B and tumor cslls (Fig. 42),
When the cytosome is sectionad through its dense portion, the resulting
mombrane-bounded, often eurved, dark body could be mistaken for an
elementary or dense-body form of mycoplasma.

F. "Spontaneous" tumors of Older Mice

The ultrastructural characteristics of cells frow 'spuntanseuslyh
occurring tumors of 12, 16, and 21 month old mice are illustrated in
Figures 4346, and 48, At the electron microscopic level, it may be
seen that the tumor cells from this group of mice are similar to those

in the wrethane induced tumors previously illustrated,

G. Relation of the Multivesicular Body to the Cytosone

BEvidence relating the multivesicular body to the eytosome of
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nérﬁal type B alveolar cells has been reported by Sorokin (74}. The
firdings of the present study are corroborative in this respect. The
same relation would bs expected in tumor cells. Micrographs pertaining
'to these two cytoplasmic organelles are presented as Figures Ly
through 54.

The origin of the vesicles fowrd in the mmltivesicular bedles is
suggested both by invaginztion of the plasma membrane (Fig, 47), and by
vesicular "budding off" from the Golgi mombranss (Figs., 46 and 51).
However, ths mechanism for assembling the vesicles into a membrane
enclosed body is not apparent. One possibility, suggested by the
irregulsr outline of & multivesicalar body shovm in Fig, 51 (hollow
arrow), is that vesicles may accwnulate in a loese grouping, with ths
outermost onss rupturing and thelr membranés joining to become an
envelope for the immermost vesicles (ese also Fig. &4).

Ths'appearance of a mltivesicular-like component in the cylosone
is shown in Figures 47 through 49, 51, and 54, Based cn this
typs of obssrvation, Sorokin (74) has suggested the derivetion of the
cytosome from the rmltivesicular body. Possibly an interpediate
stage is revealed by the different densities noted in maltivesicnlar
bodies (for example, ses Fig. 50), However, if this is true, it is
rot. clear Lo the pleowmorphic cytssomes (Fig. 5%, solid arvows) fit
into the postulated sequencarof changes. The nature of this sequance
is further confused by the differsuze in cytesome structure following
aldehydewosmiun combination fixalion (Fig. 52). Here, the internal
vesicles contain a very dense substance, while the surrounding ratrix
material is less denss,

At higher magnification (Fig. 54), osmium fixed cytoscmes contain
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vesicles loosely filled with fine granular or filamentous material,
a zone of parallel, osmiephilic lamelli inr leoose array, and a dense

matrix substance in which may be found an even denser crystalloid mass,

H, Crysialline Structure of a Component of the
Tumor Ceil Cytosome

A crystalloid component of the tumor cell cytosome can be
visualized following either osmium or glutaraldehyde fixation (Figs.
55f60); ﬁowever, the fine structure of thz ecrystalloid is best
revealed when the latter fixative is used (Figs. 56-60). At high
magnification, the crystalloid is seen to be made up of dark and
light bards, each approximately 33 % wide. This erystalloid is
either not preserved, or is not present in normal type B alveolar
cells, and therefore provides a basis for differentiating normal
type B cells from tumor cells, However, it has bsen noted that tumor
cells that face what appear to be functional air spaces usvally do

not have cytosomes containing crystallceids,

I. Special Cytoplasmic Structures of Tumor Cells

Because thekpurpose of this study is to find differences between
the normal type B alveolar cells and the relatively well differentiated
adenoma ecells, any structural feature fourd in one and not the other
shouid be recorded,

The presence of what are ihterpreted to be masses of glycogen
particles can be found in some tumor cells (Figs. €0-52). Such masses
are not present in all sections of tumor cells, The glycogen may be
in the form of discrete particles (Figs. 60, 61}, or in clumps of

particles surrounded by a relatively homogensous electror-lucent
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matrix materiai (Fig. 62), As is seen in Figure 60, the glycogen may
occur in relation to membranss, The origin of thess membranes cannot
be readily determined, but there is little resemblance to the granular

endoplasmic reticulum, The emply spaces adjacent to these membranes

in Figure 60 ars probably artifactual,

The epparent discharge of cytoscmel material into an alveolar air
space (Fig. 63) is not an unusual feature in either iumor cells or
type B cells, but is pointed out here besauss the cytosome is being
“discharged" intc a non-functional air space as judged by the cyto-
plasmic debris obssrved in the space.

As already shown, glutaraldehyde fixation causes the various
cytoplasmic components to have differsnt appearances. The nulti.
vesiculsr body is evidently very sensitive to fixation and wmay present
markedly different structures, The glutaraldehyde fixed cell
illustrated in Figure 64 contains soveral organelles considered to be
moltivesicular bodies. The bodies in question have very lrregular
borders and contain homogeneous materlal in addition to the vesicles,
One multivesicular body (hollow arrow) appears to be forming in the
manner previcusly suggested, that is, from fusing vesicles. However,
an alternate interpretation, based on the example in this illustration,
is that uncoated vesicles fuse around coated vesicles to give the
final multiveslicular body.

Vacuclization of tha tumor call nmuclel, previously referred to,

is illustrated in Figure 65. Tho cell shown appears to be bi-nucleated.

[

'ris is not an uncommon finding in the mouse lung tumor ard has been
observed by many light microscoplsts and is ascribed by some to

aritotic division. The nuclei of the ecell illustrated in Figure 65
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has severél types of "inclusions"; some are probably true inclusions,
while others may be portions of cytoplasm surrounded by projections of
the convoluted nucleus, It must bse noted, however, that cartain oval
inclusions have a regularity of form and type of structure suggestive
of bacterial spores. The cell depicted provides an example of
possible degeneration; however, the mitochondria, cytosomes, and

multivesicular bodies appear to be normal,

J. Type B Alveclar Cells in Tumorous Lungs

it is desirable to illustrate type B cells from lungs of twmor-
bearing mice (Figs. 66, 67). Cells of this type might have besn
expected to show evidence of some alteration caused either by urethane,
or possibly by substances given off by tumor cells, However, the
type B cells from mice with "spontaneously" occurring tumors (Fig. €6),
or from urethans induced tumors (Fig. 67) appear to be normal. An
opportunity to compars what is thought to be a nermal typs B cell with
an adjacent tumor cell is afforded by Figure 67. The major diffarence
seen ralates to the greater cytoplasmic density of the tumor cell; in
partvdue to larger nuﬁbers of ribosomes,

Ons of the more unmusual findings seen in the tumors is that of
seri-attenvation by a cell, either a type B or a tumor cell, adjecent
to blood capillaries -~ in possible imitation of the functional
capability of the type A alveolar cell (Fig, 68). This picture is

encountered so rarely that further comment mist awsit further data,
K. Macrophages in Tumors
This final section, on macrcphages in tumors, is included

because of the close spatial relationship that exists between tumor
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cell and macrophage (Figs. 69-71, 73, and 74). The veriety of
intracytoplasmic membrane forms (Figs. 69-71) reflects the fole of
the macrophage as a scavenger.

Means for distinguishing tumor cell from macrophage have already
been described, and features that may confuse the distinction have
been noted. A further feature in this latter category is illustrated
in Figures 71 and 72. Here, an urknowm structure, made up of highly
conwoluted membranes, or tubules, shows a siwmilarity in structurs,
if allowance is made for thé difference in fixation of the cells and
magnfications of the pictures.

The presence of mycoplasma in such great abundance in alveolar
macrophages (Figs. 73, 74) cannot help but raise the question as to
whother these infectious organisms may play a role in tumorigenssis,
If such a relation exists, however, no ultrastructural evidence cun

be found in its support.
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DISCUSSION

I. The Mouse Lung Tumor Cell -~ Morphological Considerations

Tumor cells grow as epithelial sheets with "“tight junction seals"
at the apical border between cells and are elsewhere h2ld together
by interdigitating cellular projections and long stretches of closely
apposed parallel membranes that resemble the adhering zorules of
Farquhar and Palade (75)., Desmosomes have not been seen between tumor
cells, In general, the adenoma presents the appearance of what may be
imagined to be a field of hyperplastic type B alveolar cells,

However, ons major characteristic of hyperplasia, an increase in the
ramber of mitotie figures, is missing. In many bundreds of thin
sections of lung tumor examined, no mitotie figures have been obsorved,
This parsllels the experience of light microscopists who have
consistently noted the dearth of mitotie figures in the rnouse lung
tumor., These features, in addition to those to be discusced, combine
to give the impression that the mouse lung adencma is & slewegrowing,
weli differentiated, essentially benign twnor,

Type B cells and tumor cells both contain numerous pleomorphic
eytogomes, mitochondria, a very widespread Golgi apparatus, as well as
siall to moderate amounts of gramular endeplasmie reticulim, Mlti.
vesicular bodies are present in relatively great numbsrs, as ars
variouns coated and ancoated cytoplasmic vesicles, In addition, the
apical surface of both cell types is covered with many short,
irregularly shaped microvilli,

The cytosome characterizes both cell types, and serves to
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distinguish them from other celis in the lung. ﬁhen tumor cslls
and normal type B cells are treated with the same fixative, the
cytosomes usually appear identical in structure. The cytosome is
most typically preserved as a membrans-bounded, oval or round body,
about ons..half mieron in diamester, containing roughly parallel
osmiophilic lamelli. Occasionally, the lamslli are concentrically
arranged, but in some cases cytosomes are virtually devoid of lamelli
or other materials, The lamellar material appears to be discharged
into the alveclar air spaces, and remmants of such material can
frequently be found in the air spaces, or phagocytized by alveolar
macrophages.

Cytosomes are often more complex in structure than described
abo#e. Frequently, a thin rim of dense, non-lamellar material lines
the inside of the cytosome membrane, Cytosomal structure preserved
by osmium fixation is perhaps best seen in Figure 54, Here, it is
evident that the cytosome has lamellar, vesicular, and matrix come
ponents, In addition, a orystalloid componsnt occurs in many tumor
cell cytosomes (see Figs., 54 and 55). Following glutaraldehyde-osmium
combined fixation, however, the cytosome is observed to have & somewhat
diffevent structure, best ssen in Figurcs 53, 56, and 57, Herc,
varying sized vesicles, some ewpty arnd some filled with a dark
material, are found; but, osmiophilic lamelli are not present; ard,
crystalloids of different sizes are observed. Finally, a relatively
homogeneous, denss matrix substance, somewhat pocked by emplty spaces
(possibly an artifact of fixation), surrounds the other slements of

the cytesome,
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Sorokin (74) has attempted to reconstruct, for the type B cell,
a sequenée of pictures purporting to show morphological changes
leading from the multivesicular body to the cytosome, His presentation
is convinecing, and the postulated derivation of cytosome from multi-
vesienlar body is used az a basis for further discussion. In this
regard, it should be recalled that several illustrations in this
thesis ténd to corroborgte Sorokin's concept (see for example,

Figs. 41, 42, L6, 48),

The multivesicular body in the type B cell is thought by
Sorokin(74) to originate from Golgi vesicles. This origin has also
been sugzested by othsrs for other cell types (see (68) and (76) for
recent discussions of this cuestion). However, the multivesicular
Body nay also originate from vesicles (coated vesicles) pinched off
at the cell surface and passed into the cytoplasm. Examples of both
mechanisms can be found in illusirations presented in this thssis
(see Fig. 51 for the former and Fig, 47 for the latter case,

Bscause the multivesicular‘body oceurs in many different cell
types, various opinions as to their erigin and function have been
expressed, Sotelo and Porter (77), who coined the name multivesicular
body, noted and described this structure in the cytoplasm of the vat
ovun, These investirators pointed out that a similar sbtructura had
alroady been described in seven previous articles and concluded from
these several firdings that multivesicular hodiss ... cccour noraally
as a constant component in anlmal eells,” From their own study, the
small vesicles within the body were thought to bs discharged into the

cytoplasm, inasmuch as the multivesicular bodies war2 often found
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surrounded by many-smallivesigles of the same size as those within the
'body, and in addition, examples of partially opensd bedies were noted,
A dark, vesicle«containing, inner component, térmed a nucleoid, wés
found in some multivesicular bodiss., No functior was ascribed to the
multivesicular body by these authors, but the opinion was expressed
that they were sslf-reproducing.

Palay (78) described nultivesicular bodies in secretory neurcns
of the goidfish preopltic nueleus. In these neurons, the multivesicular
body was tentatively postulated to give riss to the large, membrare-
enclosed nsurosecrstory droplet synthesized by these cells,

Farquhar and Palade (79) found that when ferritin was aduministered
intravenously to rats a phagoeytic mesangial cell of the kidney
glomerulus took up the ferritin, some of which became located in
multivesicular bodies,

In an experiment designed to determine if the neurons of spinal

ganzlia could take up ferritin, Rosenbluth and‘WisSig (80) injescted

ferritin intraperitoneally into toad lumbar ganglia and also incu~
bated excised itoad lumbar ganglia in solutions containing ferritin.

It was found that 2 small amount of ferritin crossed two barriers
(sheath cells and basement mewbrans) to become incorporated into
nevrons, both under in vive ard in viire counditions, Coabted vesicles.
derived from plasma membrane invaginations were found to contaln
ferritin particles., Other coated vesicles withinvthe cytoplasm were
observed to contain smaller vesicles of a size siwilar tc that found
in multivesicular bodies, In addition, ferritin pariicles were noted
in fully formed multivesicular bodies. Other coated vesicles wers seen

to have a long cisternal extenuation or neck (psdunculated coated
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vesicles), and intermediates between this structure and multivesicular
bodies were illustraﬁed. Some of these latter structures are not
unlike thoss illustrated in Figure 64, It is probably of significénce
that ferritin was found only in coated vesicles and multivesicuiar
bodies in the neurons examined by Rosenbluth and Wissig., These
authors conciunded that the function of the multivesicular bedy was
", .. the uptake and sequestration of macromolecular material from the
enviromment of the neurons," If this interpretatien is correct, it is
sonewhat puzzling that the neuron would have a mechanism to incorpo-
rate extraneous materials, inasmuéh as such materials would act as a
eytoplasmic burden which would bs added to the burden already caused
by autophagic processes within the cell., However, it may be that
ferritin was taken up ineidentsally, and that other necessary substances
are brought into the cyloplasm by the postulated mechanism, In any
case, it remains unclear what nscessary metabolites are brought into
the‘call in this mannsr, and how they are utilized once they are
incorporated within multivesicular bodies,

Robbins, Marcus, and Gonatas (81) incubated Hela tissue culture
cells in a medivm containing the fluoresecent dye acridine orange in
order to determine the nature of the acridine orangs stained cyto-
plasmie particles found in these cells, It was lsarned that the
acridins orange became incorporsted into membrane~bournd bedies, many
of which resewbled multivesicular bodies, It was thought that inter-
mediate forms between the two structures could be recognized, MNany
of the dyemcontaining structures illustrated are remarkably similar

in appearance to the cytosomes of the lung cells,
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Gordon, Miller, and Bensch (82) treated strain L (Barle) tissue
culture cells with 2 coacervate containing herring sperm DNA, gelatin,
and colloidal gold by adding this mixture to the enlture medium, The
cells were found to takes up this material and incorporate it into
phagocytic vacuoles. The colloidal gold, being undigestable, served
as a marker, The gold became localized in dense bodies and multi-
vesicular bodies. These investigetors suggested that the multivesicular
body represents an intermediate structure related to intracellular
digestion of both endpgenous ard exogenous substances, inasmuch as
substances derived froﬁ“degenerate cell organelles as well as those
introduced by phagocytosis were thought to be seen in multivesicular
bodies., The final stage in the digestive process was thought to be
represented structurally by a dense body (residual bedy, lipofuscine
containing body, ete,) filled with unassinilable materials,

Merker (83) administered crcton oil vaginally to rats and found
that the vaginal epithelium responded by a very warked increase in
miltivesicular ard dense bodies, as well as structures intermediate
in appearance botween the two, Merker concluded that the multivesicﬁlar
bodies were specialized lysosomes related to the digestion of certain
types of phagocytized substances,

These several studies suggest that the mltivesicular bodies
are almost certainly lysosomal in nature; perhaps, they are pre-
lysosomes, De Duve, who originated the term lysosome, has recently
reviewsd the subject with Wattiaux (84), These authors list ard
discuss many functions attributed to lysosomes. As it is likely that
the type B and tumor cell cytosome is lysosomal in derivation, it is

of interest to noté that De Duve and Wattiaux include the possibility
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'thét some cells ",,. may possess a mechanism for unleoading their
lysééomes as a means, not of eliminating residues, but of discharging
active enzymes into the extracellular spaces, Such & process would
have the character of a secretion rather than of an exerstion." Also,
these authors state that, "In general, it may be said that all cells
.1ining body cavities are engaged in pinocytotlc processes followed by
the lysosomal digestion of the engulfed produets.... In some
particular cases, the peculiarities of synthesis and breakdown lead
to the formation of new products endowed with special biological
properties,..."

Balis and Conen (85) reported a cytuchemical study on developing
rat, and postmortem human newborn lung. These investigators described
the localization of acid phosphatase to Golgi lamelli, some muliie
vesicular bodies, and some cytosomes of type B alveolar cells. The
acid phosphatase reaction product was not found in cytosomes being
extruded from the cell, or in lamellar wmaterial in the air spaces,
This study would appear to assure a lysosowal derivation for the
alveolar cell cytosomes., Similar findings have been reporited by
Hatasa and Nakamura (86).

A erystalloid component of the iype B cell eytosome has npt
as yet been repvorted in the literaiure, ard nons were fourd in the
type B cell cytosomes in the material studied in this thesis, However,
previously reported electron microscopic studies of the mouse lung
tumor, althcugh dealing with osmiwn fixed tissue, have similarly not
deseribed a cytosomal crystalloid, This failure most probably relates

to tissue prescrvation rather then to basic ¢sllunlar differences
P



b9

between differsnt groups of mice, The failure to find a erystalloid
component in the nofmal type B alveolar cell in this study may be
simllarly caused, It is altogether conceivable that a cytosomal
erystalloid is present in life in this cell type but is not success-
fully preserved by the fixatives so far employed,

The crystalloid may be suggested to be equivalent to the
osmicphilic lamelli, This supposition is supported by the absence
of Jamelll in glutsraldehydec~osmium fixed tumor tissue, end thedir
apparent replacement by the erystalloid. Tn additlion, "fraying' at
the edge of the erystalleid produces bands somewhat similar to the
lamelli seen with other fixatives,

vWhereas, cytosomal erystalloids have not bsen previously describad,
the U.chaped infolding of ﬁhe endoplasmic reticulum noted in both
type B alveolar and tumor cells has also been observed by Svokeda (52},
-who termed this structure a “eytoplasmic sequestration." Its conform-
ation ray result from an accumulation of a special secretory material
within the ondoplasmie reticulum, which is lost durdng tissve prepa-
ration., The identification of this membrane-~bourd, U-shaped structure
as part of the grénular endoplasmic reticulum is based on the firding
of scattered ribosomes along the membranses, It is possible, however,
that this ribosomal localigation pay be fortuitous, and the membranss
may belonz to the agranulér reticulum system or may be &n intermsdiate
between the two systems,

The presence of empty spaces or clefts in the cytoplasm has also
been noted by Svoboda {52), as well as by Kitamura (59), arnd by

Hattori et al (60). They are considersd by the last two groups of
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authors to be "cholesterol clefts," Structures similar to these have
élso been described in foam cells in coronary artery plaques of
rabbits fed cholosterol in their dists (87).

Glycogen cccurs in many cell typss, but the presence of masses
of glycogen in a cell usually denotes a pathological process. The
accumulation of large numbers of glycogen particles, either singly
or in rosettes (Figs. 60, 61), or as membrane-bourd "pools' (Fiz, £2)
may result from different biochemical 1esiqns. Glycogen in membrans-
enclosed masses has besen described by Baudhuin, Hers, and Loeb (88),
and Cardiff (89) in Pompe's disease. Excess glycogen produced by a
cell is thought to be taken up by lysosomes and broken down by the
enzyme alpha glucosidase which is found only in these bodies (88).
In Pomps's disease (also known as type II glycogenosis), this ensyme
is suspected to be absent,

Alveolar cells have not previously been described to contain
glycogen, Moreover, most adenoma cells do not contain glycogen, It
is possible that alpha glucosidase is not normally produced by the
type B cells, or the derivative tumor cells. This would account for
the accumulation of glycogen in membrane-bound bodies in the tumor cells
but would not acccunt for the presence of excess glycogen in the first
place, Ths absence of an enzymé related to the normal cataboliém of
© glycogen would result in abnormal Qccumulations of glycogen which would
be taken up by lysosomes. Such an enzyme deficit in a small percentage
of tumor cells might well be‘the result of the appearance of
"spéntaneous” mutants, Other possibilities, of course, exist and no

conclusions can definitively be drawn without further Investigation.
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Before leaving this subject, it should be mentioned that glycogen
mﬁsses were previously observed by other investigators in mouse lung
tumor cells and variously identified. Klirner and Gieseking (55)
thought the particle-filled pools, such as are illustrated in Figure
62, were cytoplasmic inclusions of viral origin, Svoboda (57}, noting
the samo structures, denied the viral possibility, suggesting irnstead
that the particles were ",,. ribonucleoprotein particles lying within
dilated cisternae...." Such an intorpretation seems improbable,
Hattori et 21 (60) noted the samé particleé and pointed out that
their affinity for lead resembled glycogen particles; however,
these investigators rejected this identification by finding that
glutaraldehyde fixed tissues, when incubated with saliva, retained the
particles, Their histochemical findings were, however, not illustrated.

Iﬁasmuch as a2 histochemical determination for glycogen was not
carried out in this work, identification ¢f the particulate materizl
illustrated in Figures 60 to 62 as glycogen is morphological ard
deperds on the similarity in appearance of these particles to glycogen
illustrated by other investigators (88, 89),

Misidentification of alveolar macrophazes with type B alveclar
cells or tumor cells has not infrequently occurred in the literature.
Svobeda (57), in his ultrastructural study of the mouse pulmonary
adenoma., illustretes two cells containing many mycoplasmz and identifies
these cells as tumor cells., Recognlzing that the particles may have
been phagocytized, Svoboda suggested that the alveolar epithelial cells
could function as fixed macrophages. Klarner and Gieseking (55) have

also identified a portion of a esll containing mycoplasma as a
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degensrating tumor cell having "microbodies,

The fact that the correct identification of alveolar macrophages
in pulmonary adenomes of the mousz is not always easy has previously
been discussed, The principal result of misidentification is that the
description of the tumor cell becomes needlessly and misleadingly
complicated, It should be pointed out, hovever, that the identification
of mycoélasma in alveolar macrophages, one of the most distinguishing
features of thése cells, could not safely be made on a morphological
basis alone prior to 1966, In that year, Organick, Siegesmund, and
Iutsky (90) published an ultrastructural study of pulwonary pneumonis
produced in germ free (gnotobiotic) mice by intranasal inoculaticn of

Mycoplasma pulmonis, This report illustrated several mouss lung cells

containing mature and elementary body forus of mycopiasma. Unfortunate«
ly, an alveolar macrephage, containing elewmentary bodles of tha‘
organism, was misidentified as a "granvlar pnsumonocyte", ancther rane
for the type B alveolar cell, Morsover, other cells cu"zr‘t:’zjm‘ﬁng
elamontafy bodies were not identified at all. Nevertheless, this

report provides a satisfactory basis for recognition of mycoplasma,

IT. The Mouse ung Tumor Cell «- General Considerations

Thz ultrastructure of the type B alveclar cell and the mouse lung
tumor cell is very similar. This similarity strongly suggests that
the latter is derived from ths formsr, and from no other cell type,

The function of the type B cell is not yet definitely known.
’However, it is reasonable to assume that the cell's funetion is one
of sezretion. The evidencs for secretion is based on ultrastructural

evidence of discharge of cytosomal material and on the aburdancs of



53

Gslgi membranes, endoplasmic reticulum, vesicles, and cytosomes in
the cytoplasm., Since tumor cells gensrally show the same features
as those of thes type B ceoll, it seems reasonable that they have
retained the capacity for secretion,

The question arises, however, as tc the nature of the type B
alveolar cell secretory product. In recent years, thers has accumu-
lated a substantial literature based on the concept that the alveoli
are lined by a thin layer of some substance that acts to reduce the
surface tensioﬁ of an assumed layer of tissue fluld covering the
alveolar cells (see (91) ard (92) for references on this subject).
Such a surface tension-reducing substance is termed a surfactant.
The argumnent offered by the advocates of this concept is that when
the =ffect of surface tension>at the‘moist elveolar surface is taken
into considsration, the balance of pressures that exist at the
alveolar'interface would allow plasma to sesp cul of the capillaries
ard into the air spaces. Because this leakage does not take place in
rormal lung, it is concluded that the surface tension at the alvsoclar
surfacs must bé reduceiby the presence of a& surfactant (93).
Furthermore, a material showing excellent surface tehsionnreducing
properties when spread on surfacss of aqueous solution has been
extractad, in various ways; from whole or minesd lung (94). This
naterial has been identified as a dipalmitoyl lecithin (95), a some-
what unusvual lecitbin having saturated fatly acids, The suggestion
has been made by several investigators (96,97) that this surfactant
is the secrotory product of the type B alveolar cell,

I believe that the necessity for a surfactant to be present to



reduce th2 surface tension at the alveolar surface is deubtiui.

The physiclogical reasoning for such a need assumes a spherical
alveolus of small radius, and an alveolar septum having such sligh£
intrinsic strength that it would be significantly efrfscted by the
surface tension in thé assumed layer of tissue fiuid covaring the
alveolarbcells. There now exists reasonably good evidence that the
alveoli a}a not spherical, but are instéad polygonal in shapé with
relatively flat sides and sharply angular cﬁrners (98, 95). Also,
there is no evidence thai the alvsolar cells are coverad with a layer
of tissue fluid., The alveolar air is highly hnmidifiad and nay not
bs injurious to the alveolar colls, However, even if there were a
thin layer of tissue fluid (plasma dialysate?), it would still remain
to bs shown'how the tension within this layer could significently
effact the gross structures of an alveolsr wall which hae defiwita
elastic and collagen fiber suppert.

In spite of the counterargument given ;Eova, it is possible
that something akin to a surfactant does coat ths alvsolar surfaca;
Indecd, any céllular debris having surfactant properties would tend
to coat the alveolar surfaces if they were meist., The type B, ov
tumer eell, eyiosome, when released inle the alvssclar alr spaces,
ray well contain substances that would have surfactant propsitics.
Although the osmiophilic lamellar or crystalline component of the
eytosems would probably not be a dipalwmiteyl lscithin -- osmiun
tetrqxide is not thought to resect with saturated fatty sceids -
other components of the cytosoms could have surfactant properties,

Another, perhaps more likely possibility is that lecithin, if
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such is present in the cytosome, acts primarily as an emulsifying
agent, bringing a relativély insolubla but active component of the
cytosome into contact with the alveolar surface., This suggestion
is currently being explored by ths writer in a separate study based
on the hypothesis that the relatively high ﬁormal concentration of
oxygen in the alveoli might require the presence of an anticxidant
which would serve to p:otéct oxygen~sensitive bilochemical entities --
lipoproteins, or certain components of oxidation-reduction systems
" in the more vulnerable alveolar cells. The active, but perhaps
poorly ;oluble, cytosomal substance, speculatively referred to above,
could bs the antioxidant,

The hypothesis on oxygen toxicity and the need for an antioxidant
in the lung may be related, even if only tenucwvsly, to the lungvﬁumor
problem.

Because of interest in oxygen therapy in medicine, especially
for the newborn infant with hyalins membrans diseass, and in the
use of oxygen at high concentration in aerospzce research, a number
bof vltrastructural investigations have been carried oﬁta For
example, it has bsen learned that mice breathing 100% oxygzen will die
in about five days, apparently "drowning" from edema fluid leaking
inte the alveolar air spaces (100). Rat lung is seswingly locc
susceptible to oxygen toxicity than is mouse lung, Nevsrtheless,
the reaction of rat lung to high oxygen concentrations is an incrzase
in alveolar wall thickness, primarily due to widening of the con-
nective.tissue space and thickening of the endothelial cell cylo~

plasm, In addition, the mumber of type B alveolar cells is increased,
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as is the amount of membranous material in the air spaces, presumably
of type B cell origin (101), A second, recent étudy'on the effect of
oxygen on rat lung was reported by Kistler, Caldwell, and'Weibel (102).
This article should be consulted for references on this subject.
Kistler et al made a careful morphologlical comparison of oxygen-treated
rat lung with normal lung and found that the widening of the alveolar
‘septum wéskprimarily caused by an accumulation of edema fluid‘in the
connective tissue spaces. This fluid was later found to be replaced
by fibroblasts and commective tissue fibers. There was also a cone
comitant destruction of about 50% of the capillaries. The primary
site of damage was believed to be the endothelium, The alveolar
epithelium was hardly effected, and when damage occurrad it was
produced mainly by'preésure from the edematousrunderlying strucfures.
In the most severely effected rats, about two-thirds of the alveoli
were filled with an exudate. >Of interest, in relation to the hypo-
thesis being discussed, are illustrations of type B cells from oxygen-
poisoned rats. These cells show a very marked dilatation of the '
cistefnae of the granular eﬁdoplésmic reticulum, Also, large numbers
of free ribosonses are seen in the cytoplasm, As these authors did rot
concnive of a relation betweeh oxyeen poisoning and the type B cell,
this cell type is not sufficiently illustrated to permit further
conment, However, future work on oxygen polsoning in mice, with
special emphasis on the reaction of the type B cell, is planned by the
writer. If the type B cell produces an antioxidant, it should react by
showing signs of inersased secretory activity. The results of sﬁcb a
study may answer the gquestion posed by Kistlef et al (102) who wrote,

"The most puzzling observation relates to our finding that endothelial
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cells are damaged first by en agent that has to traverse a similar
tissue layer before reaching its target, The question why epithelial
cells, which are directly expossd to the high oxygen pressure, afe not
damaged, whereas endothelial cells undergo such early and drasticv

changes, remains unanswered,"
Heston and Pratt (103) compared wmice treated with the carcinogen

dibenzanthiracene and subsequently exposed for 48 hours to atmospheres
of 8% oxygen, normal air, or 100% oxygen., These investigators
determined that animals exposed to 100% ox&gen showed an increased
number of lung tumors as compared to those breathing air, and the
mice exposed to 8% oxygen showed a decreased nmumber of tumors, They
suggested that oxygen "... creates a physiologic state of relative
susceptibility of the alveolar epithelial cells to the action of
dibengz{a,h)anthracens.” Similar results were obtained by Di Paolo
(104). Falconer ard Bloom (105) in discussing the genetic aspacts
of the mouse lung tumors stated that "... the site of action of the
genes responsible for the genetically determined susceptibility to
carcinogen is iﬁ the lung tissue itself.... The tissue specificity
suggests that the opsrative envirommental factors are 1ikeiy to be
those that effect the lung tissve directly, such as exygen concen-
tvation, ..."

Before éompleting this section, the guestion of a relation between
infection and tumors should be touched on. No evidence for such a
relation has been obtained in this study. It is knowﬁ that the
mouse marmary tumor ageht (Bittner virus) is present in the strain A
mouse (10). However, few virus.like particles have been recognized

in lung cells, and none are seen in the thesis figures, The presence
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of mycoplasma, however, is another matter, This organism is prasent
in normal and tumorous mouse lung, There is, as yet, no evidence
suggesting a strong commection between mycoplasma and cancer. Although
such organisms have been found in many cancers, they also occur in
normal tissues, This, of course, does not rule out the possibilitly
that mycoplasma may be tumorigeniec. This could be indirectly tested
by studying strain A mice under germ-free conditions to determine

if lung ademnomas form,

IIT, Effect of Urethane on Cell Ultrastructure

No effect of urethane on cell ultrasﬁructure could be detected
in the present study. Furthermore, no obvious difference in
morphology between tumor cells fromb"spontanecusly” occurving tumors
and thgse of urethane iwvducad tuﬁors could be demonst?aﬁﬁd. Aliso,
there were no differences noted between the tumors of young mice
receiving urethane in utero or from their mother's milk and thoss
arising "spontaneously" or by induction in older mice. Finally, no
differences were found in the tumors of young mice subjected to
urethane in utero only, in their mother's milk only, or thrqugh both
pathways, |

If thess regative findinge are correct, it must be concluded that
the effoct of urethane is on cell systems that do not show recoge
nizable ultrastructﬁral changas, Most of the ruclear systems would
likely fall into such a catégory, es would many cytoplasmiec systems,
If urethane acts, for insténce, as an alkylating agent {adding the
'ethyl groﬁp of ethyl carbamate), gnd if muelsic acids were effected,

a mutation could be produced, However, the effect of the putation ma



not bhe structurally evident.

IV. Theoretical Considerations

Investigations of the varicus aspeéts of cancer have produced an
immense quantity of'datg, much of which must, unfortunately, be
considered as virtually lost. This conclusion is based on the
observation that data tends to be retained when clossly related to
current theories, but lost when unrelated to any theory, Much of the
morphologic data on cancer, particularly the ultrastructural findlngs,
fall iﬁto the latter category.' This unfruitful situation could be
remedied if each investigator attempted to réiate his findings to
theory., This is especially true in the case of cancer where most
mgdernrthaories are based on biochemleal concepts, it can hardly be
expected that the biochsmically oriented theorist will want to dig
deeply intc ths morphologic literature, or ba able to appreclate wlat
he finds even if he-were to look there,

In epite of the foregoing argument, it must be admitted that
the ron-theorist is faced with too many theories on cancer, arl too
few that are satisfying. Rather than ﬁo attempt & revisw of the mors
prominent current theories, several ideas and portions of theories
will be synthesized into s wnrking hypofhasis of cancer to which
morphological data can be compared. |

One of the simplest thoories of cancer was suggested by
Lederberg (106) in 1946, Lederberg peinted out that an snalegy seemed
to exist between a circumstance relating to Neurospora growth and
cancer, A leucine deficient stréin of Neurospora, growing in a

medivm containing leucine, is controlled, in terms of growth, by ths
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quantity of leucine in the medium, Occasionally, there will arise
in such a mutant culture z back mutation to the wild type (leucine
synthesizing) organism, This wild strain will, under the proper
corditions, overgrow the leucine deficient strain., It was Lederberg's
jdea that the leucine deficient strain of Neurosporz could be con-
sidered analagous to normal cells of multicellular organisms, ard the
wild strain of Nourospora analogous to cancer cells. The point of
this theory is that, in muliticellular organisms, normal c¢ells of any

iparticular type are incapable of uncontrolled synthesis of whatever
substance regulatesvtheir growth, whereas cancer cells are capable
of such synthesis.

It may be assumed that the growth of each cell typs of a
multicellular organism is carefully regulated. This regulation is,
undoubtably, medisted chemically. This possible that in some cell
types the definitive growth regulator is synthesized by the cell typs
in question, but synthesis is turned on and off from external scurces.
Ih dther cell types, the growth regulator may be synthesized by cells
of a different type. In either case, the “information" for the
synthééis of the growth regulator exists in the genome of all cells of
the organism, but is repressed in almost all of them, If, in any cell
type capable of growth, this portion of the genons wera to be dere.

pressed (107}, then such a coll could synthesizs its own growth

regulator. It would divide more rapidly than normzl cells of the
same tyve but not necessarily more rapldly than hyperplzstic cells,
A clone of altered cells would arise from the original cell., In spite

of this alteration, the effected cell ard its progeny would remain
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s?ecialized, inasmuch as that part of the genoﬁe related to speciali-
zation was not changed.

It is not known at this tims what agents may cause this type
of derepression., Any or all carcinogenié agents may be impiicated.

If a daughter cell, arising from this clons of altered cslls,
should suffer a mutation effecting the specialization portion of ths
genome, a new clone would arise, In this case, the effect could be
prcduced by any mutagenic agent, carcinogen or otherwise. The cells
of the latter clone would terd to divide rorse rapidly than the eslls
of the former clone, because there would be less compatition within
these cells by metabolic systems related to the lost specialization,
Further mutations effecting cell spscialization would result in more
rapidly dividing, less specialized clones of cells,

On the basis of this hypothesis, all cslls that synthesized their
own.gréwth control substance would have to be regarded as cancer cells,
Those that had become least specialized would be the most malignant
in relation to the host organism.

Evidence to support this wvrking hypothesis exists in ths
findings of Braun and Wood (108) on crown gall tumor in plants.

Direct evidence from the animal kingdom is lacking, althcugh many
pieces of data are consiétent with the hypothesis. In particular,

the evidénce gathered by many investigators (see Berenblum (109)) to
show stages of tumor growth from‘initiation to promoticn to progression
tends to support certain aspects of the ﬁypothesis. It is, however,
not the purpose of this thesis tovexpand on the hypothesis offered
here, Rather, this‘will be done in a separate publication at a later

time,
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The working hypothesis allows certain predictions to be mado:

1) the earliest cancer cells should appear to bs simiiar to hyper-
plastic cells of the same type, 2) if ﬁhe growth control substance
wore diffusable, a zone of hyperplastic normal cells should surround
tumors, and 3)“if marked morphological differences, neglecting necrosis
and degeneration, occur among the neoplastic cells making up a tumor,
the cells showing the differences should be found in discrete groups,
These groups would represent clones arising from a mutation or
mutations in a parent cell, It is of interest to compare this hypo-
thesis and the predictions arising from it with the findings on the
mouse lung tumor presented in this thesis,

It is evident that the twmor cells appear very similar to the
normal type B cells, The most obvious difference is the presence of
a crystalloid in the tumor celi cytosome and its apparsat abserce, or
difference in preservation, in the type B cell cytosome, As the
cytosome is likely to be closely related to the type B cell function,
it is possible to suggest that the initiation of the Tung tumor is
caused by urethane (fhe "eomplete" carcinogen) or some other agent
which produces a metabolie alteration reflected by the eytosomal
bcrystallcid. If such an alteration effected the function of the
eell, and if a functional reedback system existed in this cell type,
then it would be expected that cells altered in this mammer would
becoms hypefplastic.

There is a growing body of evidence that the neoplastic event,
whatever that may be, ocours only at the time when DNA is replicated,
Although this evidence is derived primarily from the viral carcino-

genesis literature (see Temin (110), Dulbscco (111), ard Sachs (112)),
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it may also be applicable to all carcinogens. A hyperplastic group
of cells could be regarded asAa prime target for future cafcinogenic
action.

In the»case of the mouse lung tumor, urethane, or some other
agent, may effect the DNA of the cell (or othér,sensitive site) to
bring about the definitive changa " the derepression suggested by
the working hypothesis.

| The second prediction of the hypothesis cannot be tested by
the data obtained, inasmuch as a ring of hyperplastic type B cell%
could not be definitely identified near the adenoma, Also, if such
cells were present, it could be argued that they had arisen first.

The third prediction of the hypothesis is difficult to examine
by the electron microscopic method, However, it was noted that the
glycogen-containing colls were grouped loosely together, |

It must be admitted that other explanations of thase fircdings
exist, ard that the working hjpothesis must ke strengthered in

additional ways if it is to be useful.



SUMMARY

Alveolar cells of the strain A (Heston) mouse, a strain'having
a high “spontaneocus" lung tumor incidence, and lung tumor cells were
examined with the eiectron microscops and their morphologies described
and compared, The lung tumor celis containad cytosdmas, cellular
structures which in normal lung are unique to the type B alveolar
cells, .Thus, the derivation of the mouse pulmonary adenoma from this
cell type would seem assured, |

The principal difference between the normal type B cell and the
tumor cell is that the tumor cell cybosoms contains a crystalloid
component that is either absent or, despite the use of similar
fixation, not preserved in the type B c2ll cytoéome.

No differences could be detescted between cells of Jlung tumors
arising "spontaneously" or those induced by ursthane in young ovr old
mice, Also, cells of lung tuﬁors induced in young mice by giving
the mothers urethans in their drinking water did not appear to differ
from thoss above,

Findings are discussed iﬁ relation to a hypothesis suggesting
that the function of the type B cell is the production of an anti-
oxjdant-néeded to ﬁrotect the alveolar cells against the high oxysen
concentration normally present in the alveoli, Additionally, the
relationship of the findings in this study to a hypothesis suggesting
that éancsr occurs when cells become capable cf synthesizing a
substance that controls their own growth is considered.

future experimenfs in the mouse lung tumor'systém are needed

in order to dafinitively determins the function of the type B alveolar
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cell, Once this function is determined, experiments can bs designed,
ineluding induction of type B cell hyperplasia, by virtue of which the

effects of superadded carcinogens, such as uréthane, may be made more

apparent.,
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ABBREVIATIONS USED IN FIGURE I1EGENDS

A =< Type A alveolar cell
Air -~ Alveolar air space
B -~ Type B alveolar cell
BM «~ Basemsnt membrane

C e~ Capillary

CF w= Co}lagen fibers

CM ~w Chromatin ﬁassas

Cn -~ Centriole

CT -- Connective tissuve cell
DB -- Dense body

E «« Endoplasmic reticulum
EF -~ Elastic fibers

EN -~ Endothelial Cell

Fos - Fosinophil

F e fibrils

G == Golgi apparatus

J == Tight junction, or junctional complex
L == Lipid

Lyn - Lymphocyte

M == Multivesicular body

‘Mac o= MaCPOphagé

Mit -~ Mitochondrium

MV «w Microvilli

N «= Nucleus |

NC -~ Mucleolus

)
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NP -~ Nuclear pore

P -= Platelet

Ps «« Pseudopod

R -~ Ribosomes

RBC «~ Red blood cell

S ~= Structural configuration of erdoplasmic reticulum
T -« Tumor cell

V «= Vosicle, plain or coated

X

~- Cytosome of type B or tumor cell
EXPLANATICN OF FIGURES

Photographs, unless otherwise designated, are electfon micro=
graphs mads from thin sections of tissus embsdded in Araldite, fixed
in 1% 0304 buffered with vefonal~acetate, ard examined with the Philips
EM-200 electron microscope. Magnificétioh values given refer to the

final micrograph.‘

For exact details of tissue preparation, reference should be
made to the Materials and Methbds section,

In ﬁhose cases of urethane administration in the drinking watesr,

the concentration of the ecarcinogen was 0,1%,
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Fignre 1. Gross photograph of mouse lung with multiple
subpleural tumors. Tumors (hollow arrows) occur in
all lobes as raised, rournd or irregularly shaped masses

having a lighter color than the surrourding normal lung

tissue, X 3.5.

Figure 2., Low magnification light micrograpb of a lung
showing multiple tumor loci. In section, fumors
(errows) are seen to occur in several lobes. Most
tumors have a subpleural location, but s&me appecy to
ofiginaie in the depths of the lung adjacent to large

bronehi, X 8.5.
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Figure 3, Medium magnification light micrograph of a typleal

mouse lung adenoma. The subpleural tumor illustrated
(arrow) causes the pleural surface to be raised
slightly and would probably be grossly visible, The
largest part of the tumor mass has expanded into normal
lung alveolar tissue, The unencapsulated tumor appears

to blend into normal tissue at its borders., X 120,

Figure 4, Higher magnification light micrograph of &
pulmonary adenoma, This micrograph, of the iumar
illustrated in the figure sbove, revesls a pattern of
curved sheets of c¢ells. The tumor, although swmall, has
become almost solid, with the virtual obliteration of

air spaces. X 600,
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Figure 5. Type B cell of o normal, eleven week old, Group
III mouse -- effect of fixstion, The typs B cell (B)
appears to be passing through the éiveolar septum
(arrows) from one alvzolar alr space to an ad jacent ons.
This coll type is recognizsed by the presence of cyto-
somes (X) that appear, with this fixative, as osmlophilie,
lamellar masses, ranzing in size frow about onswfourth
to one-half micron in diamster, Mitochondria (Mit) sre
rumerous in this cell type. A peculiar intracytoplasmic
membrane infolding (8) can be seen in some of these
colls, The border of the cell typically shows
irregular projectiqns, or microvilli (MV). The alveolar
air spaces (Air) are normallyvlined by attemiated cyto-
plasm of the type A (A) cell, a second alveolar
epithelial cell typs. The blosd capillaries (C) ars
lined with the attenvateqd cytopiasm of endothslial

c¢ells (Bn)., Epon embedded, RCAE, X 15,000,
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Figure 6, Type B coll of a nermal, eleven week old, Group II

mouse -- offect of fixation. The type B cell illustrated
contains large, almost empty vacuolesr(X) that correspord
to the cytosomes seen in the previous figure., The
remnants of some osmiéphilic lamelll can be detected in
the vacuvles. In addition, the mitochordria, cytoplasm,
and- nucleoplasm of this eell ars markedly denser than

in the same cell type previoucly illustrated., Epon
ombedded. Fixed in 1.33% 0s0) buffered with collidine.

X 13,800,
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Figure i Type B cell of a normal, eleven week old, Group
IIT mouse - effect of fixation. The type B cell (B)
is contrasted with thé alveolar m&crophage (Mac) in this
illustration taken from tissue fixed in the same manner
as the previous picturs. The cytoplasm of the alveclar
macrophege is voluminous, The cell borders are
irreguvlar. Broad, often long, pseudopods extend from
the cell body. In all mouse lungs examined, the cyto-
plasm of the alvsolar macrophages contain few to
N TONS, sméll, plecmorphic gramiles (single arrows)
believed to bz, in most instances, elementary bodies
of mycoplasma (pleuropnegmonianlike organisms -~ PPLO).
Such bodies are rarely, if ever, definitely identified
in other normal luong cells, A large body in the
mécrophage (double arrows) is slightly simiiar in
appearance to the cytosome (X) Qf the type B cell.
Epon embedded, Fixed in 1.33% 0s0,, buffered with

collidine. X 13,800,
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Figure 8,' Type B cell of a urethans treated, eleven weeok old,
Group IIT mouse =e effectvof fixation., The type B cell
(B) 1llustrated contains many poorly preserved cylo-
somes (X). This preservation of structure is not
typical of the fixative used, but indicates one
possible effect of fixation on this material. Fpon

embgdded. rRca, X 15,500,
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Figure 9. Typs B éell of a normal,btwentyaone day old,
Gfoup IV mouse == effect of fixation, Aldehyde fixed
cells are generally denser than their osmium=ixed
counterparts., More of the substances making up the
ngrourd cytoplasm" are apparently retained by these
fixatives. The typs B cell may be contrasted with the
adjaéent connactiie tissue cell (CT) in this micro-
graph. The cytosomss (X) of the type B cell are not
well preserved in this normal cell. Fixed in
glutaraldehyde and postfixed with 0s0y,, both buffered

with caccdylate, X 22,900,
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Figure 10, Type B cell of a five month old, normal, Group I
mouse =- effect of fixatién. The type B cell (B) of this
rormal animal shows fair preservation of the endoplasmic
reticulum (E), but poor preservation of mitochondria
(Mit), and cytosomes (X). However, the same fixative
often gives good preservation of these elements,
particularly in tumor cells (sece Fig. 26). A group of
small vesicles (V) in this cell sppears well preserved,
Fixed in glutaraldehyde - osmium (3:2) combination,
buffered with cacodylate, and postfixed in 0s0,,

buffered with veronal-zeetate, X 22,900,
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Figure i1. Tuwor cells of a forty-three day old, Group IV
mouse «= offect of fixation., The tumor was induced by
adminiétering urathans in the drinking water to the
mbther from the 12th through the 17th day of gestation,
The tumor ecells shown have a well dsveloped endoplasmic
reticulum (E), contain multivesicular bodies (M), and
muercus cytosomss (X). This fixative, on this
cccasion, has producsd probable artifacts of vacuolizatign
in relation to the cytosomes (straight arrows), However,
another form of what is considered to be the same body
(curved arrows) presents an entirely different appear-
ance, Here, 2 solid, or seﬁiasolid, osmiophilie,
membrane-onclosed, cytoplasmic bod& is seen. Micro-
villi (MV), ard a prominent tight junction (J) are

noted, X 22,900,
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Figure 12, Tumor cells of a fifteen month old, untrezted,
Group I mouse =- effect of fixation, The tumor cells
contain cytosomes.(x)‘of the lamellar typs. Mitochondria,
endbplasmic reticulum, aﬁd other cell cell 6rganelles
are generally well preserved. One tumor cell (TT)
appears to be caught in movement through a narrow
Opéning in the comnective tissue (arrows), Fixed in

050, buffered with phosphate, X 13,800,
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Figurs 13, Tumor cells of a fifteen month old, untreated,

Group I mouse -= effect of fixation. The cells of this
"gpontansously" occurring tumor (T) appear similar to
those in the previous figurs. The cytoplasm and nucleo-
plasa is dense, Mitochondria, and Goigi apparatus (G)
are well preserved. The cytosomes are somewhat more
vacuolated than those presgrvad by scme of the other
fixatives, Fixed in OSO@ buffered with phosphate.
Postfixed in a glutaraldehyde « formaldohyde mixture

buffered with phosphate. X 13,800.
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Figure 14, Tumor cell and macrophage of a ten month old,

urethane treated, Group V.mouser-a effect of fixation,
One effect of glutaraldehyde fixation is the production
of a mitochordrial vacuolization artifact (arrows). On
the other hand, the cytosomes (X) show almost no
vacuolization, arnd internal lamelli are less often
seen, The cytoplasm of the macrophage is relatively
well preserved, showing many forms of mycoplasma in the
cytoplasm, One body in the macrophage (curved arrow)
is somewhat similar in appearance to the cytosomes in
the tumor cells. Fixed in glutaraldehyde and posfw
fixed with OSO“, both buffered with cacodylate,

X 22,500,
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Figure 15. Tumor cells of a ten month old, urethans trsatsd,

Group V mouse -- effect of fixation. The fixative
iIIUStfated in this and in the preceding figure,
although good, does not always produce uniform results.
Also, several mitochondria (arrows) reveal poor
preservation., ILipid droplets (L) have been retained,
but are not as dark as usually seen with osmium-based
fixativesgv Fine cytoplaswic fibrils (F), ard the
internal structure of microvilli (MV) are well pre-
served, Fixed in glutareldehyde and postfixed with

OsOu, both buffered with cacodylate. X 22,900,
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Figure 16, Tumor cells of a fifteen month old urethane
treated, Groﬁp V mouse ~- effect of fixation., This
relatively low magnification picture reveals the effect
on tumor cells of the use of a glutaraldehyde-csmium
combined fixativevsolution. The appesrance of the
tissue is clearly denssr than when other fixatives are
useﬁ. Intracytoplasmic membrane systems are not
vniformally preéerVed. Mitochondria often show
vacuolization (arrows), Many of the cytosomes (X) are
solid, rather than lamellar, Centrioles (Cn) are well
pressrved, Fixed in glutaraldehyde-0s0, (1:1) com-

bination, buffered with cacodylate., X 13,100,
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Figuve 17, Tumorbcells of a2 fifteen month eold, ursthane
treated, Group V mouse -~ effect of fixation. These
ﬁumor cells, shown at moderate magnification, further
indicate the effect of the combined glutaraldehyde-
osmitm fixative., Membranes of mitochondria (Mit),
erdoplasmic reticulum (E), and Golgi apparatus (G) are
visualized with difficulty. Ribosomes are preserved
as ars the cytosomes (X) which appear dense and alwost
structureléss in this micrograph. Multivesicular
bodies (M) are irregular in shape, Fine fibrils (F)
throughout the cytoplasm are pressrved, but, except
for thoss located at the apical portion of the cell
(terminal web), are difficult to distinguish in the
dense cytoplasm, Fixed in glutaraldehyde-0:0, (1:1)

coubination, buffered with cacedylate, X 35,700,
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Figure 18, Tumor cells of a fiftesn month old, urethane

treated, Group V mouse -- effect of fixation,
Preservation of cyteplasmic elements with the combined
fixative used in this and the previous two illustrations
is not uniform., The tumor cells (T) contain cytosomes
having the lamellar form. An empty cleft (arrow)

appears in one cell, Gramles of the eosinophil (Eos)

in the adjacent capillary show both typiecal erystalleids
and atypical dense appsarances. Fixed in glutaraldehyde-
050, (1:1) combination, buffered with cacodylate,

X 13,800,
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Figurev19. Type B cell of an eleven week old, Group III
‘mouse -~ offect of urethans., This mouse received
drinking water containing urethane for two days. The
type B cell shown is similar to that seen in Fig. 5, in
that the cell appears to have been caught moving through
a narrow opening (straight arrows) in the alveolar wall.
The . cytosomes (X) have the lamellar form in this cell,
Multivesicular bodies (M) are present. An unvsual
structural configuration is noted (S) énd appears to
consist of a dilated, U-shaped leop of granular
endoplasmic reticulum. A basement membrane (B1)
separates the type B cell from the capillary endothelial

~cells (En). A characleristic long junction (curved
arrows) of type A and typs B cell cytoplasm occurs
where these two cell types mset. In three dimensloens,
this junction would look like a "cuff" arourd the sides

of the type B cell. Hpon embedded, RCA, X 21,000,
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Figure 20, Type B éell of an eleven weok old, Group III
ﬁouse -= effect of urethane., This mouse received
drinking‘water containing urethane for two days. The
typs B cell shown appears to be bridging the alveolar
septum between two adjacent alveolar ailr spaces., Dark,
lamellar, and vacuolated forms of cytosomes (X) occur

in this cell, Epon embsdded. X 13,8C0.
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Figurs 21. Type A cell of an eleven week old, Group 111
nouse -- effect of urethans. This mouse received
drinking water containing urethane for four days. A
type A alveolar epithelial cell is illustrated. The
perinuclear cytoplasm consists of & small amount of
rough endoplasmic reticulum (E), a small Golgi
appératus (G), and numerous vesicles adjacent
principally to the air space and basement membrans,
which are probably pinccytotic. Away from the peri-
nuclear region, the cytoplasm atbenuates very rapidly
(arrows) to line the greater portion of the alvoolar
surface, Generally, capillaries do not occur in the
alveolar wall irmediately adjacent to the nueleus of
the type A cell. Collagen (CF) and elastic (EF) fibsrs
are noted in the connective tissue of the alveolar

septur, Epon smbsdded., X 13,800,
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Figure 22. Type B cell of an eleven week old, Group IIL
mouse -- effect of urethare. This mouse received a
drinking water containing urethane for four days. The
type B cell appears to be very active as judged by the
présence of numerous mitochondria, multivesicular bodies,
cytosomss, and free ribosomes. Epon embsdded, RCA.

X 15,500,
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Figure 23. Typs B cell of a twelve week old, Group III
mouse -- effect of urethaﬁe. This mouse received
drinking water containing urethane for six days. A
vacuolated form of cylosoms in this typs B cell R
apbears to be in the process of opening into the
alveolar air space {arrouw). This cell does not show
obvious differences when compared to the previous

pictures in this series. Epon embadded. X 13,800,
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Figure 24, Tumor cells of an eighteen week old, Group III
POUSE == effeét of urethane, This mouse received
drinking water containing urethane for 55 days. This
micrograph illustrates a group of tumor cells (1)
enéroaching on normal alveolar tissue, The tumor
cells are secn to be morphologically similar to the
tyfg B cells previously showm. The juncticn (J)
between type A cell and tumor cell appsars to bs
jdentical to that found between type A ard type B cell

in normal lung. X 13,800,
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Figure 25. Tumor cells of a twelve moﬁth old, Gioup V mouse.
The tumor c2lls illustrated reveal several features
common to many, but not all such cells, With this
fixative, cytosomes (X) have a lamellar form, with the
exéeption of ons shown (thick arrow). This cylosome
appears as.if it is enclosed within another membranee
bound body, the latter containing loosely digpersed,
finely granular material. A large, membrans-enclosed,
vécuolated dense mass (thin arrow) occurs in one cell,
This structure has also been observed in other tumor
cells from time to time. Small inclusions are pressnt
in the tumor cell nuclei. DNuclear inclusions are

frequently found in tumor cells. X 13,800,
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Figure 26. Tumor cells of a sixtoen mopth old Group V mouse.
Portions of two tumor cells ars illustrated. The loose
joining together of these cells, mainly by inter-
digitating cytoplasmic processes is typical of most,.
bﬁt not all lung tumor cells, Short, relatively
straight stretches of closely apposed cell membranes of
adjacont cells may represent an attachment device
referrsd to as adhsring zorulss, HMembranss of the
Golgi apparatus (G) are prominent throughout the cyto-
plasm, Endoplasmic reticulum (E), although moderately
abundaﬁt, runs loossly through the cell and is rarely
organized into regular sggregates or patterns,
Vesicles (V) are very mmerous in tumor cells, ard are
generally located in the Golgi regions. thaelear pores
(¥p), cut tongentially, are noted in ons esll.
Cytosomss (X) are plecworphic in many tumor cells.
Some are dense. One cytosoms (arrow head) has three
components: a dense crystalloid part, a less dense
granular paft, ard a vesicular part. Another (arrow)
contains a dense éart tending towards the lamellar form,
Fixed in glutaraldehyde-osmium (3:2) combination,
buffered with cacedylate, rinsed with buffer, and

postfized in 0504. X 22,900,
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Figure 27, Alveoli of a seven day oid, Group IV mouse e
effect of urethane, The mother of this mouse had
received drinking water containing urethane from the
13th through the 19th day of gestation., This moderately
low magnification picture shows portions of three type B
cells as well as other ¢ell types, The alveolar septum
is.somewhat thickened, and the comnective tissue cells
(CT) are very active in appearance, One examples of
apparent release of a cytosome from a type B cell is

noted (arrow). X 13,800,
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Figure 28, Type B cell of a seven day old, Group IV mouse ==

effect of urseihane. The mcther,of this mouse received
drinking water containing urethane from the 13th through
the 19th day of gestation. The type B cell shown
re&eals features already noted in this cell type.
Multivesicular bodies (M), cytosomes (X), and 2
peculiar configuration of the erdoplasmic reticulum (8)

are present. X 18,300,
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Figtre 29. Type B cell of a nine day old, Group IV mouse ==
effect of urethane. The mother of this mouse received
drinking water containing urethane during the last
three days of gestation and for the first three days
af£er delivery., The type B cell illustrated has
prominent Golgi regions (G), several cytosomes (X),
ard two forms of multivesicular body (M), The multi~
vesicular body closér to the mucleus is filled with
vesicles and that closer to the cell periphery has
ohly s few vesicles and is irrsgular in shape, The
relatively empty, irregular outermost multivesicular
body may be in the process of formation, whereas the

innermost body may bs fully formed, X 22,900,
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Figure 30, Type B cell of a seven day old, Group IV mouse --

effect of urethane, This higher magnification picturs
of the central type B cell shown in Fig, 27 reveals
goveral important feafures. The two cytosomes seen

are clearlyrmulticomponent in construction, having
lamellar, granular, and vesicular components., The body
noted by the arrow mey rspresent a section through
thevvesiéular portion of ancther cytosome. The endo-
plasmie reticulum (E) is characterigzed by the scarcity
of ribosomes attached to the membranes and the tendency
to form either in short straight or in crescentic seg-

. ments, Whore the endoplasmic reticulum takes the
unusval configuration seen at the bolttom of the wmicro-
graph (8), very few ribosomes are found attached to the
membranes, The close topographical relation bastween
the Golgi vesicles (V) ard multivesicular bodies is
frequently encountered. A thickening at the edges of
some muliivesicular bodies (arrow head) can be seen in
nany multivesicular bodies, gensrally the ones thought
to be forming, as noted in the previcus figure,

X 38,800.
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Figvere 31. Alveoiar macrophage of a nine day old, Group IV
mouse -~ effect of urethans, The mother of this mouse
had received drinking water containing.urethéne during
the last three déys of gestation and the first three
days following delivery, For purposes of comparison,
a macrophage (Mac) adjacent to the plasma membrans of
a type A alveolar ¢sll is shown, A broad pseudopod
(Ps) extends from one portion of the cell, Vacuolar
remnants of ingested materials, as well as various
pleomorphic dense bedies appear in the cytoplasm., Some
of the smaller of these dense bodies may represent

elementary bodies of mycoplasma. X 13,800,
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Figure 32, Tumor cells of a fqrty»ﬁhree day old, Group IV
mouse -- effect df urethans. The mother of this mouse
‘received drinking water containing urethane from the 12th
through the 1?th day of gestation. A group of tumor cells
bofders an air space in this micrograph, The cytosomes
in these cells are, for the most part, in a non.lamsllar
form, The underlying stromal elements are indicated.

X 8,400,
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Figure 33. Turmor cells of a fifty-six day old, Group Iv
mouse —= effect of urethane, The mother of this mouse

had received drinking water containing wrethane from

the 16th day of gestation through the 21st day foilowing

delivery. At this low magnification, the tumor cells
appear to grow as a sheet joined together by tight
junctions, interdigitating processes, and achering
zonules., In thess cells, cylesomes ars almost all
uniformly dense. The red blood cells at the bottom
of ths micrograph have probably leaked from cut

surfaces of the tissue into the air spaces. X 8,400,
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Figure 34. Tumor cells of & forty-three day old, Group IV
mouse -- effect of urethane, The mother of this mouse
received drinking water containing urethans from the
12th through the 17th day of gestation, In this low
magnification picture, the almost solid appearance of
the tumor is evident, Cytosomes are not mumerous, but
when they are present both solid and mixed-component

forms are seen, X 8,400,
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Figure 35. Tumor'cells of a fifty-six day old, Group IV mouse

~= effect of urethane, The mother of this mouse

received drinking water containing urethane from the

16th day of gestation until the 21st day following
delivery, The tumor cells shown at this moderate
magnification have 211 the characteristics of type B
cells, The cytosomes in these tumor cells appear in

211 the forms previously described., X 13,800,
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Figurav36. Tumor cells of a fifty-six day old, Group IV
mouse -- effect of urethane, The.mother of this mouse
received drinking water containing urethane from the
day of delivery through the 21st day following delivery.
Thé tumor cells illustrated appear to be very active and
give everybindication of being secretory in nature.

X 13,800,
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Figurev37. Tumor cells of a fortyathreébday old, Group IV
mouse, The mother of this mouse had received drinking
water containing urethene from the 12th through the 17th
day of gestation. Commencing with this picture, and
ex{ending through the next four figures, tumor cells

will be depicted wherein the cytosomes are not of the
lamellar form., At the moderate magnification of this
picture, many of these bodies are seen t6 nave a very
dense, and in some cases angular, internal structure

(arrows). X 13,800,
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Figure 38. Twmor cells of a forty-three day old, Group v
mouse - effect of urethans, The mother of this mouse
had received drinking water containing urethane from
the 12th thréugh the 17th day of gestation. The tumor
cell illustrated contains several cytosumes with included
erystalloids, One such body (triangle) contains vesicles

: of?the same size as those fourd in the multivesicular

bodies elsewhere in the celli, X 22,900.
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‘Figure 39. Tumor cells of a fifty-six day old, Grouwp IV
mouse -- effect of urethans. The mother of this mouse
had received drinxing water containing urethane from
the 16th day of gestation through the 21st day feollowing
deiivery. As in the previous figure, the cytcplasmie
bodies are dense, and in some cases angular, prosenting
a crystalline appearance, Fine fibrils (F) spoear in
different areas of the cytoplasm, An apparent relatlon
of Golgi membranes to coated vesicles is noteﬁ at the

top of the micrograph (arrow heads). X 22,900.
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Figuré Lo, Tumor cellsbof a fifty-six day old, Group IV
mouse -- effect of urethane., The mother of this mouss:
received drinking water éontaining urethane from the
16th day of gestation through the 2ist day-following
delivery, The two tumor cells illustrated are located
at the edge of normal lung tissue. An extensive Golgi
apparatus (G) is evident in both tumor cells. A large,
perHaps forming, multivesicular body (M), and the
U-shaped endoplasmie reticulum configuration (S8) are

rotsed, X 22,900,
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Figure 41, Tumor cell and macrophage of a fifty-six day old,
Group IV mouse. The mother of this mouse had received
drinking water containing urethans from the 16th day of
gestation through the 21ist day following delivery. A
c&mparison of pertions of macrophage ard tumor cell
cytoplasm is offered in this illustration. At this
magnification, the cell types are differentiated by
noting the junchional complex between tumor cells, the
mierovilli along the apical borders of the tumor cells,
and'the ﬁacrophage pseudopod. A confusing feature is
the siﬁilarity betwsen dense bodies in the macrophage

and in tke tumor cells, X 22,900,
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Figura>42. Tumor cells of a fifty-six day old, Group IV
mouse -~ effect of urethane, Tissue is from the sams
animal as shown in the previous two figures. This
illustration reveals, in addition to the extremely
wiaespread Golgi region in the tumor cells, many denss,
irregular bodies (small arrows) within tumor eolls
which could be confused with similar bodiss in macro-
phages, In the tumor eslls such structurss are
probably peculiar sections through cytoscmes formed as
the one shown in the lower left corner (large arrow).

X 22,900,
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Figurs 43; Tumor cells of a twelve month old, untreated,
Group I mouse, This miorogfaph»illustrates tumor eslls
ard stroma from a typical "spontaneous" tumor., The
endothelialwlined capillary is surrourded by & base-
ment membrans, which 14 s SHIeY taRdY to B alnsiua]
in that there is a proliferation of fine fibrils that
merge with the basement membrane often obscuring it.
Adjacent to the endothelium, and partly surrounding
the capillary, are thin cytoplasmic processes from some
unknown cell (Y), a pericyte, or possibly a fibroblast.
A baseﬁent membrane separates these celiular proceszes
from the tumor cells, The bases of the tumor cells are
both smooth and irregular giving an impression, in the
latter caso, of lack of contact with the conmective
tissue elements, The tumor cells are similar to others
shown previously. The cytosomes in these cells appear,
for the most part, in the densze, lamsllar form.

Fpon embedded. X 13,800,
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Figure 44, Tumor cell of a sixteen month old, untreated,
Group I mouse. The tumor cell illustrated is in
Juxtaposition to an‘areé of non-neoplastic lung tissue,
the air spaces of which are noted to contain debris
from degenerated cells. Fibrin is not seen,
indicating that the bleod vessels in this area have
not broken, The attenvated cytoplasm of the type &
cells (A) still remains., In the mucleus of the active
appearing tumor cells, thers are, in addition to the
nucleolus (Ne), and chromafin rasses (CM), two small bodies

(arrows) morphologically similar to discrete structures,

called nuclear bodies, found in other cell types.

X 13,800,
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Figure 45. Tumor csll of a twenty-ons month old, untreated,
Group I mouse. This cell from a "spontaneously” occur-
ring pulmoﬁary adenoma illustrates the very active
appearance of tumor cells in animals of this age,
Particularly abundant in the ¢8ll shown are small
vesicles (V) characterized by a fuzzy exterior, the
so-éalled coated vgsicles. In the nucleus, in additicn
to the nucleolus, there is noted a small denss,

granular body (arrow), and z small zone containing

fine fibrils (arrow head). X 22,900.
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Figure 46, Tumor cell of a twelve month old, untreated,
Group I mouse., Pleomorphism of cytosomes is illustrated
in this mierograph. Most of these bodises consisi of
the three components previously noted, Coated vesicles
(V) are numerous near the Golgi region., One vesicle
(arrow) appears to be budding off from a Golgl membrane.

Epon embedded. X 22,900,

Figure 47. Type B cell of a seven day old, Group IV mouse,
The mother of this mouse had recsived drinking water
containing ursthans from the 13th through the 19th day
of gestation., In this cell, there is close structural
similarity bstween a plasma membrane infolding at the
side of the cell (curved arrow) ard coated vesicles,

A Golgi apparatus is also immediately adjacent to this
area, as are multivesicular bodies, One of the
cytosomes (straight arrow) may represent & transitional
form between multivesicular body ard cytosome, The
granlar endeplasmic reticuvlum shows the irregiar
shapes charactariétic of the type B and tumor cells.

X 34,900,
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Figure 48, Tumor cell of a sixteen month old, untreated,
Group I mouse, Portions of two adjacent tumor cells
are illustrated., The body indicated by the arrow
appears to be similar, in part, to a multivesicular
body, and in part to a lamellar form of cytosome,

X 22,900,

Figure 49, Type B cell of a nine day old, Group IV mouse.
" The mother of this mouse had received drinking water
containing urethane from the last three days of
gestation through the third day following delivery.

One of the cytosomes in this micrograph (arrow) is
similar tq the ons noted in the figure above. Both
irdicate that the cytosome may arise from the mlti-

vesicular body. X 22,900,






126

Figure 50, Tumor ¢&ll of a fifty-six day old, Group IV mouse.
The mother of this mouse had received drirking water
containing urethane from the 16th day of gestation
through the 2ist day following delivery. The nulti-
‘vesicular bodies shown have different densities,
different degrees of regularity of outline, and one
seems to bo open to the cytoplasm at one side (arrow).

X 38,000,

Figure 5§, Tumor cell of a fifty-six day old, Group IV mouse,
The tissue was from the same mouse as in the figure
above, The diverse forms taken by the cytosomes are
shdwn in this micrograph., It would appear that the dark,
lamellar portion of the bodies is cup-like, being
U-shaped in longitudinal section‘(single arrow) and
circular in cross section (double arrow). The two
bodies noted by the solid arrows preseht aspects of

" both rultivesicular bodies and cytosomes and way
represent intermediate forms. A possible assembly of
a multivesicular body from Golgi vesicles is noted

(hollew arrow). X‘38,800.
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Figure 52. Tumor cell of a fifteen month old, Group V mouse.
The appearance of ths various cell components varies
according ﬁo the fixstive used, as indicated in ths
initial series of illustrations. Following
Aglutaraldehydenosmium,combination fixation, the
cytosomes of the tumor cell are relatively dense
and' contain very dark, membrane enclosed vesicles,

Tissue fixed in glutaraldehyde-OsOu (1:1) combination,

X 67,300.

Figure 53, Tumor cell of a fifteen month old, Group V mouse,
A multivesicular body of a cell, fixed as in the
figure above, contains well preserved coated vesicles.

The contour of this bedy is irregular. X 34,000,
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Figure 54. Tumor cells of a fifty-six day old, Group IV
mouse. The mother of this mouse had received drinking
water céntaining urethane from the day of delivery
through the 21st day following delivery. This micro-
graph, again, shows the marked effect of fixation on
organelle structure. The cytosomes reveal the
typical three componsnts preserved by osmium fixation,
There is a suggestion of crystalleid structure in one

of these bodies (arrow). X 67,300,
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Figure 55. Tumor cell of a forty-three day old, Group IV
 mouse, The mothér of this wmouse héd received drinking

water containing urethane from the 12th through the
17th day of gestation. As seen in previous figures,'
many of the cytosomﬁs contain dense components having
cry?talloid shape, The erystalloids in the cytosomes
of this cell do not reveal a ecrystalline substructure

at this magnification and with this fixative, X 22,300,

Figure 56, Tumor cell of 2 fifteen month old, Group V
mouse, The use of a combined glularaldehyde-ssmium
fixative produces several differences in tissue ultra.
structure, 1In this mierograph, the eytosomes are seen
to lack the lcose lamellar component, instead, 2
definitely erystalline inclusion is present (arrow).
An enlargement of this eytosome is shown in Fig. 58.
Following fixation with the combined fixative, the cyto-
somes present a relatively uniform, oveld shape, zbout
6000 £ by 8000 8. The memLranc-bound cytosomes contain,
in addition to the crystalline material, non-crystalline
dense substances, and membransesnclosed vesicles of
various sizes., Fixed in glutaraldehyde-OsOu (121)

combination, X 22,900,
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Figurs 57, Tumor cell of a fifteen month old, Group V mouse,
At a higher magnification than in the previous figure,
the crystalline nature of the cytosomal component is
better visualized, In section, the erystal appears as
thin rods in parallel array. This appearance could bs
‘obtained if the erystal were made up of parallel plates.
When sectioned at approximately right angles to the
plates, these would appear as thin rods, Planes of
section approximately parallel to the plates would
pfoduce a relatively dense mass, The multicomponent
nature of the cytosomss are clearly seen with this
fixation and may be compared to that seen with csmium
fixation, Fig. 54, Fixed in glutaraldehyde-0s0; (1:1)

combination, X 67,300,

Figure 58. An enlargement of a part of Fig. 56. The

regular array of the crystal is apparent. X 48,000,
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Figure 59. Tumor cell of a fifteen month old, Group V

mouse., The cytosoma shown is enclosed by a single
membrans having unit membrane structure., The crystal
ﬁithin the cytosome consists of dark and iight bands,
eaéh approximately 33 % wide. There is a suggestion
that the dark bands fray off at the sides of the
erystel tc give irregular bands somewhat similar to

the.lamelli observed with other fixatives., X 272,820.

Figure 60, Tumor cell of a fifty-six day old, Group IV

mouse. The mother of this mouse had received

drinking water containing urethane from the 16th day
of gestation through the 21ist day following delivery.
Accumulations of glycogen (arrow) in tumor cells is
common in some tumors but absent in others. The
angular empty spaces in the glycogen region are
probably artifacts of fixation, however there is a
close resemblance between these spaces and the

U-shaped endoplasmic reticulum configuration previcusly

noted, X 22,900,
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Fig.

Fig.

61, Tumor cell of a fifty-six day old, Group IV mouse,
This is tissue from the same mouse as shown in Fig. 60.
The glycogen mass>in this tumor cell is not assocliated
with the membranss and empty spaces seen in the

previous figure., It is to be noted that tumor cells
coritaining an accumulation of glycogen tend not to have
a well developed Golgi apparatus, and contain relatively

fewer cytosomes., X 22,900,

62, Tumor cells of a sixteen month old, Group V mouse.
Rarely, membrane~enclosed regions (arrows) containing
irregular, granular material surrounded by slightly
dense matrix substance are fourd in tumor cells., These
irregular granules are considered to be made up of

glycogen particles. X 22,900,
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Figure 63. Tumor cell of a twenty-ons month old, Group I

mouse, A portion of a tumor cell, bordering what is
probably a non-functionsl air space, reveals possible
excretion of cytosomal material from the cell,

X 22,900,

Figure 6%, Tumor cell of a fifteen month old, Group V mouse.

With gluteraldehyde-osuium combination fixative, some
atypical, membrane-bourd bodies (arrowhsads) occcur.
These irregularly shaped bodies contain small vesicles
(in one body shown) and a homogensous matrix substance.
The enclosing membrane appears to be thicker than
mitochondriél and cytosomal membranes. The outer
meﬁbrana of one multivesicular body (hollow arrow)
appears to be contacting, and possibly fusing with, tihe

nmembrane of small vesicles, X 22,900,
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Figure 65, Tumor cell of a twenty-one mohth old, Grouﬁ I
mouse, This tumor cell appears to be bi-nucleated.
Both nuclei contain various inclusions. Some "inclusions"
are probably more properly interproted as fortultous
seétions through pertions of an irregularly contoured
segmont of nucleus that includes bits of cytoplasm.
Other inclusions (I) are probably true inclusions,

of unkoown nature, X 22,900.
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Figure 66, Type B cell of & twelve month old, Group I

tumor-bearing mouse, The type B cell illustrated
occurred in a normal portion of lung near an adenona.
The csll is very active in appearance and contains

numerous cytosomes, Epon embedded, X 8,400,
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Figure 67. Type B cell of & twelve month old, Group V,
tumorubearing mouse., Portions of two cells are shown.
The cell above is thought to be a normai type B alvsolar
"cell. The cell below is considered to be a tumor cell.
If this interpretation is correct, there wouvld be soms
difference in structure between the two cell types, at
least in this example, The difference lies primarily
in the greater deﬁsity of the cytoplasm of the cell

identified as a tumor cell, X 13,800,
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Figure 68, Tumor cells of a twenty-one month old, Group I

mouse. A rare finding is the capacity ol pericapillary
tumor cells for partial attenuation of cytoplasm in a
fashion which mimies that of type A alveolar cells.

X 8,400,
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Figure 69, Macrophage of a forty-three day old, Group IV
mouse, The mother of this mouse had received drinking
water containing urethans from the 12th through the 17th
day of gestation, A part of a macrophage within a tumor
is depicted. The similarity between macrophage and
tumor eell can be very great, Identifying features are:
1) lack of junctional complex between macrophage and
tunor cells, 2) relative absence of short, narrow micro-
villi at the macrophage border, and 3) presence of pleo-
morphic¢ materials in the macrophage cytoplasm,

X 22,900,

Figure 70. MAcrophage of a forty-three day old, Group IV
mouse, The tissue was taken from the same animal as
in the above figurg.’ This micrograph affords an
additional compariscn of macrophage to tumor cell,

X 22,900,
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Figure 71. Macrophage and tumor cells of a fifteen month old,
Group V mouse, The pleomorphic bodies sesn in macro-
phages do not always serve to distinguish thess cells
from tumor cells, In this micrograph, an area of normal
luﬁg is being invaded by twmor cells. The large,
phagocytized body in the macrophage in the center of
the picture is not altogether unlike a body ocecurring
ir what is thought to bs a tumsr cell in the figufe

bslow. X 8,400,

Figure 72, Tumor cells of a fifteen month old, Group V
mouse. Although the magnification of the micrograph
ard the fixation of the tissue is different from that
in the figure above, similarity exists between the
large bodies seen in both cells, Identification of
the cell in this figure as a tumor cell is based on
the presence of cytosomes not included in this
picture, Howsver, this cell shows other features’of
a typical macrophage, ard it is possible that the
identification is incorrect. X 22,900,

Fixed in glutaraldehydewOsO“ (1:1) combination.,
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Figure 73. Macfophage ard tvmor cells of a fifty-six day
old, Group IV mouse, The mother of this mouse had
received drinking water containing urethane from the
16th day of gestation through the 21st day following
delivery., The portion of cytoplasm shown is filled
with what are considered to be the several forms of
mycéplasma. The forms vary from a curved, thin,
dense, membraneabqunded structure with an internal
dense lamina, to rourd or irregularly shaped bodies
ranging in sigze from about 1000 £ in diameter to about
1500 R Ey 10,000 2. Iarger, membrane-bounded bodies,
about ono~half to one micron in diameter have the sanme
density as the smaller forms., The smeller bodies}may
represent elemertary bodies of myccoplasma ard the
larger onss mey be more mature forms of the organism,

X 22,900,
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Figure 7#. Macrophage of a fifty-six day old, Group IV
mﬁuse, Tissue was from the sawe animal as in the previous
figure, The-stfucture of elementary bodies of mycoplasma
(thin arrows), and what is believed to be more mature
forms (thick arrows), can be compared, Note, however,
that the body at the bottom of the micrograph, and
thoée near it, have a thick enclosing membrane,
whereas that at the left-center of the picture has
a thin enclosing membrane, It may be that the latter
body is, in reality, a cytosegrosome, and is not

related to the mycoplasma., X 48,000,








