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Lung Tumors of Primates and Rodents

Part 11}

Gerrit W. K. Schepers, M.D., D.Sc.

The materials reviewed include 269 industrially induced hiwman lung cancers and-
276 pulmonary neoplasmata, which developed in monkeys. rabbits, guinea pigs
and rats after inhnlation exposure or intratracheal injection of 266 chemical
substances. The animal tumors developed in 10,768 experimental subjects,
whereas 4,143 control animals, marched tor sex, age arid survival, showed no
tumors. In addition to neoplasia, there wcrc large numbers of lesions that werc
judged to be pre-neoplastic. The morphology of the animal tumors is compared
with that of human tumors and some homologies were identified. A tentative
explanation of the histogenesis of morphological varieties of animal tumors is

offered.

MOPPHOLOGY OF LUKG TUMORS

In Table 18, a classification is presented of the
anatomical features of the tumors observed in the
animals of this series of experiments. The Table also lists
" a few lesions that appear to be tumor precursors. It is
fully appreciated that this classification does riot entirely
correspond with classificatory schemata that previously
have been published by other authors. It is not intended
that this classification substitute for other systems.
Table 18 is based entirely on the histological variables
observed in the animals personally studied.
Adenomatoid Carcinomata

The most prevalent tumor was the adenomatoid
variety. This term is proposed since the tumor, though
invariably malignant, mimics the histoarchitecture of the
pulmonary adenoma frequently found in mice. The
tumor grows marginally and invades the lung without
compressing it. There may be central fibrosis, but
sometimes the tumor remains epithelial throughout. The
adenomatoid tumor was often multifocal when first
discovered. This may signify simultaneous carcinogenesis
at multiple sites, but may also be indicative of early
intrapulmonary metastases.

By expanding progressively, multiple nodules oftcn
werc palpable within excised lung tissue. Many tumors
lie superficially, so that they present 3t the surface (Fig.
6A). Others lie deeper and are only scen on section (Fig.
6B). Tumors varied in stages of development. Gross
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turmess often were in juxtaposition to Icsions requiring
microscopic demonstration.

Adenomatoid tumors presented as several morphologi-
cal varieties. The basic lesion appeared to be the acinoid
variety in which rougly circular ssccules lined by a single
layer of epithelium are juxtaposed to one another (Fig.
60). The cells lining these acini varied fran low cuboidal
to columnar epithelium and sometimes goblet cells

predominated. The acini may be empty or may contain |

desquamated epithelial cells, polymorphonuclear leuko-
cytco or koniophages. hlucopolysaccharidr could dc

demonstrated in some acini, but not in all. A cellular and

sometimes a fibrous stroma sometimes separated the

acini, but often acini show minimal non-tumorous”

material between them.
These relatively bcnign-weming tumors metastasized

readily and could be homotransplanted to subcutaneous .

tissue whence dissemination to other organs readily
occurred. Mectastases occurred unpredictably. Relatively

small primary tumors sometimes produced cnormous .

secondary lesions at an early stage. In other instances,
relatively large and destructive lung tumors failed to
spread beyond the thorax until very late.

The most frequent metastatic site was the kidney (Fig.
6D). These tumors almost invariably located in the senal
cortex, and by progressive and rapid enlargement, bulzed
through the rcnal capsule. Thought was given to the
possibility that such rcnal tumors were primary lesions
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TABLE 18, Pulinonory Tumors Experimentally Induced — Animal
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A NEOPLASTIC .
ltistologic Qrpanization
Adenomatoid
Acinold
- Papilligeroid
Circinoid
Mucigeroid

-

Epidermoid
Desquamative

Multilayered

Mesothelioid

Lymphomatoid

Miked

O PRE-NEOPLASTIC
- Alveolar Epithelialization

Bronchiolar Epithelial

.- Plaque Metaplasia
Granulomaloris
Lymphoid Hy perplasia
Pleural Plague Formation
Pleural Mesciheliniizaton
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Cytologic Variants .
Cuboidal Cell

Columnar Cell H
Goblet Cell

Small Cell
Large Cell
Plcomorphic
Squamold
Pearl Forming
Keratinizing

Cimect b s el T -

Fibroblasts
. Mesothelial Cell
Endothetial Ccll

Lymphocy tic
Reticulocytic
Alveologenic
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Bronchiologenic
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caused by' the hemic transportation of the absorbed
carcinogen to the renal cortex. There are three reasons
for rejecting this hypothesis, namely, @ no carcinogenic

test substance could be demonstrated in the renal tumor; -

(b) histologically, the renal metastasis closely resembled
the pulmonary lesion; (c) renal metastases often oc-
curred during homo-transplant experiments even
through the 5th generation (Table 17).

Other common sites of metastases included regional
lymph nodes, the adrenals, liver, spleen, brain and even
bone.

The next variant of the adenomatoid tumor has been
designated papilligeroid. The gross morphology of this
tumor # not clearly different from that of the preceding
type, but on lung section (Fig. 7A) it could often be
noted that this tumor is less clearly defined at the
margins, seeming to invade pulmonary parenchyma more
irregularly and tending less to bulge out under the
pleura.

Histologically, this tumor is cliaracterized by the
prevalence of micropapillomata (Fig. 7B). These may
project into acini or the papillary growths may branch so
widely and irregularly that no acinoid elements are
preserved. In most instances. these tumors are non-
secretory, so that N0 mucopolysaccharides could be
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demonstrated in the spaces around the micro-villi. Some
desquamation of superficial cells otcurred in most areas.
Often the pedicles of the villi comprised a double
epithelial structure with vigorous mitoses in low cuboi-
dal hyperchromatic cells. Occasionally, some papillee
were covered with mixtures of cuboidal and colusinar
cells. o

A circinate variant of tumor was observed In soine
instances (Fig. 7TC). Histologically, this tumor may bc
intermediate between the acinoid and papilligeroid
tumors. Characteristically, several plications of single
layered cpithclium were found as coiled shests within
acinoid spaces. These coils may represent modified
papilli or may be the result of duplication of the
epithelial lining of acinoid lesions. That this variant of
tumor architecture was not merely an isolated, fortui-
tous genetic aberration was evidcrit when the identical
pattern was recapitulated in rcnal metastases of second
generation homotransplants (Fig. D).

A fourth variant of the adenomatoid neoplasm of this
series of experiments has been designated mucizeroid.
These tumors were macroscopically identifiable (Fig.
8A). The naked cye appearance Of tuinors that reached
the lung surface was that of a bluish grey ¢glistening cyst
which conformed with the lung contours instead of

9




Mmm"mmm

2 e

£
/‘ ~¥" ,I ;

e ~"é'°:.'~"4‘f"o .\.“ S

LY U ey q

#‘3’-’#"'4: e, ia% % r-‘? N4 g

-';{f\.- m-"t%z-. -':-":‘:.‘r;v;'z L 0N SRR . .\7'

m 1 3,

«?, z;“'~~ :):-“.

X -y

35N ert

pAN < L

1-,“::. &

FIGURE 6. Adenomatoid carcl.
noma induced by inhalation oOf
beryllium sulphate (12 +/ft?):
Rats

A. Gross Morphology of Lung:
Continirour exposure for 14
months. Multiple tumors are
discernable;

B. Coronal Section of Lung:
Three (3) discreto tumors are
present in a single plane and
alymphnodecontiins mata-
static tumor. Exposure for6

BT months plus nomol air 6
o — - months;

Serm

. C. Acinoid Histology:

6 months BeSO, followed
by 8 months normal alt.
Neoplasm cONSists of vesicles
lined by polyploid cuboidal
epithelial cells;

D. Metastatic Renal Tumor:
Pdmary lung tumor found
alter 15 months was homo-
transplanted to subcutane-
ous tissue through two (2)
generations. The renal meta-

. stasiswas histologically iden-
tical to tho primary lung
tumor.

bulging through the pleura 3s did other more solid
tumors. On lung section, the tumors could easily be
overlooked since they did not possess the cellularity of
the preceding lesions (Fig. 83). The “cysts” did not
drain empty when cut, but resembled 2 jelly held
together in epithelial saccules and supported by delicate
stromal elements: Hivtologically, the lesion is of the
acinoid vsriety, but the‘saccules are much larger and this
may be due to distension by accumulated mucopolysac-
charide. The ssccules arc lined by altemating zones of
cuboidal, columnar and goblet ccll epith+ticm, Along the
edges of the mucus-filled spaces, small circuisr epithe-
lium-lined structures represent the actively growing
clements of the tumor. Thesc marginal protrusions
provide 3 dark edging to the cysts as scen in Qross
section.

At first these mucigeroid tumors were viewed as
relatively benign Icsions or as representing an end siage

10

of a previously more active lesion. Onhomotransplanta.
tion, this concept was dispelled. The tumors readily
reproduced in the host tissue and disxminsted diffusely.
The mucigerous propensity tended to be lost aftcr one
or two transplantations and the tumor became perpetu-
atcd as a highly celtular lesion in which some attempt at
acinus formation persisted (Fig. 8D).

Epidermoid Carcinomata
The next group of tumors has been designated

-epidermoid. They are cliaracterized by epithelia which

tcnd to grow in multiple layers rather than as single
sheets of cclls plicated to form acini or papilli as in the
adcnornatoid tumors. Morphologically. all these tumors
tended to be relatively solid and circumscribed (Fig.
9A), brit two basic histological types were differentiated
namely, desquamative and multilayered.

The desquamative variant appears to represent a
transition from tlic acinoid variety. Histologically, a
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FIGURE 7. Adenomatoid carcinoma:
Inhalation  exposure to  beryllium
acrosols: Rats
A. Coronal Section of Lung:
Inhalation 0i. BeSO, (12 7/117)
for 6 monthstoiiowed by quartz
dust (30 mp/ft’) for 6 months,
Multiple regular tumors invade
tung parenchyma,

. Papilligernid Histology:
Inhalation exposure to BeF,
(1.36 y/fe*) lor 14 months. Tu-
mor consists of papillary projec-
tions of hyperchromatic
cuboidal neoplastic celis.

C. Giscinoid Histology:
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vesicular pattern could usually be made out, but the
tumor tends to be almost solidly celtuler. The acini are
filled with cells that hive desquamated from the
proliferating epithelium (Fig. 9B). The germinal epithel-
ium may remain denuded. It may also heap up into
ceilular villi, so that some parts of the epithelium are
multilayered (Fig. 9C). Mitosis continues in the des-
. quamated cells or_in cells' adhering to the basal layer
before desquamation (Fig. 9D). The cells vary insize and
shape. In some tumors, they arc predominatingly small.
In others, most of the desquamated cells are relatively
large, Sometimes cell types are mixed and this pleomor-
phism may include multinucleated neoplastic giant cclls.

In the second variant of the epidermoid tumor, the
epithelium is regulatly multilaminated or stratified.
Again, these tumors tend to be almost solidly cellufar
and form discrete nodules (Fig. 10A). In the simplest
variety the epithelial layers arc reduplicated, o that the
tumor presents a highly cellular appearance (Fie. 108).
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There may be littlc differentiation betweei the cellsor -
there may bc abortive stages in the establishment of
transitional, pseudostratified and stratified epitheliunme
(Fig. 10C and 10D). The component cclls of this
multilaycrcd epithelivit appear to adhcrc either to the
basement membrane by means of delicate ccll pedicles,
or are joined together by intercellutar bridges. Acantho-
sis is, however, not a regularly observed feature.

The multilayered epidermoid tumor includes a quite
prevalent squamoid variant. These tumors tend to grow
large locally and are-dense or hard on palpation (Fig.
1IA). The abundant, but usually no erythrocytes were
discernible the form of plaques of. keratin-dense flat-
tcned cclls. At this stage, the squamoid cclls still contain
hyperchromatic nutlci showing prevatent and atypical
mitosis (Fig. |In). There is a tendency to whorling of
the epithelial squamous cell: and typical epithelial pearls
were often the result (Fig. $1C). In other squamoid
tumors, keratinization predaminates. The keratin is laid
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FIGURE 8. hlucigeroid pulmonary
adenocarcinoma: Inhalationexposute
to BESO, (12y/f1*): Rats
A. Gross Morphology:
After 12 months ReSO, fol-
lowed by 6 months normal air.
Multiple cyst-like tumors dis-
cermable underpleura;
B. Coronal Section:
BeSO, 6 months plus 10
. b ", months normsl air. Multiple .
. parabronchial amorphous le-
. . d(ilnsaxe edged by dark staining
cells:
. C Mucigeroid Histology:
. Fringe zone of lesion shovm in
¢ 8. The tumorconsists of vigor
ously growing acini which par-
tially fill with mucinous materi-
#l and desquamated cells;
D. Second Generation Homo-
transplant:
Hepatic raetastasis of tumor
shown in 8B and C. Abortive
acini are recreated among wildly
proliferating neoplastic eziis.
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FIGURE 9. Epidermoid pulmonary
carcinoma with transitional desqua-
mative histology

A. Coronal Section:

Rat Lung: Inhalation of BeSO,
(12 9/f*) for 6 months fol-
lowed by normal air for 10
months. Highly cellular pulmo-
nary tumor and metastasis to
regional lymph node;
. Desquamative Type:

Rat Lung: Exposure as for 9\,
The histology is transitional be-
tween acinoid adenocarcincina
and epidermoid ezrcinoma, In
some acini, al} layers of cells
have desquamated, In others,
only superficia cells have
dropped ofT;

C. I'=udo-Stradited Histology:

Rabbit Lung Zinc manganese
beryllium silicate (0.74 mg/ft*)
for 9 months plus normal air for
6 months. Epithelial cells are
piled several fayers thick at some
Ircations, but each cell reaches
bisermnsnt membrane;
. Mululayered Epithelium:
Rat Lun3: Berylhium phosphate
{0.11 mg/{t?) for 6 months plus
normal air for 6 months. Note
atypical mitosis within the
epithelial layers. Suatification
hasnotdeveloped.
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FIGURE 10. Epidermoid pulmonary
carcinoma with plicated histology
A Tumor Nodule Gross Section:
Guintn Pig Lung: Inhalation ex-
posure to coal dust for 10
months followed by normal air
for 32 months. Tumor tissue
stainsintensely because of high
cellular content;

. Multilaminated Epithdium:

. Monkey Lung: Inhalation of

BeHPO, (373 7/01*) for ten
(10) days followed by normal
it for 82 days. Acinoid pattern
is preserved, but several layers of
epithelium are present threugh.
out;
Pscudo-Stratified  Epithelium:
Guirea Pig Lung: Hematite dust
for 42 months followed by nor-
mal air for 9 munths, Although
ccll nuclei are atdifferent favels,
the cytoplasm appears to reach
the basementmembraneinmost
cases;

. Stratified Epithelium:

Rat Lung: B250, 10 months
plus nonmal air 10 months, The
tumor trabecnlae 2re composed
of multiple ccll layers with ap-
parent «tratilied organization,
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FIGURE 11. Epidermoid pulmonary
carcinoma with squamoid histology

A. Tumor Nodule: Gross Section
Rat Lung: BeSO, (12v/ft*)for
6 months then Fe,0, (10
mg/ft?) far 12menths followcd
by normal air for 1 month. One
of several discrete tumors in
these lungs;

B. Squamoid Histology:
Guinea Pig Lung: BeO (1.4
4/t?) for 12 months. Note flat-
tening of surface cells of tumor
epithelium, which also shows
pe-sistent mitosis at a distance
from the basal fayer;

C. Pcarl Formation:
Monkey Lungz: BeHPO, (373
7/11*) for 10 days plus normal
air for 82 days. Some of the
irregularly growing neoplastic
cells are whorled lo create an
epithelial peart;

D. Keratinization:
Rat Lunz: BeSO, for IS
months. Squamoid carcinoma
predominates and acinoid
spaces are Tiled with layers of
keratin.
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FIGURE 12 Pulmonary mesothelioid
tumor
A. Gross Morphology:
RavLung: BeSO, for 12months
plus normal air for 6 months.
The massive projection from the
surface is the mesotheliod tu-
mor. Other lesions are In—
ulmonary neoplasmata;

- B ) B. Gross Section: '
LAY N T . 3 e . Rat Lung: BeSO, for 6 months
N '. '“’ 3 .:,L‘c_‘h‘ § \L”; then quartz dust for l0months. |
& aamn oy TR TR Tumor is attached to lung by
d 4 "> ;
A X% Tl Rry” S ettt
et - ‘- v ‘Y. et o . esotheliol stology:
e e . o~ Rat Lune: BeSO, for 6 months
;..'.';‘:'B;J. ‘-3;3 \Q?\:{.‘?ﬂ ,l plus nornal air for 12 months.
p - D AN ‘r_;:\'.:) ¢ Densely cellular pleural tumor
%%‘__;. e %‘:‘;%:1 7 2"& metastasized widely;
T I iy SN D. Homotsansplant Histology:
% g‘. A &“ 2 3o . Rat Spleen: Second generation
!75 '."-::’; n ‘T} 14 - 'f'_f,- subcutaneous homotransplant
"y ° ?'f@%, fi‘:g #5358 metastasized to spleen. Tumur
LR b T M e - consists of cellular trabecutae
PA Y 78‘%5: g P Mo 1 'g-";k; without intervening stroma or
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down in multiple laminae and mostly seems to represent tumors appeared to be highly malignant, metastasized
compressed hyperkeratinized epithelial cells. In some early and remotely and could be readily transplanted.
cases, no vestiges of cell structure could be identified in When regrown in 2 host organ. the mesothelioid tumor’
the keratinized zones. formed solid cell masses or irregular cellular trabeculae

without stroma or vascular elements (Fig. 12D).

Mesothelioid Tumor In some instances,” the mesothelioid tumors were

. This tumor generally was readily identifiable because it highly vascularized and endothelial proliferation’ oc-
projected from the surface of the lung in an obstrusive curred along with the mesothelial proliferation. Capillary
manner (Fig. 12A). On section, the continuity of the loops were abundant, but usually no erythrocytes were
tumor with the lung could be demonstrated (Fig. 12B). discernable suggesting that thex capillaries zre derived
This illustration demonstrates well that the tumor is from pleural lymphatics rather than small blood vessels.
superficial to the plane of lung and there is no In other instances, the mesothelial tumors werc com-
parenchymal lesion in the lung opposite the point of posed mainly of proliferating fibroblasts with some
insertion of the sessile tumor pedicle. The tumor presses interstitial infiltration of lymphocytes and histiocytes. A
into the lung, which conforms to the shape of the firal subvariant of the mesothelioid tumor is charae-
tumor. "terized by the presence of acinar patterns. Thistumor is

Most of these mesothelioid tumors appear to start as indistinguishable from the adenomatoid intrapulmonary
solidly cellular neoplastic growths attached to the outer tumors previously described and probably represents a
surface of the lung (Fig. 12C). As they grow larger. cortical pulmonary tumor which has eraded through the
further histological organization takes place, a pedicle pleura. This tumor may. thercforc, be designated the
forms and stromal elements may appear.” The cellular alvealogenic or pscudomeso thelioid tumor.
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FIGURE 13. Lymphomatoid lung tu-
mors )

A. Gross Section: .
Rat Lung: B2SO, (12+/ft*)for
& months plus chrysotile (226
rp/fe*) for 6months Three(3)
wmors in this plane of section

B. Lymph Node Metastases:
Rat Lung: BeQ (1.4mg/ft>) for
& months then quartz dust (10
mp/ft*) for 8 months. The
lymph node metastases of a pri-
mary lung tumor predominate;

C. TumorCytolozy:
Rat Lung: Same exposure as
13A. The tumors consisted
throaghout of such hyper-
chromatic anaplastic cells;

D. Pizcomorphic Cy tology:
Rat Lung: BeSO, for 6 months
plus normal 2ir 10 months.
Multinucteated giant cells are
present,

Lymphomatoid Tumor

Some of the experimental animals displayed lympho-
matoid tumors. That these tumors originated within the
lung itself was well demonstrated in several instances
when no extrapulmonary counterparts were demon-
steable (Fig. 13A). More usually the pulmonary tumor
rapidly involved the regional thoracic lymph nodes
which enlarged to prodigious proportions (Fig. 13B).
‘The tumor also disseminated to both extra thoracic
lymph nodes and to_other organs. Cytologically, the
tumor consists of two varieties. The first has rather
uniform cells with minimal cytoplasm and large hyper-
chromatic nuclei. These cells resemble lymphocytes or
plasma cells (Fig. 13C). The second variety is comprised
of larger cells with more vesicular nuclei and cytoplasm.
Sometimes giant multinucleated cells were present (Fig.
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13D). On applying silver stains. a delicate reticular
stromal meshwork could generally be demonstrated.

Mixed Tumors

in several instances, moie than one histological type of
tumor was demonstrable in the same set of lungs. In
some animals the histology of tumor metastasas also was
significantly different from that of the primasy lung
tumor. Thus, when the predominating pulmenary tumor
was a squamoid carcinoma, the renal or hepatic metas-
tasis was either a medullary or an acinoid type of lesion.
This pleopotentialism of the tumors of this series was
again demonstrated by the frequency witlt swhich tumors
changed in histology as they progressed through succes-
sive gencratigns or metastasized to different organs
during homo-transplant expzriments (Tavle 17). The
inference appears justified that the detailed tumor

17



victaloow amav he influenced by factors other than the
eXteancously applied carcinogenic stimulus,
Prencoplastic Lesions

Every morphological stage of transition {rom normal
fung tis Fm to true neoplasia could by identit \x.d h\ this
serics Of experimental animals,

Epithelialication of alveolar surfaces was the most
obtrusive festure. Several varieties were observed, The
alveologenic lcsion  commenced in isolation within
alveoli remote from bronchiolar structures. Somctimcs
these Icsions were most prevalent within subpleurad
alveoli. 1y tlic carliest phases, isolated sectors of alveolar
surfaces displayed epithelial plaques with polyploid
hyperchromatic cclls (Fig. 14A). At later developmental

PL

stages, individual alveoli were observed to bc completely*

cpithclialized. In the next step, papillary projections into
the epithelialized spacescould bc observed (Fig. 148). It
takes littlc imagination to deduce how the acinoid and
papilligeroid tumors could dcrive from thesc epithelia-
lized vesicles.

That the epidermoid tumor is not merely a complica-
tion of the preceding structures is revealed by the
discovery of primordial plaques of multilayered prolifer-
ating centers at discrete parenchymal locations. In some
instances, the plaque remained clearly cellular and this
may be the prccursor of a multilayered epidcrrnoid
tumor (Fig. 14C). In other instances, squamoid plaques
could be discerned on the surfaces of alveolar vesicles
where no other ccllular aberrations had yet developed
(Fig. 14D). Perhaps these squamous plaques are the'way
some squamoid carcinomata start.

Epithelialization of alveolar spaces may also derive
from bronchiolar epithelium (Fig. 15A). Such cpiihelia-
lized areas lic either to one side of, or surround a
bronchiole or alvcolnr of epithelialization and ncoplasti-
genesis. This phenomenon may bc goblet cclls. Mucus
and cellular detritus m3y also accumulate within the
distorted parabronchiolar alveoli. It scems likely that
this type of Icsion may be the precursor of the
mucigeroid vatiety of adenomatoid carcinoma.

Very rarely there werc preneoplastic epithelial changes
within the bronchioles. Sometimes these were relatively
diffuse (Fig. 15B) and at other times there was focal
proliferation only (Fig- 15C). Sincc no endobronchial
tumors were obscrved in this series of experiments, it
seems possible that neoplasia, originating from a group
of cclls within a sheet of bronchial epithelium, may
quickly metastasize to alveolar regions arid proliferate
fhercinstcad of at the original site (Fig. 15D),

Pleural plaque formation may be onc variety of
prccursor to the mesothelioid tumor. Most plaques
consisted of local accumulations of fibroblasts and
lymphogenic cells which spread laterally over the surface
of the pleura, retaining a sessile point of attachment to
the pleura. Sometimes the plaque h3s no lesion opposirc
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it in tlic lung (Fig. 1GR). At other times, the plague
appears to be an extension of a subcortical fibrocellular
lesion (Fig, 168), Pleueal tumors may also derive from
neoplastic change of tlic mesothelial epithelium. Under
the stimulus of some inhaled chemical agents, the
mesothelium proliferates to form a continuous or*
discontinuous pseudocuboidal epithellum (Fig. 16C).
Occasional foci of reduptication and papilloma forma-
tion in this mesothelium may bc the immediate pre-
cursor of the tumor. These mesothelial cclls also
desquainate and could be observed in aspisates Of pleural
fluid. Sincc parenchymal tumors oftcn arose in tissue
immcdiatcly subjacent to the pleura, the demonstration
of ulceration cf such a tumor through the pleura secms
pcrtinent  (Fig. 16D). The plaque, which is forming
where the turaor iSeroding through, may be desipnated a
malignant plaque. ,

The pulmonary granuloma may also represent a
prccursor to carcinogenesis. The graphs of Fig. 3
illustrate how the cvolution of granulomatosis runs
parallel to the cmergence of epithelialization and nco-
plasiogenesis. This phenomenon occurred not only with
BeO, but also during experiments with BeSQ,, BeF4 and
ZnMnBeSi0,.

The typical granuloma contains several cellular elc-
ments which may embryonate to tuniors. Some granu-
lomata arc composed mainly of large cclls with vesicular
nuclei which may dcrive fromalveolar g cclls(Fig. 17A).
It is possible that neoplastic transformation of thew cclls
may account for the squamoid tumors which were
sometimes scen to develop on the basis of a granuloma
(Fig. 17B). Other granulomata arc composed mainly of
plasm cclls arid lymphocytes (Fig. 17C). It seems likely
that thcse cclls could represent the precursors Of
lymphomatoid tumors of the type rcpresented in Fig,
13C, Some granulomata also become covered by a
cuboidal epithelium (Fig. 17D). This layer may dcrivc
from alveolar 8 ccll. In 3scnse, thisarrangement merely
represents alveolar epithelialization in-another anatomi-
cal location and may have the same relationship to lung
tumors as has the epithelialization previously discussed.

HOMOLOGIES

The aforementioned scrics of tracheal injections and
inhalation cxpcriments were designed to cast light on tlic
biclogical potentials of industrial substanccs. TO a large
extent. this objective was achicved, including dcmonstra-
tion of the selective carcinogenicity of certain materials.
A few features, however, remain unclarified. These
concern the comparative morphology of human dnd
animal lung caneers.

Human lung neoplasmata may bc classified as in Table
19. At first glance there appears to be little resernblance
to the classification of the tumors induced in monkeys,
rabbits, guinea pigs and rats (Table 18).
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"‘ . TABLE 19 Pulmonary Neoplasia = Human

PEAS Y cart T SRR TR AR AT 2t AT Y & At B R AR BT R MU T T M Khe € SRR AT AL ia i D" Y o Sl

Orixin Denign

Malignant

Epithehoid

malizniry Of the 2wl rumors could be established.
Most pathologss dstinguish, with rewonabie, con-
fidence, between benign and malignant neoplasms of the
human lung. For the animal lesions this was not possible.
Tumors with quits simple histological characteristics,
and lacking the cviological criteria of human malig-
nancy, often proved highly invasive, metastasized widely
and could bz transplanted through many generations,
Or'  the ap Of experimentally induced lesions
desizzated .. :-neoplastic’ probably were ""benign*and
would perhaps represent animal homologues of human
benign tumors. )

A szcond mjor difference between the animal and the
hummn tumors lies in the paucity of mesodermoid
lesions in the former. In animals the only Icsions that
matched with similar lesions in man were the lymphoma.
toid and mesothelioid tumors.

The third major difierence lies in the fact that the
anirml tumors arose in the pulmonary parenchyma,
wherz2s, primary human lung tumors arc frequently
located in the bronchi. One explanation for chis differ-
ence may be based on as yet poorly defined anatomical
homologies betwezn the human and animal lung. It may
be possible that the portions of the human bronchial
tract, which are the sites where lung cancer usually
manifests itself (Fig. 18A), correspond to structures
which are designated bronchioles, alveolar ducts and
peri- or parabronchiolar alveoli in animals (Fig. 18B). An
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Hronchial Papitloma Epldermoid (squamous)
caucinona |
Atlcnoma * Adenocarcinoma
*Curcinoid"’ Acinary
- . . Oncocytic Papitlary - ) .
Cylindroid Mucoid a
- Parenchymal Bronchiolar metaplasia Anaplastic carcinoma
Oat, Round. Small.
Spindle, Giant Cell types
Atyplcal proliferation Cascinosarcoma
Mesodermoid .
Bronchial Fibroma, Linoma Fibrosarcoma
Chondroma, Ostsoma Osteocondrosarcoma ' :
Myoma Lejomyosarcoma ;
: Neuroma Neuroblastoma ;
Parenchymal Hemangloma (capillaty, Hemangiosarcoma '
. cavernous, endothetioma) Malignant Lymphoma .
Hodgkins Sarcoma .
Congenital Hamartoma Teratosarcoma :
Teratoma
Pleusal
Mesothelioma  Fibroid plaque Fibrosarcoma
Cellular plaque Mesotheliosarcoma .
. Endotheliosarcoma
S0 morphological ~-'~ MU GAnveen benignity and alternative explanation may be that human lung tumors

are seldom seen at the carly stage possible in animals.
Perhaps in man the earliest Icsion is neccsrarily over-
looked. The bronchial carcinoma which the pathologist
identifies, at a late stage in the cvolutiori of the disease,
really may bc a bronchid lymphatic metastasis which
grows more rapidly than and obscures a primary
parenchymal tumor. In many cases of conventional
bronchial cancer, a condition known as “‘cancerous
pneumonia’ is seen (Fig. 18C). The presency of neo-’
plastic cells on the alveolar surfaces usually is presumed
to be due to aspiration and secondary imp!zntation of
bronchia! cancerous cells. However, in these cases there
frequently are completely epithelialized alveoli closely
resembling the alveolar adenomatoid neoplasm of ani-
mals. The possibility must be considered that in some
cases at least there alveolar neoplastic cells represent the
original tumor, whereas, the bronchial Icsion represents 2
metasta .. ldentical lesions were observed in experi-
mental animals (Fig. 18D) in which no bronchial
neoplasia was present to create a possibility of retro-
grade implantation of rumor cclls on the alveolar
surfaces.

Most human lung tumors which historically have
provided the ''type’ morphologic patterns from which
cxisting classifications were construed, derived from
relatively old human subjects. By contract. tlie experi-
mentally induccd animal tUMOrS reviewed iN this ac-
count dsveloped relatively carly within the hie span of
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4y e o asind oo RN TN logenic epithelialization
FPIRS A= TR i RSP B 1 BRI iyt W Ve )
Lo M, iSan s ,:‘}_: > 4 DR ARG - A Isolated Cuboidaj Cells:
ISR E 1 4 PRI I S A I i SR e i Rat Lung: Inhalation exposure
SR ANCN 2 &% -_',-,‘:L_/‘_{ F AT R - to BeSO, (12 4/t’) fot 6
; B months. Dyskaryotic cells alter.
: = nate with normal septal cells;
i j; ;_— . ' B Completely Epithelialized Alves
N \H: olus:
- Guinea Pig Lung: Flux caleined
‘ . diatomite (I mg/ft?) for 12
“. months. Tlustrates complete
T . coverage Of alveolar spaces with

Yow cuboidal epithelium and in-
cipient papilla formation:

C. Epidermoid  Epithelialization:
Rabbit Lung: ZaMaReSiO, for
6 monlhr plus normal air for3 . -
months. [solated parenchymal
focus with proliferated mulid.
Iaminated alveolar epithelium;

D. Squamoid Plaque:
Monkey Lung: BeF, for 1
nionth plus normal air for 2
months. Squamous epithelium

. has foullyreplaced slveotarand
. ductal epithelium,
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FIGURE 15. Bionchiologenic Epithes

lial Metaplasia % 2IR5
A Perbronchial Epitheliadlization: A P SV A
- Rat Lung: Welding fume ex- 1l ﬁ-@%wm'qir;rtff:” *
posure for 6 months. Extznsion 2 LR e T Y
of bronchialar epithelium into NI IS F
adjacent alveolar spaces: C

B Bronchial Meplasia:
Guinea Piz Lung: Inhalation for -
21 months of on aerosolized . .
mixture of particulate tungsten - |
@rbdide 75% and cobalt metal Lo ‘
25%. The hyperplastic epithes . - .-
lium has Conned snicropapilli or \
rugas, soms Of which are ul-
ceratingand desquamating ¢ells;

C. Bronchiolar Micropapilosis:
Guinea hg Lung: Inhalation of .-
giass wool dust for 42 months. -
Local proliferation of bron-
¢hiolar  epithelium forms a
sessile  mictopapilloma, Glass -
spicule isdiscernible); . c

D. Broachiologenic  Epithefializa- : .
tion: |
Guinen Pig Lung: Same animal
as 15C, Proliferating cluster of
epithetial cells may represent
transplanted bronchiolar papil-
loma cells or may represent
independent local alveologenic
epithelialization.
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FIGURE 16. Precursors of pleural
mesothelioid tumors

A Pleural Plaque:
Guinea Pig Lung: 12 months
inhalation exposure o an aego-
sol of particulate mixed rare
earth oxides;

B Subpleural Lesion:
Guined Pig Lung: 12 months
inhalation exposure to aerosol-
fzed particulate tungsten
carbide. The lesion has par-
meated the pleura and has
spread over the surface to form a
plaque;

C Pleural Mesotheliatization:
Rat Lung: ReF, (1.36 4/{t*) for
6 months foliowed by normal
air for 3 months. Cuboidal celis
derive from pleural mesothes
lium;

D. Erosion of Tumor Through
Pleura:
Rat Lung: [ulmionary meta-
stasis  from a subcutaneous
homotransplant  has  eroded

* through the pleura to form a

necoplastic pseudo plaque.
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FIGURE 18. Homologics batween
humanand animal lunyg tumors

A Human Respirator). Tract:
Coronal section of human
lung prepared Ly Gough
technique  demonstrating .
three (3) maut common loca-+
tions of site of origin of tu-
mors, namely, bronchus (a),
lung parenchymaand, pleura

B. (€)imal Respiratory

Pas-
sages:
Microphotograph of guinea
piz lung showing bron-
chioles, alveolar ducts and
acini. In the present wries of
cxperiments, tumorns were
not observed in the bronchi
(2) or bronchioles, but were
confined b lung par..
enchyma (b);

C. Cancerous Preumonia:
Human lung showing neo-
plastic  cells  attached to
surfaces of alveolar septa;

D. Neoplastic Epithelialization:
Rat lung showing ncoplastic
cells attached toand perhaps -
arising in situ from alveolar
septal cells,

23




. . SR LA ¥ TN AP Tl B
. < - . ot t. o Lo
) ) ne \“q.\‘\\.f.' \‘gglx Yo i.}‘ r”‘/'ir");‘ A ‘Ju‘" :
AL QN St 5 Y] S A s .
": ; y @; ﬂ’-":'f':-‘:": :‘:o\ )"V/“O 'l;"'(?\.;\ [t (.'l'.d\fa"‘.'
J AR N e e N T Al T
4 4""‘. YR .’}‘ ‘-.‘f " \ \-Cf'/.. K1) ' .._\ : vu‘ ié
Y R .L‘\.Q-‘. L Y )

’ i » g
N A - et e . ;-. O‘.~‘ oo, LR AR “. n '-\. A
I / ;3‘.".“‘; ‘et bt fa;.'h ) S 0{" 97/ \\&. “'\"Ii .)-‘
)] .

I Vi 9 B . "Q A . ¢ [ .l‘.',‘"‘:‘.f,

'4""};"-.". RPN A I 4 ?fy AR
: ¢ SR L PN S S 2/ /A7 '.-.\,‘. 20
s ',--.__;-",o.‘- \fx-';t{q?h‘; BRI (\ , f 4 v 3\:?’["
13 :.’ i . ) X ' !' N ! >
;(Q.“ P:‘\L’::""o‘"f:ov s:t' }Q‘"'\ ! . ;-d ’.Y’!'l “hgu‘,-.“g \;‘

2 Ny 8Lt Taas’ e ad vAG NS §

Vo Ao e DN Wt T2 BN L e , bl £

) "b't: ﬁ"'-ﬂa"’l;." Pt of ‘.2.;"1 .-“\.‘p. (230 ,‘ké:_\, NS , ”\y 4

AT L N B AT R LY 5 vy 2 s Jo NN
' i s s AR USEReday o
R AN A TS LR A S S ALl /6 S sk

?""3'-’" u\“.'n'h'z..-“yr N e » L e NI Al
Q$‘ 3 L a'".‘-.:q&.““:f&‘a\" ’... r,--. v J" ‘,Y,‘_ 2T ~ J"/ :;’

‘. & 5 e a e\ e [ ? .. .

l;”" g, STy '.:';3'.3- s A 40 .2 6}";?‘&{.{
"\':\-‘? '\0;\, ta m‘,".': .'4"..::‘ . . \ .’/.._;"."‘.'-
-. - ™ ."P .....-.\\ :‘.‘ . “ s - .' .'3‘::}'
‘: ta ® ".‘ u.‘ \ N ‘.'....-\ — )\’A.‘n- .o

Dok P
I o) ) T ~ . 4 -

SQp SRR WNE S e LSS Y

oSNNI R LY S R AR O NPT PP

W o e SORTVANSAEWN LY ¢ BTN e e A .
FIGURE 17, Pulmonary granulomata as - -3t ~b§‘ﬂ)':“f"‘:})ﬁ' oot e,y VG ~¢~’.’£‘99' P
precursors of t*mors ‘e LN A r I AN % N -
A. Macrocellutar Granuloraa: - - Caealilel

ak
Monkey Lung: Inhalation of ¢ D
BeHPO, (373 4/ft*) for 10 days
followed by normal air for 82 days.
The predominating cells are large,
with vesicular nuclei and may rep-
resentalveolar gcells:
b. Squamoid Derivative of Granu- .
" loma: - :
Rat Lung: Inhalation of BeSO, for
10 months then Fe,O, for 6
months followed by normal air for ’
3 months. The squamoid cells may B
derive from the g cells of Fig. 17A; - .
C. Microcellular Granuloma:
Guinea Pig Lung: Inhalation Of BcOQ -
(.72 mg/ft*) for 8 months then .
normal air for 3 months. Predomi- . .
nating cclls are plasmacytes and >
lymphocytes: . e
D. Epithelialized Granuloma: : . N -
Rabbit Lung: Inhalation of silicic . - |
acid mist for 6 months then normat . . \
air for 3 months. Core of granuloma '
consists of g cells and fibroblasts,
Over the surface of the granutoma
there is a continuum of cuboidal
epithetial cells.
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HISTOGENESIS
OF
ADENOMATOID CARCINOMA

A r—m—rr—ﬁ—ﬂ::‘r—v—i—-—n

FIGURE 13. Histogenesis of adenomatoid carcinoma

A. Tumor cclls arising in respiratory ‘cpithclium showin
lateral polarity; -

B. Tumor cells spreading over tespiratory epithelium;

C. Tumor ¢=lls retaining secretory potential;

D. Acinus derives by evagination of epithelium;

E. Acinus in filled with secretory material;

F. The papilligeroid tumor anses by formation of papilla
within epithelialized acinus;

G. Origin of circinoid histological Icsion.

the experimental subjects. In this sense, ths hurian and
animal tumors may, thercforc, not be strictly cumpara. -
blc. This comparatively brief observation period may
also account for the lack of lung tumors in the control
animals. The animals that developed tumors were rela-
tively intensely exposed to substances that thereby were
proven to be carcinogenic at such dosage levels. Human
tumors, on the contrary, arise after much less intense
exposure to ncoplasiogenic agents. TS difference m3y
help to account for the contrasting norpholozy and
topography of human and animal tuinors.

Final thought may be given to the possibility of
finding an explanation for tlic diversity of anatomical
tumors that were observed in this experimental series, a
diversity that also characterizes human lung cancer.
Figures 19 and 20 repsesent schematic explanations or
clarifications 01 these phenomena. The adenomatoid
neoplasm may result from dominance of lateral polarity
of epithelial cells. It is postulated that cach tumor may
arise from neoplastic tzansformation 0f a single celi With
a propensity for Iateral division (Fig. 19A), their
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HISTOGENESIS
oF
EPIDERMOID CARCINOMA

t e | A | ona '
Cox=rorelsne | oy [ 4ra

O}lo
Ol0}

n. g
e

hs rw

FIGURE 20. Histogenesis of epidermoid carcinoma
. Neoplastic cclls show vertical polarity:
. Epithelial neoplastic plaque;
. Desguzmative lesion;
. Graruloma type lesion or invasiveness;
. Origin of squamoid tumor;
. Keratinizatior, predominates;
. Plication of tumor plaque
epithetium;
. Multilay=red stratified epithelium lines pseudo-acinus.

With pseudo-stratified

daughters perpetuate this trend, and the result will be
sheets of neoplastic cells (Fig. 19B and C). If such a
sheet evaginates outward, the acinoid histology will

- -

result, Such acini way cemuin empty if the matignant
ccll is derived from a non-seeretory cell (Fig. 19D). 1f
tlic pre-malignant parent cell isa secietory or goblet ccll,
the mucigeroid tumor may result (Fig. 19E). If the *
expanding cpithelial sheet buckles Inwards, the papil- -
ligerofd histology will follow (Fig. 19F). The circinoid

lesion may either be an claboration of a pre-existing

papilla or may arise theough alternating phases in wliich

lateral and vertical polarity predominate successively
(Fig. 19G).

TO cxplain the genesis of tlic epideroid carcinoma, it
is necessary to postulate dominance Of vertical polarity
after an initial spurt of lateral polarity which creates a
nldus of neoplastic cclls (FFig. 20A). The initial effect
may bc that the plaque of tumor cclls (Fig. 20B) creates
successive generations of cells which separate or dese
quamatc from the pacent ccll (Fig. 20C). The cclls may-.
also adhere to form a multilaycred *"invasive®*cpithclium
(Fig. 20D). If the surface cells of the latter flatten and
manufacture keratin, the squamoid lesion will result
(Fig. 20E). Keratinization may bc the dominant feature
(Fig. 20F). The ecpithelial plague may also plicate
upwards (Fig. 20G) or downward (Fig. 20H). In the
latter case, rclativcly solid (medullary) Icsions may
result. The folds of epithelium may become organized as
pseudo-stratified or as stratified epithelium.

An ecxplanation why some cclls become neoplastic or
why only certain of the substances studied proved
neoplasiogenic cannot bc offered and must await further
reseazch, The peculiar atomic lattice of beryllium, which
makes it such a valuable metal in nuclear eneggy physics,
may also provide a key to the carcinogenic propensity of
this ¢clement.

Reprint requasts: industrial Medicine en6 Surgery, £,0. Box
7151, Fort Lauderdale, Fia, 33304.
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