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The materials reviewed include 269 in'dustrially induced h m a n  lung cancers and. . 
276 pulmonary neoplasmata, which devcloped 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 animds, 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 Lo 

. 

offered. 

MOP,DHC)LOGY OF LUKG TVYO?!c 
In Table 18, a classification is presentcd of the 

a~atomical  features of' thc tumors observed in the 
animals of this series of experiments. The Table also lists 
a few lesions that appear to  be tumor precursors. I t  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 thc histological variables 
obscrved in the animals personally studied. 
Adenomroid Carcinomnta 
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 mctastases. 

Ry expanding progressively, mu1 tiplc nodules oftcn 
werc palpable within cxciscd lung tissue. hlany tumors 
lic superficially, so that they present 3t the surface (Fig. 
6A). Others lie dccper and arc only scen on section (Fig. 
6B). Tumors varied in stages of  development. Gross 
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tuc,cr, oftcn we:e in jux:aposition to Icsions requiring 
microscopic demonstration. 

Adcnomatoid tumors prcscntcd as several morphologi- 
cal varieties. The basic lesion appeared to be the acinoid 
variety in which roudy circular ssccules lined by a single 
layer of epitheliiiin are juxtaposed to one another (Fig. 
6C). Thc e l l s  lining these acini varied from low cuboidal 
t o  columnar epithelium and sometimes goblet cells 
p;cdominated. Thc acini may be empty or may contain , 

desquamatcd epithelial cells, polymorphonuclear h k o -  
cytco or koniophages. hlucopolysaccharidr could dc 
dcmonslrated in some acini, but not in all. A cellular and 

' sometimes a fibrous stroma sometimes separated the 
acini, but oftcii acini show minimal non.tumorous' * 

material between them. 
These relatively bcnign-weming tumors metastasized 

rcadily and could be homotransplanted to subcutaneous . 
tissiie whcncc dissemination to other organs readily 
occurred. hlctastascs occurred unpredictably. Relatively 
smaU priniary tumors sometimes produced enornious . 
secondary lesions at  an early stage. In olhcr instances, 
relatively large and dzstructivc lung tumors failed to 
spread beyond the thorax until  vcry late. 

The most frccjuent metastatic site was the kidney (Fig. 
6D). Tlicsc tumors almost invariably locatcd in [fie ; e n d  
cortex, and by progressive and rapid cnlqyxnent, bulzed 
through thc rcnal capsule. Thoudit tvas given to the 
possibility t l i a  t such rcnal ttirnors wcre primary lesions 
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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, (3) no carcinogenic 
test substance could be demonstrated in the renal tomoi; 
(b) hiftologically, 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 adrensls, liver, spleen, brain and even 
bone. 

The next varimt of the adcnomatoirl tumor has been 
dcsignated papilligeroid. The gross morphology of this 
tumor iZ not c l e d y  different from that of the preceding 
type, but on lung scct.ion (Fig. 7A) it could often be 
noted that this tumor is less clearly defined a t  the 
margins, seeming to invade pulmonary parenchyrna more 
irregularly and tending less to bulge out under the 
pleura. 

I~istologically, this iumor is cliaracterized by thc 
prevdcnce of micropapillomata (Fig. 78). These may . 
project into x i n i  or thc p3pillxy growths m3y branch so 
widely and irreplarly that no xinoid  elements arc 
preserved. In most instances. these tumors are non- 
sccretory, so that no mucopolys~ccharides 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 2 double 
epithelial structure with vigorous rnitoscs in low ciiboi- 
dal hyperchromatic cells. Occasionslly, s o n  ;?3pillce 

. .. -. 

-. 

were covered with mixtures of cuboidal and c&;;inar 
cells. 

A circinate variant of tumor was observed in some 
instances (Fig. 7C). Histologically, this tumor m3y bc 
intermediate bctwcen the acinoid and papilligeroid 
tumors. Characteristically, several pIications of sing!? 
laycred cpithclium were found as coiled shcets within 
acinoid spaces. These coils may represent modified 
papilli o r  may be the result of duplication of the 
cpithelhl lining of acinoid Icsions. That this variant of 
tumor architecture v i3s  not merely an isolated, fortui- 
tous genetic aberration was evidcrit when the identical 
pattern was rccapitulated in rcnal rnetastascs of sccond 
genera tion homotransplants (Fig. 7D). 

A fourth variant of [lie adcnoiiiatoid ncophim of this 
serics of experiments has been designated niuciscroid. 
Tiicse tumors w r c  niacroscopically idcntifhblc (Fig. 
8A). The naked cye appcarancc of tumors t i n t  rcached 
the Ions surface was that of a bluish grey Slistcoing cyst 
which confornicd with tlie lung contours instcad of 
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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 cellulnrity of 
Lhc preceding lesions (Fig. 8B). The “cysts” did not 
drain empty when cut, but resembled 2 jclly held 
together i.q cpithelid saccules and supported by delicate 
stromd elements: Hi:tologicdly. the lesion is of the 
acinoid vsriety, but the‘ ucculcs arc much larger 3nd this 
may be due to Jistcnsion by accumulatcd mucopolyuc- 
h r i d e .  The ssccules arc lined by altcrnating zones of 
cuboidal, columnar 3nd goblet ccll cpith-1ic.n. Along the 
edges of the mucus-fillcd spaces, small circuisr epithc- 
lium-lined structures rcpresent thc actively growing 
elcments of the tumor. lhesc  msrgind protrusions 
provide 3 dark edGing to the cysts 3s scen in gross 
section. 

At first the% mucigeroid tumors were viewed 3s 
relatively bcnizn lcsions or 35 rrprescnling an cntl siagc 
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FIGURE 6. Adcnomitoid urd. 
noma induced by inhilalion of 
beryllium sulphrte (12 y/ft’): 
Rats 

A. Grou Sloq)holoLy of Lung: 
. Continirour exposurc for 14 

months. hlultipla tumors a m  
discernable; 

B. Coronal Scction of Lung: 
Three (3)dircrcto rumon nia 
present in n sindo plnnu nlid 
a lymph notleconLiins mab-  
slallc tumor. Exposure for6 
months plus nomil njx G 
months; 

6 months DeSO, followed 
by 8 months normd dr. 
Neoplasm consists of vesicles 
lined by polyploid cuboidal 
cpifhelial cells; 

Primary lung tumor found 
after 1S months was  h o m e  
transplanted to sukutanc- 
ous tissue through two (2) 

’ . p w r t t i o n r  ?he rena\ met> . sfasis was histololjcdy iden- 
tical to tho primary lung 
tumor. 

. C. Acinoid Hhto lo~:  

D. hfctiut~tic  RenalTunor: 

. 

of  a previously morc active lesion. On tiornotnnsplant3- 
tion, this concept was dispelled. Ilic tumors readily 
reproduced in the host tissue and disxminsted diffusely. 
The mucigerous propencity tcnded to be lost aftcr m c  
or two tr~nsplantationr and the tumor became pcrpeiu- 
atcd as a highly ccllular lesion in which some attempt a t  
acinus formation pcrsistcd (Fig. 8D). 
Epiiicrmoid Carnit omain 

Tlic ncxt group of tumors has bccn designated 
.cpidcrrnoid. Thcy 3rc cliaracterized by cpithelicl which 
tcnd to grow in multiple layers rpther than as single 
sheets of cclls plicatcd to form acini or ppi l l i  3s in the 
adcnornatoid tumors. Morphologically. all these tumors 
tended to be relatively solid and circumscribed (Fig. 
9A). brit two b s i c  Iiirfologicnl lypes were diffcrcntiatcd 
namely, dcsquaniative and multilayercd. 

Tlie dcsquamative variant s p p e m  to rcprcxnt ;1 

transition from tlic xinoid  varicty. €listologicnlIy, 3 

. 
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FIGURE 7. , \denomtoid carcinoma: 
hhalation exposure 16 beryllium 
acrorolr: RJCS 

Inhahdon oi. BcSO, (12 7/11') 
for 6 months f o l l o w d  by quartz 
dust (LO mplit') Cor 6 month,. 
Multiple r c p l u  tumors invade 
tuns p u w c h y m a  

Iniuhuon exposure IO RcF, 
(136 ylfr') lor 14 mont!!s. Tu- 
mor consists of papillary projcc- 
t i o n r  of hyperchromatic 
cuhidd ncoplistic cclk 

Xnhdition of BeSO, ( lIy/fP)  
for 1 I r n o n t !  Coiled sheets or 
tamor cgitheiium lie within 
qithclialized acini. 

The cirzinoid hisiolodc pattern 
pmisu LI a meturnis  10 the 
bo51 kidney aitcr 1st gcnention 
arkx-u~~eous  homotransplant 
of L ~ C  tunor  ~ 5 0 x 3  ii Fi; 7C 

A Coronal Section of Lung: 

B. Pqdligcroid kListology: 

C. CirAqoid Hinolog: 

D. Rend Netasusis: 

vcdcular pattern could usu3lly be rnxlc out, but the 
tumor tends to lx almost solidly cellul3r. The acini 3re 
filled with cells that hive desquamated from the 
proliienting epithelium (Fig. 9B). The germind cpithel- 
ium may r m $ n  denuded. I t  m3y also heap up into 
ccllulx villi, so th3t some parts of thc epiificlium are 
multilsyyered (Fig. 9C). Mitosis contimes in the des- 

. q u 3 m m d  cells or. in cells'adhering to the bas31 layer 
before dtquarnation (Fig. 9D). Thc cells vary in size and 
shape. In some tumors, thcy arc prcdominatinsly small. 
In orhe:s, most of the d c q u m a t c d  cells arc rclativdy 
Iargc. Sometimes cell types are mixed ant1 this plrornor- 
p h i n  rn3y include mulrinuclcnted neoplastic gimt cclls. 

In the second variant of  thl: epidermoid tumor, the 
epithelium is rcplJrly niultilaniin~tcd or stra tilicd. 
Ag3in. these tumors tend to be almost solidly ccllirl3r 
m d  form dixrere nodules (FI:. IOA). In the simplest 
vnrieri the epirhclid layers arc reduplicatcd, so h 3 t  ths 
tumor prcscnts a hi$ly ccllulx appcnrancc (Fie. 109). 
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l h c r e  may be littlc differentiation b e t w t i t  thc cells or ' - 
there may bc abortive stages in thc establishment of 
trmsitional, psrudostratilied and stratified cpithcliunt 
(Fig. iOC and 10D). Thc component cclls crf this 
multilaycrcd cpitlieliuiri spptnr to adhcrc either to the 
bnsernent rncmbrme by incans of delicatc ccll pedicles, 
o r  are joincd together by intcrccllulx bridges. Acantho- 
sis is, howcver, not 3 regularly observed f** LJiurc .  

The rnultilaycred cpidcrn!oid tumor includes a quite 
prevalent squamoid variant. Thew tumors tcnd to grow 
large locally and 3rc.dcrisc or h x d  on pdpation (Fig. 
1 IA). The abundant, but usually no erythrocytes were * 

discernible thc form of placpcs of. kcntin-dcnse flat- 
tcned cclls. A t  tliis stage, the squamoid cclls still c o n t i n  
hyperchromatic nutlci showing prwalcnt 31id atypical 
mitosis (Fig. I In).  Thcrc is n tcndcncy to wliorling of 
thc cpithclial squmious cell: and typicnl cpitlicli31 pc3rls 
were often tlrc rcsult (Fis. 1 IC). In  oilicr squamoid 
tumorr, 1:cratiniz;ition prcdomirinirs. TIu I;cr.iiin i j  laid 
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FIGURE 8. hlucigeroid pulmonary 
* adenocarcinoma: Inhalation cxpolttra . 

tomso,  (127/rts): R ; ~ U  
A. Crou X l o r p h o l o ~ :  

After 12 months RcSO, fob 
lowed by G months nomnrl air. 
Multiple cyst-like tumors d i e  
n m a b l e  under p l a n ;  

B. Coronal Section: 
&SO, 6 months plus 10 

' . months norm:l air. htultiplo 
parabronchid amorphous le- . dons are cdpd by daik staining 
cells: . C hfocigeroid Ihrtology: 
Fdnm rono of lesion shorn  in 
80. The tumor consistsofwgop . 
OudY graying acini which par- 
tially fil l  with mucinoos materi- 
rl and dcrquama ted cells; 

D. Second h e r 2  tion €!om+ 
tnnsplant: 
Hepatic r m t J S f 3 s i S  of tumor 
shown in 80 and C. Abortive 
acini are recreated among wildly 
proliferating neoplastic =us. 
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FIGURE 9. Epibrmoid pulmonL,  
caichomi aith tnmitiond desquj- 
m a t h  Mrrolo,ay 

Rat Lung: Inhdrtion of BeSO, 
(12 t / W )  for 6 months fol- 
l o w d  by normal air for 10 
months. Itimy celllllv pulm+ 
nuy runor and meLutuis to 
rcgional lymph node; 

B. Desquamative Type: 
Rat Lun:: Exponrre u for 9 ~ .  
The histo!og is trmsitiond bc- 
tween acinoid adenocucino,na 
and epidermoid ctr,inoml. In 
some acini, nll I J ~ C K  of cells 
have dcsqumatcd. In o h n ,  
only Nperiicisl cells have 
dropped o r ,  

Rabbit L u n g  Zinc mmganera 
beryllium silicate (0.74 m,n/ft') 
for 9 months plus n o m 4  air for 
6 months. EpilhcllJ cells (VC 

p h d  u v t r l l  layen thick at some 
lr.ations, bvt mch ceU reaches 
b w n e n t  n m b n i c :  

D. !JulUliycrcd Epithelium: 
Rat Lun:: Rerylltum phosphate 
(0.1 1 ngKt') for 6 months plus 
normd air for 6 months. h'ote 
atypical rnitods wthin the 
cpithelid layers. Stratiliation 
h w  notdcvcloped. 

A. Coronal Section: 

c h t u d * S h t i f i e d  lhtology: 
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FIGURE 10. Epirlcrmoid pulnionrry . 
carcinoma uith plicated histology 

A Tumor Xodule Gross Section: 
Guintn Pig Lung: Inhalation ex- 
posure to cod dust for 10 
months followcd by normal air 
for 32 months. Tumor tissue 
stains intrnwly twausa of high , 
ceUul3r contcn!; 

, Monkey Lun:: Inhalation of 
ncllW, (373 T/ft’) for tefi 
(10) days followed by n o m )  
sir for 82 diys. hcinoid pattern 
h prerrncd, but wverd Iayrrs of 
cpiUiclium Jre present throagh- 
out; 

C, rsrcid+Slrarified Epithelium: 
Giiirac3 Pig I.ung: flernitiic dust 
for 1 2  months followed by nor- 
mal air for 9 mclnUis. Although 
ccll nuclei arc a t  tliffercntlrvels, 
thc cytopl.ism appears to rc3c11 
b e  I~~scment  rnenihnncinmori 
c;lrer; 

Rat I.un5: [!?SO, 10 moiUls 
plus nc~rni:~I air IO rnont’rr nlc 
himor t r a b r i h c  2re conpo:en 
of niiilliple ccll I i y m  airh ap 
parent r trat i l icd orgnirabon. 
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D. Str:ct;licd Cpiihelium: 

- 



FIGURE 11. Eridetmoid pulmonary 
carcinoma ui5  squamoid histology 

ATumor Nodule: Gross Section 
ht Lung: BeSO, (17_7/CtJ)for 
6 months then Fe,O, (10 
m,n/ft’) for 12 months followcd 
by normal air for 1 month. One 
of ~ v e d  discrete tumors in 
these lungs; 

. Guinea Pig Lung: Be0  (1.4 
.r/fl’) for 11 months. Nett flat- 
tening or surface cells of tumor 
epiL9eIium. uhich also &OWS 
pc,rirlcnt m*toris at  a dirfmce 
from the basal layer; 

Monkey L u R ~ : .  BeHPO, (373 
.r/fI’) for 10 days plus n o n n d  
air for 82 &yr Some of the 
inepluly gowing neoplastic 
cells arc uhorled lo  create an 
epi1helial p a r t ;  

D. Kerntinintion: 
Rat Lunz: &SO, for IS 
months. Squmoid  carcinoma 
predominates and acinoid 
spaces are Tiled Ri th  laycn of 
keratin. 

B. Squamoid Histology: 

C Pcvl Fornition: 

. 

D 
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down in multiple laminae and mostly seems t o  represent 
compressed hyperkeratinized epithelial cells. In some 
cases, no vestiges of cell structure could be identified in 
the keratinized zones. 

Meso th elioid Trrrnor 
. This tumor generally was readily identifiable because it 
projected from the surface of  the lung in an obstrusive 
manner (Fig. 12A). On section, the continuity of the 
tumor with the lung could be demonstrated (Fig. l2B). 
n i s  illustration demonstrates well that the tumor is 
superficial to the plane of lung and thcre is no 
parenchymal lesion in the lung opposite the point of 
insertion of the sessile tumor pedicle. The tumor presses 
into the lung, which conforms to the shape of the 
tumor. 

Most of these mesothelioid tumors appear to start as 
solidly cellular neoplastic growths attached to the outer 
surface of the lung (Fig. 1X). As they grow larger. 
further histological organization takes place, a pedicle 
forms and s:romai elements may appear.’ The cellular 
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FIGURE 12 Pulmonary merolhdioid 
tunror 

Rat Lun:: BeSO, for 12nionths 
plus normal Jr  for 6 nionthr 
The massive projection from the 
surface is the merothcliod tu- 
mor. Other lesions are In- 

Rat Lung: &SO, for 6 months 
thm quartz dust for 10rnonth-s. , 
Tumor is  attached to lung by 
means of a sessile pedicle; 

Rat Lunc &SO, for 6 m o n h  
plus nonnd air for 12 months. 
Densely c c l l u l ~ ~  pieurd tumor 
metastasized widely; 

D. Hmotrmsplant Histology: 
. Rat Spleen: Second generatirm 

subcutaneous homotnnspln t 
metvt~nred to spleen. Turnvr 
consists of cellular traEmulse 
without intervening sfrorni or 
vascular elements 

A. Crovhlorpholo~: 

. . pulmonvy ncoplrrmrtj; 
B. Gross Section: 

. C blaolhelioid Histolos: 

. .. 
tumors appeared to be highly malignant, m;tastasiteb 
early and rcmotely and could be readily transplanted. 
When regrown in a host organ. thz mesothelioid tumor’ 
formed solid cell masses or irregular cellular trabeculae 
without stroma or vascular elements (Fig. 12D). 
In some instances,’ the mesothelioid turnon were 

highly vascularized and endothelid proliferation’ oc- 
curred along with the mesothelial proliferation. Capillar). 
loops were abundant, but usually no erythrocytes were 
discernable suggesting that t h e x  capillaries 2 r t  derived 
from pleural lymphatics rather than small blood vessels. 
In other instances, the mesothllal tumors werc com- 
posed mainly of prolifir3ting fibroblasts with some 
interstitial infiltration of lymphocytes and histiocytes. A 
final subvariant of the mesothelioid tumor is charac- 
’terized by the presence of acinar patterns. This tumor is 
indistinguishable from the adenomatoid intrapulmonaw 
tumors previously described and probably represents a 
cortical pulmonaq tumor which has eroded through the 
pleura. This tumor may. thercforc, be designated the 
alveologcnic or pscudomeso thelioid tumor. 
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FIGURE 13. Lymphomloid lung tu- 
mors 

A. G r w  Section: . 
Rat Lung: &SO, (12y/ft’)for 
6 months plus chrysotile (2% 
np/ft’) for 6 months Three (3) 
mmon in this plane of section 

B. Lymph Sode !JeCSFtyeS: 
Rst Lung: Be0 (1.4 mg/ft’) for 
6 monlho then quartz dust (10 
np/fts) for 8 months. The 
lymph node metaslves of P p i -  
mzry lung tumor predominate; 

R3t Lung: Ssme exposure as 
13.4. T h e  turnon consisted 
thro’iplout of such hyper- 
chromatic anapl25tic ceUs; 

Rat Lung: &SO, for 6 months 
plus normal air 10 months. 
hlultinucleated gimt cells are 
prevnt 

C. Tumor Cy tolop: 

D. RcomorphkCytoloZY: 

Lymphomtoid Tumor - .  

Some of the experimental animals displayed lympho- 
matoid tumors. That thew turnon originated within the 
lung itself w a s  well demonstrated in several instances 
when no extrapulmonary counterparts were dernon- 
strab!e (Fig. 13A). More usually the pulmonary tumor 
rapidly involved the regional thoracic lymph nodes 
w k c h  enlarged to prodigious proportions (Fig. 13B). 
‘fie 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 miriimal 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 g h n t  multinucleated cells w t r e  prcsent (Fig. 

. 

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 wme set of lungs. In 
some animals the histology of tumor E I C ~ ~ S ~ I ~ S  also was 
significantly different from that of the pr imnv lung 
tumor. Thus, when the predominating pulrnonary tumor 
was a squamoid carcinoma, the renal or hepatic rnetas- 
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 will1 which tumors 
changed in his tolog as they progressed through succes- 
sive gencratiqns or metastasized to different organs 
during homo-transplant expcrirnen 1s (Tzble 17). The 
inference appcars justified .. . that the detniled tumor 
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I G ,  cop /,I s fir- 1. c t iotr s 

Every l i i ~ r ~ , I i ' ~ I ~ ) ~ : i ~ ; i l  st;it;c of tr:insiiioir I'rorit iiorni:il  

lulig tissilc to true Iicoplasin could b'c iilcntilicd hi this 
scrics of cxpsrirricrit:il aniiiinls. , .  

~ ~ ~ i t I i e I i ~ ~ I i ~ a t i ~ t r  of alveolar su r fmx was tfic niclst 
o\)trusivc fcaturc. Scvcral varieties W C ~ C  obscrvcd. Tlic 
alvcologenic Icsion commcnccd i n  isolatioii within 
illvcoli rcrnotc froin bronchiolar structures. Somctimcs 
the= lcsions wcrc most prcvalcrlt within subplcurd 
alveoli. 1 1 1  tlic qrl icst  phascs, isolated q t o r s  of alvrtolar 
siirfaccs displayed epithelial plaques with polyploid 
hypcrchroinatic cclls (Fig. I4A). At latcr dcvclopmentnl 
stagcs, indiviclual alveoli \ k r e  observed to bc complctrtly' 
cpithclializcd. In thc next stcp, papillary projections into 
thc cpithclializcd spaces could bc obscrvcd (Fig. Iltn). It 
tnkcs littlc irnagination to dcduce how the acinoid and 
pqdligeroid tumors could dcrivc from thcsc epithelia- 
lized vcsicles. 

That the epidermoid tumor is not merely a complica- 
tion of the preccding structures is revealcd by the 
discovery of primordial plaques of multilayer'cd prolifer- 
ating c c n t m  st discrete parenchymal locations. In some 
instances, thc plaquc remained clearly cellular and this 
may be the prccursor of a multilayered epidcrrnoid 
tumor (Fig. 142). In other instances, squamoid glaques 

. could be discerncd on the surfaces of alveolx vcsicles 
wlicre n o  othcr ccllular aberrations had yet developed 
(Fig. 13D). Pcrliaps diese squmous plaques are the'way 
sornc squamoid carcinomata start. 

Epithelialization of alveolar spaccs may also derive 
from bronchiolir epithelium (Fig. ISA). Such cpiihelia- 
lized arcas lic either to one side of, o r  surround a 
bronchiole or alvcolnr of epithelialization and ncoplasti- 
gcnesis. This phcnomcnon may bc goblet cclls. Mucus 
3nd ccllular dctritus m3y also accumulate within thc 
distorted parabronchiolar alveoli. I t  scems likcly that 
this type of Icsion may be thc precursor of the 
riiucigcroid vacicty of ridenomatoid carcinoma. 

Very rarcly thcrc werc preneoplastic epithelial changes 
within the bronchioles. Sometimes these were rklatively 
diffuse (Fig. 15U) and at other times there was focal 
prolifcration only (Fig- 1 SC). Sincc no endobronchial 
tumors were obscrved in  ihis series o f  cxpcriments. it 
sccms possible that ncopl~sia, orizinating from a group 
of cclls within a sheet of bronchial cpitheliurn, rrtay 
quickly mctastnsiic to alvcolar rcgions arid prolifcratc 
fherc instcad of a t  the original sitc (Fig. ISD). 

Plcural plaque formation may be onc variety of 
prccursor to thc mesothelioid tumor. Most plaqucs 
consisted of local accuniulntions of fibroblasts and 
1yrnplio:enic cclls which sprcact latcrally over the surface 
of thc pleura, retainin;: a sessile point of artachrnent to 
thc plcura. Sornctimcs the plaquc h3s no lcsion opposirc 

r,1 n ( ,I y :I 1) i c' d ca r 2 i t I o p  t I i c s I i 11 I 11 I US. 
1. ' , 

* 

discoi1:inuous 'pscudocuboidd cpitliclium (Fig. 16C). 
Occasional foci of icduplication and papilloma for inn= 
tion in this mcsotliclium may bc thc imnicdiate prc- 
cursor of thc tumor. 'fficsc mesothclinl cclls also 
dcsquainatc and could bc obscrvcd in :tspiiatcs of pleural 
fluid. Sincc parencliymd tumors oftcn arosc in tissuc 
immcdiatcly subj:iccnt to the plcttra, thc dcmonstration 
of ulccrntion cf such n tunior throu~l i  Ihc pleura secms 
pcrtincnt (Fig. IGD). TIIP plnquc, which is forming 
wlicrc thc tufilor is eroding thro\iy)i, may bc dcsipatcd R 

IWI I igriiin t phque. 
The pulmonary granulornn may also represent k 

prccursor to  carcinogenesis. Tlrc graphs o f  Fig. 3 
illustrate how the cvolution of grnnulomatosis runs 
parallel ti, the cmergence of epithelialization and nco- 
plasiogencsis. This phenomenon occurred not  only with 
BeO, but also during expcrimentswith BcSO4, BeFl and 
ZnhlnDcSi04. 

Thc typical grmuloma contains scvcral ccllular elc- 
menfs which may embryonafc to tuniors. Some granu- 
lomata arc cdmposed mainly of lnrgc cclls with vesicular 
nuclei which may dcrive from alvcolarp cclls (Fig. 17A). 
It is possiblt that neoplastic transformation of thew cclls 
m y  account for the squamoid tumors wllich were 
sometimes =en to develop on the basis of n grandom:, 
(Fig. 17B). Other granulomata arc composed mainly of 
plasm cclls arid lyrnphocytcs (Fig. 17C). I t  seems likely 
tha t  thcse cclls could rcprrsent the precursors of 
lymphomatoid tumors of thc type rcprcsented in F i s  
13C. Some granulomata also bccome covered by 3 
cuboidal epithelium (Fig. 17D). This lnyer may dcrivc 
from alveolar P ccll:. In 3 scnw, this arrangement nicrcly 
represents alveolar epithelialization in-another analomi- 
clll location and may have thc sniiic rel~tionslrip to lung 
tumors as hits the epithelialization previously disassed. 

-. . 

it iii tlic lung (Fig. IGA). ct otlicr tinics, the 1daqtir: 
;Ippc:irs to bc 1111 cstciision of 3 sul)corticnl Iil)roccIlirI;ir 
Icsioti (FiL;. 1611). 1'lciir;il tiiiiiors iii:iy :ilso tlcrivc frorii 
n c q h t i c  clinn!;~ of tl ic nicroiliclinl cpi tlrcliurn. Uiidcr 
!tic stimulus of some in~int:(l  cliciiiical :igcnts, tilc 
mcsotlicliurn prolifcrntcs to form n coirtinuous or , 

1re:~IOLOCIES 
The aforen!cntioned scrics of tracheal injections and 

inhalation cxpcriments wcrc dcsigned to cast light on tlic 
biologicil potentids of inductrid substanccs. To a large 
extent. this objective was achicved, including dcmonstra- 
!ion of thc selective carcinogcnicity of ccriain ma~crials. 
A few fcaturcs, however, rcmain mclarified. Thcx 
concern the compar3tive morpholbgy of human 3nd 
animal lung cancers. 

Human lung ncoplasmata may bc classified as in Table 
19. At  fir51 ~ l a n c c  thcrc nppcnis to bc littlc rescrnblancc 
to  thc cIaisil?cat ion of the tumors in411ccd in monkeys, 
rabbits, guinea pigs a n d  rats (Tablc 18). 
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'TAI1I.E I 9 . ' I ' t i l ~ i c ~ i i a r y  Neoplasia - Ilitinnri 
-.*.e *" ..AA'UDJL*,-*mm.L ..-- &***IC* a *v-ia. f.. ILlirYiYl.-~*rri.-.U.I-U11.~.UL\"tN-I-.Lr---)S~~ 

r l l d I p / O I J l  
-____ ..-----.-------. . ----~--* .-l--.-c-I------- 

1:pldcmold (squamous) 
caxudnoini I 

Atlcnoma * Adcnocarcinonia 
"Curcinoid" hclnary . 

hrencliymal ilronchlolu mstapliuia hn3plutic carcinoma 
Oat, Round. Small. 
Splndle, Giant Cell typcr c 

Atyplctl prolifcr~tlon Carcinosarcoma 

Fibromit, Lipoma Fihrourcomr 
Chondroma, Oitaomn Oitcocondrourcoma 
Myoma k lomyourcoma 
Neuroma Neuroblastoma 

Slcsodennoid 

? 

- . e  
. .  Rrencliymd tlcmangioma (capillafy, Hemangiosarcoma 

Hodgkini Srcomr 
cavernous, cndolheliuma) hlallgnant Lymphoma 

Congenital Hamartoma Tentosarcoma 
Teratoma 

.\lcsothelioma Fibroid plaque Fibrosarcoma 
ceuulu plaque hlcsotheliosarcoma . 

Endothcliowcorni 
._ . .- - _. - .. . 

- - , -  

So r~$~o?ogicl i  ~ - ' ~ m u o n  benveen benignity and altemativc explanation niny be that human lung tumors 
mliF.iy of the zml rumors could be established. are seldom seen at  the c d y  stage possible in minialr. 
>la$; ~=;;h; losr ;  -bhsujsli, v,-i;ith rcrtsonibk. can- Peh3ps in nm the earliest Icsion is neccsrarily ovtr- 
f t & x t ,  hetrveen benip 2nd mdignnant neoplzsms of thc looked. The bronchial carcinoma which the pathologist 
h u m s  lung. For thc mimal lesions this was not possible. identifies, at  a late stage in the cvolutiori of thc disease, 
Tunon tbi th  quit: simple histological characteristics, rcally may bc a bronchid lympliatic mc tastasis which 
zxd Ixking the cyiological criteria of human malig- grows more rapidly than and obscrircs a primary 
nmcy. often proved hiphly invasive, metastasizcd widely pircnchymal tumor. In mnriy C U P  of convention31 
2nd could bc t m p l ~ n t e d  throu_oh many generations. bronchial canccr. a condition known as "cantcrous 
Or' the tip of cxperimentally induccd lesions pncumoriia" is seen (Fig. ISC). The prcsen:: of neo-' 
dt j lp3trd . :-nmpl3stic'* probably were "benign" and plastic cells on the alveolar sttrfaccs usually i'i prciiiinad 
would -wrhz-Js represent animal homologues of human to be due to aspiration and secondary imp!mtition of 

bronchia! cancerous cells. llowever, in t l icx ciscs there 
A w a n d  mjor &ffercrtce between the mimal and the frcquently are completcly epithelialized alveoli closely 

h u m n  tumors lies in the paucity of mesoderrnoid resembling thc alveolar adcnornytoid ncopl3sm of ani- 
lcsioru in the fomw. In animals the only lcsions that mals. Th t  possibility niust be consitlcrcd that in some 
m t c k d  nith similx lesions in man were the lymphoma. CJSCS a t  lcast there alveolar neoplastic cells rcprcscnt the 
toid and msothclioid tumors. original tumor, whcreas, the bronchial Icsion rcprcscnts z 
T k c  r 5 r d  m j o r  diKccrencc lies in the fact that the rnc ta~ts  .. Identical lesions were observed in experi- 

animl tvmon =OK in the pulmonary pxenchyrn3. mcnral animals (Fig. 1SD) in which n o  bronchial 
wherzs ,  primry hunun lung tumors arc frequently ncoplasia was present to create a possibility of rr'tro- 
Ilx-sred in the bronchi. One explanation for chis differ- grade implantation of rumor cclls on the alvcohr . 
encl m y  be bssed on 3s yet poorly dcfined anatomical surfaces. 
h o m o l e e s  betwen the human and animal lung. I t  may hlost himan lung tumors wliich historicJlly have 
be porrible thlt the portions of the human bronchial provided thc "type' morpholozic paricrns from which 
t r 3 i t .  w k h  3re the sites where lung cancer urually cxisting classifications wcrc constructl, drri:.cd from 
rrmifcrrs iivlf (Fig. 18A), correspond to structures rclativcly old humm stibjccts. Ily contract. [ I I C  csperi- 
whjch x e  dcsioJl3t:d bronchioles, alveolar ducts and mentally induccd animd tumors rtvie\vcd in !Itis ac- 
p i -  or parabronchiolar alveoli in animals (Fig. ISB). An count dzveloped rel~t ivcly carly wiillin rile l i f t .  ,pan of 

, 
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FIGURE 14. keneoplut ic  ~ W O . .  
lopnic cpithelialrzation 

A Isolrfed Cuboidd Cells: 
Rat Lung: Inhalation exposure 

months. Dyskaryotic cells alter- 
nate fvhh norm31 septd C ~ I J S ;  

B. Compktely Epithelialized Alvb 
olur: 
Guinea Fig Lung: HIJK cdeined 
diatomifa ( I  mg/ft’) for 12 . 
months. nlur tmtu complete 
covcr3pc of  dvco1.u s p x m  with 
low cuboidal epithelium and in- 
cipient papilla formation: 

C Epidermoid Epithclidization: 
Rabbit Lung: Zn.\lnBcSiO, for 
6 monlhr plus nonnsl air for 3 . - 
months. Irolafed parenchymd 
focus with prolifer~ted multi- 
liminnted alveolar epilhdium; 

. ’ D. Squamoid Plaque: 
. hionkey Lung: BcF, for 1 

nionth plus normal air Tot 2 
months. !Squamous epithelium 

. Ius foul ly replaced alveolarmd 

to BCSO, (12 t/ft’) Tot 6 

. . ductalepithelium 

D 
” 1. L -  

J -. 
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FIGURE 15. Bronchiologenic Epithe- 

A. Pen hoachial Epi thelidliza tion: 
Rat Lung: Welding fume ex- 
posure for 6 months. Extension 
of bronchiolz epithelium into 
adjacent alveolar spaces: 

Guinea Pig Lung: Inhalation for 
21 months of on aerosolized 
mirturc of particulate tungsten 
carbide 7S% and cobalt metal 

. US. T h e  hyperplastic cpithe- 
lium hzs Conned micropapilli or 
mae. somc of which are ul- 
cerating md derquam~tingcells; 

Guinea h g  Lung: Inhalation of 
glu, wool dust for 42  months. 
Local prolifenlion of bron- 
chiolar epithelium forms a 
sessile micropspilloma. Glxs 
spicule irdisccmiblc); 

D. Hronchiolopic Epithelidirr- 
tion: 
Guinea pig Lung: Same animd 
as 1% Prolifcntinz cluster of 
epithcli;l) cells may reprerent 
transplanted bronchiolar papil- 
loma cells or may represent 
independent 1 0 ~ 1  alvcologcnic 
epithcttalliwtion. 

bfCtJplX~3 

B. Bronchial .\!eraplash: 

C. Bronchiolar .\6cropapillosis: 
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FIGURE 16. Precursors of ~ . -ura l  
mesothelioitl lumon 

A Pleunl Pl3que: 
Guinea Pig Lung: 12 months 
inhalation exposure to an acto- 
sol of parlicul;ltc mixed rare 
earth osides; 

Guinea Fig Lung: 12 months - inhdnlion esposurc to aerosol- 
lzcd particulate tungsten 
carbide. ?he Iesion h a  pcr- 
mtilcd the plcun and hss 
sprend over the surface to form J 

: 

B. Subple~ml Lesion: 

plaque; 

R3t Lung: DcF, (1.36 7/ft')for 
G rnonthc followcd by norm31 
air for 3 months. Cuboidd ccUr 
derive from pleural mesolhe- 
lium; 

D.Erorion of Tumor ThroupJ~ 

R a t  Lung: hlnionary mem- 
s t x i s  from a subcutaneous 
hornolrmsplant h x  eeodcd 

C Pleural Slcsolhrli3lization: 

. 

d . Plcura: 

? 

9 Ihrou9 the pleura to form 3 . 
. neoplastic preudo plaque. 
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FIGURE 18. Homolo$*r b2tn.ccn 
human andnnimil lun: I I I ~ ~ O C J  

A. Human Respirator). Tr;lcl: 
Coronal section nf human 
lung prcparcd by CO~I& 
techniquc d:rncl:tstrating . 
three (3) cw,t comllon ~OCJ-: 

- 
tions of site of origjn or tu. . 
mom, nimcly, broncllus (a), 
lung parenchyma m d  pleura 

W g W  
hlicrophotogaph or p inea 
pi:: lung showin: bron- 
chioles, alvcolnr ducts and 
acini. In  the prcvn t wries of 
cxperimcnl;, tumon \yere 
not observed in tlic hronc):i 
(3) or bronchiolcs, but \wrc 
confined IO lung par.. 
cncliyma (b); 

h n m  lung rhowing ne+ 
plut ic  cclls athched to 
surfaccs of nlvcnlx sL'p 13: 

D. h'coplaiic tipithrtillizition: 
I h t  lung sttowin:: itcopltstic 
Cel l% 3 1 t . i ~ I i ~ t l  to m d  ixrhips 
a i s i t y  ill situ from :dveolir 
septal C C l l ~ .  

B. Animal (4: Respirator): 

C. Canccrous Fncurnonia: 

23 ' 



b. Squamoid Derivative of Gr3nu- 
loma: 
Rat Lung: InhJation of BeSO, for 
10 months thcn Fe,O, for 6 
months followed by normal P r  for 
3 months. The rquimoid cells may 
derive from the p cells of Fig. 17A; 

Guinea Pig Lung: Inhslation of AcO 
(.72 m d f t ’ )  for 8 months then 
normal j i r  for 3 months. Redomi- 
nating cclls are plasmacytcs and 
lymphocytes: 

Rabbit Lung: Inhdahon or silicic 
acid mist for 6 months then nomrzl 
air f o r 3 m o n ~ ~ r . C o r c o f ~ u l o m a  ‘ 

consists of p cells and fibroblasts 
Over the surface of Ihc p m u l o n a  
there i s  a continuum of cuboidal 
rpirheliil cells. 

. .  

* 

C blicrocellulir Granuloma: 

D. Epithclirzlized Granuloma: 

24 
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A 

HISTOGENESIS 
OF 

ADENOMATOID CARCINOMA 

FIGURE 13. tlistogencsis o f  idcnomrtoid carcinoma 
A. Tumor cclls adsing in respiratory ‘cpithclium slioi\ing 

-i 
B. Tumor cells spreading over ~cspiralory epithelium; 
C. Tumor crllr retainins secretory potcntial; 
D. Acinus derives by evagination of cpithelinni; 
E. Acinus i n  filled with secretory matcrial: 
E‘. The papilligeroid tumor arises by formation of papilla 

G. Origin of circinoid histolo&tl Icsion. 

Iitcril pohrity; 

within epiihcIi3Iizcd acinus; 

the experimental subjects. In this sense, 1112 littc:an and 
animal tumors may, thcrcforc, not be srricrly c m p x a .  . 
blc. This comparatively brief observcrtion period may 
also account for the lack of lung tumors in the cdnrro1 
animals. The animals that tlevcloped tumors were rela- 
tively intensely cxposcd to substanccs that thcnby ivere 
proven to be carcinogenic at such dos:igc ICVCIS. IIuman 
tumors, on the contrxy,  3riSc’ aftcr much less intcnsc 
exposure to ncoplasiogenic agents. This diffcrmcc m3y 
hclp to 3ccou11t for the contrasting rnorpho1o;y and 
topography of human and animal turnors. 

€%xi! thought may be given to the possibility of 
finding a n  cxplanation for tlic diversity of aniromiccrl 
tumors that  were observed in this cxperimanral scrics, 3 
diversity t h t  also cllarnc(crizcs fii!mcrn Irrn;: cmccr. 
Figures 19 and 20 rcpresrnt sclicmnlic cxplmcrtions or 
clarific3tions o i  thcse plicnorncna. I’llt adrnornstoid 
neoplasm mny rcsrtlt from dominsricc of 1.11cr~l polariiy 
of cpithelial cclls. I i  is  pnstu1str.d I h3 t  mcfi tumor m3y 
arise from ncop1::stic rnnrform;ltion of :I -,in:,ls ell with 
n propensity for  Inter31 tlivicion (Frz. IqX), thcir 
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. OF 1, *. 

EPIDERM01 D CARCINOMA 
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FIGURE 20. Ilisfogenesis of cpldennoid c v h o m a  e 
A. Ncophiti; cclls h o w  vrrticd polarity: 
6. Epithelial neoplastic phque; 
C. Dcy.xn~:iue !?rim; 
D. G r w v l o n a  t y r c  lesion or iiivwveness; 
E. Origin of squamoid furnor; 
F. Keritinintiorc predominates; . 
G. PlicJIion of tumor phque with pscud(wtralificd 

11. hlul t iby~rcd sfratified cpifhelium lines prcudeacinus. 
e pit heliu m ; 

daughters per~et1i3Ie this trend, and the rcsult will be 
sl~ccts of nccplastic cclls (Fig. 138 and C). I f  such a 
sheet evagin3tcs outward, thc acinoid histology will 

r c w l t .  S u d i  ;iciiii niay rc.m:iiri cnipty i f  tltc inalignant 
ccll is rterivsil frirtii  ,i iioti.mrctory ccll (k'ig. t 91)). i f  
tlic prc-;nnlisiinnt parcrit cell is :I sccictory or p h l c t  ccll, 

#, tltc tli\tci;zroid tumor IWIY rcsult (Fiz. l9ti). If thc * 

cx~iandtitp, cpitlitlial s l icc~  buckles Inwards, thc pqiil- 
ligcroitl tiistoIogy will follow (Fig. IYF). l'lic circinoitl 
lesion map either be a n  claboration of a prc-cxisting 
papilla or m y  arise tlirougli allcrn3tinS pliascs in wliich 
~ a t c r a ~  incl vertical polarity prcdominatc successively 
(Fig. 19G). 
To cxplain th'$Ccncsis of tlic cpideniioid carcinoma, i t  

is ncccssary to postul3te dominancc of vcrticai polarity 
nftcr an initial spurt of latcral polarity wliich c m t c s  a 
nidus of ncoplaslic cclls (Fig. 20A). Thc initial dfcct  
may bc that thc plaque of tumor cclls (Fig. 10B) m a t e s  
succcssivc gcncrations of CCIIS which separate or dcs- 
quamatc from thc parcnt ccll (Fig. 2OC). Thc cclls may-. 
also  adhcrc to  form a multilaycrcd "invasive" cpithclium 
(Fig. 20D). If  thc surface cells of thc latter flatten .ad  
manufacture kcratin, the squamoid Iesion will result 
(Fig. 20E). Kcratinirntion may bc the dominant feature 
(Fig. 20F). The epithclial plaque may also plicate 
upwards (Fig. 20G) or downward (Fig. 20H). In the 
latter case, rclativcly solid (mcdullary) lcsions may 
rcsult. Tt,c folds of epichelium may become orgmized as 
pseudo-stratified or as stratified epithelium. 

An cxplmation why some cclls become neoplastic or 
why oily certain of the subs.tanccs studied proved 
neopl3siogcnic cannot bc offered and must await further 
resrxch. Thc p:culiar atomic lattice of beryllium, which 
makes it such a vduable metal in nuclcw enejgy physics, 
may also provide 3 kcy to thc carcinop.enic propensity of 
lhis clement. 

* 
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