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SUMMARY . .

Rats {A/IRE Wistar strain) exposed for 12 months, to
vapors of vinyl chloride developed tumors of the skin, lungs,
aad bones. The cutaneous tumors, which always appeared in
the 2rez in which submaxitlary and parotid glands are located,
have been histologically recognized as epidermoid carcinomas,
sapillomas,  snd  mucoepidermoid  carcinomas.  The
morphological characteristics of lung tumors, which occurred
in 2 lower perceniage, werz mainly of the adenocarcinoma
wpe. with the exception of a single epidermoid tumor
originating from the cpithelial covering eells. In a minor
rumber of rats. 2 large proiiferation of cartilaginous tissue
diagnased 3s osteochondroma developed in the metagarpal and
mwtatarsy! regions of the four limbs.

NTRODUCTION
@

Tue oncogeric  properties of some  chemical  organic
compounds used for the preparation of “plastics™ have been
widely iavestigated, apu their limits and effectiveness hawe
been well oxtabiished. Derailed information on this subject
may be found in the literawure (5, 6, 8), however, all
inforziation and references are exclusively related to highly
polymesized corpounds of roughly the same size as used in
various industrics.

Onuogenic polymers produce sarcomatous tumors, with the
exveption of polvurethans which, as reported by Hueper (6),
alo induce adenocarcinomas., Recently, it has been
demonstrated  that  sarcomatous tumors (1-4, 7) are
transplantable, and it has been suggested that they may
origirae from the tissues of the capsule that gradually covers
the plasic film. Thus, Brand et al. (2-4) have observed
premalignant areas made of poorly differentiated fibroblasts
which were firmly attached to the plastic film up to the
moment of malignant transformation.

This investization demonatrates that even the monomer
vinyl chloride possesses oncogenic properties when uszd with
an appropriate model different from the models previously
seporiad oy severai authors (9~12). The carcinogenic response
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to vinyl chloride follows a singular pattern for the different
tissues and organs of the rat, -

MATERIALS AND METHODS

The experimdnts were performed with vinyl chioride
(CH,=CHCI, the monohalogenate derivative of ethylene) of a

commercial grade (99% purity) assumed 10 conuain
insignificant amounts of various noncarcinogenic
contaminants,

- Three-month-old Wistar (Ar/IRE) male albino rats (about
150 g body weight) were exposed to vinyi chiloride vapors for
4 hr a day, § days 2 week, for 12 ricnips, The animals were
kept in metal or plastic, air-tight cages in which a coaszant
flow of air, containing 3% v/v (equal to 30,000 ppm) of vinyl
chlaride, was introduced, Twenty-five rais of thie same sirai,
were the control group. At the end of the treatment. the
surviving animals wete killed at 20-day intervals, aud the most
important tissues and organs were examined histologically by
standard methods. During the period of exposure, the animals
were slighdy soporific: however, the first jew months of
treatment were well tolerated and no changes in growtiy or
behavior were noticed. After 10 months o treuiinent. soine
animals began to show a hard mass in tL.e parazuacuiar region
which became progressively targer until 1. “wuched the size of 3
walnut or slightly larper. In most casts. the swelling wus
unilaieral; it was bilateral in only a few aninals. After 1 or 2
months, the growing masses became ulcerates and discharzed
necrotic debris, while a certain amoum of tumwrous tissue
began to form on their surfaces, In addition we observed that
the masses were an integral pan of Lic »uranarictlar segor
and could not be distinguished from t... .3l tissues. Cascois
necrotic zones were Jound. Pleurs and pericardium Oitex
showed diffuse inflammation of a fibrous nasure and, in rmany
cases, the Jungs were covered with 2 number of whiw
formations as large 85 grains of rice o7 even larger and harde:
than the lungs themselves, In 2 cases, the lumgs were
hemorrhagic with milky, thick fluid in the pleural cavities. Tre
liver was sometimes increased in size and very fragile. Tae
animals were subjected to X-ray analyses at different inzterval
from the beginning of treatment in order to contral the state
of the skeletal bones.

All the animals that inhaled vinyl chloside showad . senes
of parenchymal lesions. Among these, most prominés: wese
the disappearance of granular and Purkinje cells, degeneraroz
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of ke eercaellast. severe  chroni¢  hepatitis, inteestitial
sacuzonic, and madesaie swelling of the Ridney parenchyma,
oten 2 ‘.g tiwe patiern ol (ubz.loncphrosu.

@SU LT3

The rates of survival and e main fm.hn"ﬂ are suminarize
i l‘-nl. 1. Almost all the znimals dewveloped tumors of llu.
sain o lungs, Very few znimals develoged bone tumsors; in
dhose Sases, ahe qumtors weid localized in the metacarpal and
mesatarsal bones of all 4 extremizies: Skin tumors were by fur
the mast x.mmnx amournting to 65 or 70%.

Skin Tun'on. Tae tumor that developed most xreqmmly in
the araauricular region was the epidermoid carcjinoma, but we
aiso  observed  papillomas and rarely  mucoepidermoid
carcinomas. In all cases, the neoplasms were of epithelial
nature. The 3 patterns noticed cannot be compared to various
histotypes bu: rather to a transition of one type into the other
or, and which is more likely, to dlffcrenl stages of the same
proliferative type.

Oncagenic Activity of Vind Chhride

Wany sub.uricular growihs occueied i some st Tie

histological picture showed papiliar cptiselal prolteratiea,

with progressive increase in the thickness of the ¢piderrmis
t )

(l 12 1)
The pupnlary warts of exupliytic type hud 2 fibrats vasce o
stroma aad vanvus dedrees of milannatery Iymphosyile

infiliration, marsed hyperkerztosi, purakeraiosis, acuninoms,
ad arss of mdmd.ul cyskeratosis or pearllike horny
formations.

The epitheiial cells of the peactrating columns (Fig, ..) wese

irregul ar!y arranged and were frequently aécompanied by an

mﬂ.lmmlmry infiltration of the dermis. The typical feaiures
of tne Malpighian iayer and of the stratum corncum of the
prickle cells and of germinal layers were easily recognized (Fiz.
3). The horny layer was composed largely of cell riests, which
appeared at certain points within the epithelial masses and
assumed the well-known appearance of “homy peazls” (Fiz. 3,
arrows); they were made of flattened and compressed prickle
cells without nuclei and were located around a ceniral core of
keratin,

Tablke |
Qncogenic effects of inhaled vinyl ehloride os a function of time

The animals were exposed to vmyl <hloride vapors for 4 hr a duy, § duys a week, for a toul

of 12 months, in 3 constant flow of air conwining 3% v/v vinyl ciiloride.

Tumors
Rat Survival rate Skin Lungs Bonwes
1 300 Mucwpidennoid Adenvacanthoma  Osteochondroma
\ I HTY 3 Y
, 23 230-300\ Epidermaid No mmar No tumor
! carcinoma, keras
tinizing 1ype
4 310 Epidermoid Adcnoaarcinoma No tumor
carcinoma, keta-
. tinizing type
. 5 333 Papillouma, keratotic No wmor Osteochondroma
ype
6 337 Epidermoid Na tumor Osteochondroma
witeinoms
7 M7 Epidermoid No mmor No tumar
Qreinoma
g M7 Mucovpidermoid No tumor Osteochondroma
carcinoma
14 354 Epidermoid Ko wmor No tumor
carcinoma
16,17 359 - Epidermoid Adenocarcinoma  No tumor
. carcinoma .
21 3go Epidermoiu , Notumor No wmor
cafcinoma
22 380 Epidermoid Adenocarcinoma  Osteochondroma
carcinoma
23 k) Epidermoid No wmor No tumor
arcinoma
U 330 Epidermoid Mucus-producing  No tumor
carcinoma adenocarcinoma
. (alveolar cell
carcinoma?)
25 380 Epidermoid No tumos No tumor
carcinoma
26 380 Epidermoid Squamous csll No tumor
. +  acrcinoma carcinoma
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NenLimezanon wis nremicar and often parskeratosis wis
the areas of he tanwr in whick the eells were
loosely wameztied and undergoing zn individial rather than a
re ol Reranarizanon (Fig. 4). In dyskeratotie areas,

Palivetive L
tumur seldom

o fow opnbotial cedls endded to form peads, The
showed  an usdifterentiated  growth with ccllul;u-
pleaiorpitisi cnd seveal mitotie ll'uu\ (Iig. 3} A ¢
tumors siowed Litle nests of isolated pale cells (Figs, 6 and 7)
of 3 types: muvin-producing cells (criginating from the duct
epi:h lium of swear 2lands or salivary glands): squamous cells:
and  fntermediate c\.lls with minor (cndcncics towards
ditTerentiation, . T

Respirztory Tract., These tumors, although m...urnn rarely,
were mainly adenocarginomatous. Oaly in | rat did we observe
aa ¢pidenmoid tumor originating from the ¢pithelium-covering
colls.: Sometimes. the tumors were seen in their early
developmen: and consisiad  predominantly of cubic or
columnar colls arranged as regular or irregular tubular and
papillary elements (Fig. 8) and supported by poorly developed
fibrous siroma (Fig 9)

In ather cases, s_.andular structun.s were often imperfectly
formed  and nppsa.;d as sheet-like pealiferations cf
urdiifereniiated or pleomorphic character. The cells showed a
tendéncy to extend into the pulmonary parenchyma, tiwus

imulating the microscopic features of the so-called alveolar
cell carcinoma (Fig. 10). Somectimes, this was the prevailing
pattern. The pulnionary air saes were limited by 1 or more
layers of cubic, eolumnar, or polyhedral eells with abundant
cytoplasi that was faintly cosinophilic (Fig. 11); frequently,
adenapapillary exerescences spreading into the alveolar spaces
Yoo prosent,

In some arcas, foci of cellular polymorphism  with
hyperchromatic puclei were noticed: mucin was produced in
varying amounts and secreted inte the lumen of the tubules
and acinti, There were smsli pools of mugin in which signet ring
eells oczursed, cithe: alone or in small ¢lusiers (Fig. 12). The
alveolar wulls were often quite thick and, at times, showed an
inlammatory infiltration.

As mentioned before, 2 single tumor showed squamious
structures and appeared 10 have boen formed_mainly by
spindle and oval undifferentiated cells (Fig. 12).

Bones. In the metazarpal and metatarsal regions of the 4
limbs, 2 large proliferation of cartilaginous tissues arose
outward from the periosteum and, fromt the appearance of its
cells, seemed 1o derive directly from the cortical bone (Fig.
14). The periostzum also grew and in some areas spread as
finger-like prolongations into the newly formed cartilage (Fig.
15). In these places, a gradual transition between fibrous
cattilage, periosteum, and bone could be noticed.

The newly formed castilage appeared irregular with atypical
areas; the celis, which had nuclei larger than the nomal
chaadrocytes, lay in well-formed, capsulated lacunae, The ¢ells
occursed singly, in puirs, or in tetrads and, ulthough of
different size and shape, they usually contained a single,
darkly stained nuclcus. The cartilaginous growth was not
homogeneous,  as shown by the extensxon of the finger-like
prolongations into the boundary of newly formed tissue.

-ﬁmdcs the chondroblastic, chondrocytic, and angiomatous
p_—

reas which indicated a rapid growth, there were also

!""I/"\.HI--
‘.m ;

cartilapinous aines  possessing FERI S fcatures, waall L
fivrosis and hyalinasis, The perchordrin g wopeacd ofica as
comprossed and strueturaily altercd Nbrus s,

In some cases, the tumor growth was related o the staze of
the erdachondral ossilicition oceuning helow ihe "c;‘-.,'.l:ysi..i
phite.” Oairicanon wis inepuiar, so that oswotin b luiud
varivd greatly i thickness and eonionrs, In othies cows, foci of
acuve cellular prohicration, cartilaginous areas, chondroid
developmental n.:.sxs. amd celailied bones occurred i the
deeper portions of the waboculae (Fig. 18).

The new formation appeared teo be an osteochondroma and
consisted  essentially. of & bony protuberance cupped by
cariilage and a fibrous . layer, which rcprcscmcd the
pericliondrium, -

The fibrous luyer was continuous with the pcr iosteum of
the adjacent cortical bone and exiended inward 1o form septa
separating and enclosing lobules of »arula;,\..

Contro! Animals. The control rats were kept under the same
conditions as the experimental rats and at the appropriae time
were subjected 1o a constant flow of air- without vinyl
chloride. None of these animals developed tumors o the ty;
of parenchymal lesions develcped by the rats that iahal

vinyl chloride. In a very few of the control rats, there was a

swelling of the liver and kidneys.

DISCUSSION

As in many carcinogenesis studies in which multiple tumon
arise in different tissues and organs, the data must be ev:.?ualcd
in terms of a more prompt positive e ssponsé 10 be obuained
with the ideal concentration of the carcinugenic compound.
The cutancous system is the most susceptivle to the oncogena
effects of viny! chlaride.

Our experimental data do not expluin why the celancous
tumors developed in the samwe site, Le. the region including
the area in which the submaxillary and parotid glands are
located. It is possible that the salivary glands may by involved
in the concentration or excretion of vinyl chlvride or some of
its active decompuosition products.-This hypothesis is strongly
supported by morphological findings shawing the specific
tendency of the dewloped tumor 1o appear as a
mucoepiderimoid  carcinoma, which indicates the astive
contribution of the mucus glandular eclls 10 the tumorons
growth. Such kinds of histotypes are often related 10 some

‘glandular aggregates, and, therefore, the hisiogenesis of human

mucoe¢pidermoid carcinoma has been restricted to the cells of
intercalated ducts. This hypothetical interpretion must be
confirmed by future experiments in which the action of the
viny] chloride should be restricied to the salivary system. At
the concentrations used, saturation and wetting of the fur
might well be expected. Under these circumstances. the
natural cleansing habit of the ru. ~ishi 2dd a significant
ingestion problemm with subsequent concentration of viny?
chloride in the salivary glands. The local extreme
concentration could be the result of the diificulty of a
complete cleansing by the rat.

The ncoplastic response of the lower respiratory tract.
although of lessar magnitude, is of relevant interest, since some
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e tuzozs weee storphologically sinilar 1o those described
e sl The hyseihiesis that meets-producing cells may
ahle o reaining vinyl ehluide or its decompasition
Saoseenn 0 he mlovanl onee anone. OQbviowsly, a
Gitorpatiaiton s reguired 1oy the pathogenesis of the
vomars snd for sheis sinulianeous incidence at the fevel
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Figures are -omitted because of
failure to reproduce ‘adequately

Figs. 1 to 18, All sections were stained with H& E.
Fig. 1, Squamous call pupilloma of the kin. X 25.

Fig 2. Transitiona s1age from pupillema 1o infilirative type of cancer, X 80,

Fig. 3. Finger-like trabeculae branch to form secondary processes showing homy pearl formation (arows). X 18, .

Fig. 4, Dyskeratotic area, Few cpithelial cells with a tendency to form wharls, Litile eapacity 1o develop into horny pearls. X 250,

Fig. 8, Atypical cells partly lacking prickles and showing considerable variation in size, shape and many mitotic figures, X 250,

Fig. 6. Mucocpidermoid skin tumor, Occurrence of hydropic epidermoid ¢olls, basal cells, columnar cells, and oxyphilic cells in vasious
proportions, X 100.

Fiz. 7. Mucocpidermoid skin tumor, showing differcndation of masses of squamous epithelivm from

distended tubulas spaces. X 160,
Fiz. 8. Mictonodular adenocarcinoma of the fung arising from a scgmaental bronchus, X 28,

Fig 9, Detail of Fig & showing tubular aggregates made up by cells with hyperchromatic nuclet,
Fig. 10. Nodular bronchiolar alveolar mucus-sccreting adenocarcinoma. X 100,

M

Fig. 11, Detail of Fig. 10, showing an alveologenic pattera. X 256.

Fig. 12, Mueug-producing cclls with hyperchromatic and pleomorphic ruckei and occurrence of signet ring cells. X 250,

Fig. 13. Squamous cell carcinoma of the lung. X 100.

Fig 14, Osteochorndroma deweloping as a protuberance from the small bones of metacarpus and metatarsus, X 28,

Fig 15, Magnificuuion of Fig 14, Tho prowuberance consists of bone Uabeculae, capped by cartilage, and a fibrous layer functioning as
pevichondsium, X 100,
Fig. 16. Osicochondroma, Cartilaginous growth characterized by finger-like proliferation. X 100,

Fig. 17, Osteochondroma, Arca of eadochondrial ossification, X 100.

"+ 18, Cellutur area of an ostcochondroma showing the transition from cartilage to osieoid, X 100.
p—_—
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columaar cells, lining and proliferating into




