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2728 VINYL CHLORIDE

VINYL. CHLORIDE

CAS RN: 75014
mf: C,H,Cl; mw: 62.50

Coloriess liquid or gas (when inhibited), faintly sweet
odor. mp: —160°% bp: —13.9%, lel = 49, ucl = 22%;
flash p: 17.6°F (COQ), fp: —139.7°, d{liquid): 0.9193 &
15°/4°, vap. press: 2600 mm @ 25°, vap d: 2.15, autoign.

882°F. Slightly sol in water; sol in aic; very sol

NIOSH #: KU 9623000

MONOCKLOAOETHYLENS (DOT)
VINYLCHLORID (GEBMAN)
VINYL CHLORIDE (DOT}

VINYL CHLORIDE MONOMER
VINYL € MONOMER

WINYLU CHLOREK (FOSLSH)

CODEN:
MUREAV 91.381.51
ARTODN 47,718}
MUREAV 91.381.31
GTPZAD 245).28.30
TXAPAY 13.134.73

P

TOXICITY DATA: 3

preg)
thi-rat TCLo:1300 ppm/24H (1.9D

)
ib-rat TClo A00D ppe/dH (12-18D
preg):ETA
ihi-mpn TCLo® 300 ppm/4Y-1:CAR
orkend TDLo: 10 pm/kg/S2W-1:CAR
ihl-rat TCLo: 50 ppm/S2W.1:CAR
iiorat TCLO: 4000 ppm/4H/(12-10D
prog):CARC
mprorat TDLa'1) my/kg/63W-1:ETA
scu-rat TDLo 21 mg/kg/67W.1'ETA
ihl-mwm TCLa: 50 ppen/30W-1:CAR
ihi-ham TCLo: 30 ppm/eH I0W.

mmwmwat NEO

TXCYAC 11.45.78
ANYAA9 271,431,726

JOCMA? 16.009.74
APDCDT 3.2167¢
ANYAAY 27143176
ANYAAY 271,431, 76

APDCDT 3.216.76
APDCDT 121476
ANYAAY 171.431.76
APDCDT 121876

ENVRAL 16283,7¢8

iklcut TC:250 ppm/SIW-1:CAR ITEMDS 415,73
ihlvaus TC: 50 ppm/4TW.J :CAR JTEHD 4.15.7%
otleraz TD: 34 gmskg/1V-1:CAR EVHPAZ 21,1.77
ih-enus TC:2500 ppm/26W-1: NEOQ ENVRAL 1428378
ihi-gnus TC 2500 ppm/ITW.1:CAR ENVRAL 7307, 4
it TC:250 ppm/2Y-1:CAR AANLAW 35,1,74
thivam TC: 500 ppan/AW.[: NED MELAAD 65.421.74
bkt TC:250 ppa/BOW.1:CAR MELAAD 65.421.74
ibleat TC %50 ppo/3TW.[:CAR MELAAD 65,421,74
orl-mt LD30: 300 mg/ kg

DOwWOC™
ESDVAT 116038
: TLm96:over 1000 ppm

Determination: Human Pesitive IARC**
19.372,79.

TLV: Air: S ppm DTLVS® 4,427.80. Taxicology Review:
FAZMAE 18,365,74; JTEHDS 1(1),47,75; CMTVAS
10(3),49,73; CHWEAP 70,5,74; CANCAR 39,1 792,77;
MUREAV 32(2).93,76; ZHPMAT 166,1131,78; BNY-
MAM 54.413,78; ABMHAM 33,58577, CBINAS
22,117,78. OSHA Standard: Air: TWA lppm.CLS
ppo/1SM FEREAC 40,27073,75. DOT: Flammable
Gas, Label: Flammable Gas FEREAC 41,57018,76.
Occupasional Exposure to Vinyl Halides recm atd: Air:
TWA | ppm; CL § ppm/15M NTIS**. “NIOSH Man-
ual of Anaiytical Methods” VOL 1 178. NIOSH Cur-

rent Intelligence Bulletin 28, 1978. Reported in EPA
TSCA lInventory, 1980. EPA TSCA EE No.
03780104—Followup Reply Received as of April. 1979,

THR: HIGH irr vis inhal route and to skn, eyes and
mu mem. In high conc, it acts as an anesthetic. Causes
skn burns by rapid evaporation and consequent froex.
ing. Chronic exposure hes thown liver injury m srats
and rbts. Circulstory and bone changes in the fingertips
reported in workers handling unpolymerized materials.
A bhmn brain CARC and an exper brain CARC, NEO,
ETA vis inhal route. May cause local ur.

Fire Hazard: Dangerous, when exposed to heat. flame
or oxidizers. Large fires of this matenial are pracucally
inextinguishabie

Spontaneous Hegring: No.

Explasion Hazard: Severe, in the form of vapor, when
expased to heat or flame. Also, on standing, forms per-
oxides in air and can then explode.

Disaszer Hazard: Very dangerous; when heated to decomp
it emits highly tox fumes of phosgene: can resct vigos-
ously with oxidizing materials. Before stonng or ban-
dling this material, instrucvions for its use should be
obuined from the suppiier.

To Fight Fire: Stop flow of gas.

Forfunhum.fomanouueVoLl No. 3 of DPIM Repore
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Puimonary Tumors induced in Mice by Vinyl Chloride
Monomer!

Y AsuNOSUKE Suzuki?

Environmenial Sciences Laboratory, Departmen: of Community Medicine. and
Departmen: of Parhology. Mount Sinai School of Medicine of 1he Ciry Universiry of
New York. Fifth Avenue and {00th Street, New York. New York 10029

Received August 1S, {977

Neoplasuc effects of vinyl chlonde were studied in lungs of 27 mice exposed to vinvi
chlonide monomer at 2500 and 5000 ppm for $ and & months. Pulmonary tumors were observed
in 26 of 17 expenmental aumals, By light microscopy, the tumors were multiple and ar-
ranged in etther tubulo~papiliary or adenomatous formations. Although occasional miotic
divisions and invaginatons it the bronctuclar lumen were observed. no mewstases were
found. By electron microscapy, shan mucrovilli. tight juncucns between two adacent cells.
appearance of osmiophilic lameliar bodies, iarge mitochondna of irreguiar shape. \reil-
developed Golgi pl or di o nr b occ
app of ' and of cryswlioids. and lack of both cilia and mucous secret-
ory granuies were nbsmed as characienistic features of the neoplastic cells. Some of the
cells were pooriy differentiated and wm eqmpped vnlh poorly developed organoids, with-
out formation of osmiophilic Iameil The p Y ponded to "'a)-
veoiogenic tumors or alveoio.mc cancer.”” It is suueued that the neoplnn: cells were
ransformed from type II alveolar evuheuum via its hyperphsuc form. It is conciuded that
mouse lung is an extremely s e ind! of the genicity of vinyl chloride.

INTRODUCTION

Hepatic hemangiosarcoma has been accepted as a serious health hazard as-
sociated with vinyl chloride exposure among workers in vinyl chlonde polymeri-
zation plants (1-7). A risk of lung cancer has also been reporied among the
workers on the basis of epidemiological studies (8, 9).

Experimental studies in rats. mice. and hamsters have shown that. in addition to
liver, various organs such as lung, brain. breast, and skin, tncluding sebaceous
giands. were invoived in induction of primary neopiasia by vinyl chlonde. Al-
though a number of studies have demonstrated that pulmonary tumors can be
induced by vinyl chloride in mice. the significance of such occurrence and the
nature of the tumors have not vet been appropnately explored (10-18).

We have undertaken a preliminary study of pulmonary oncogenetic effects
of vinyl chloride in mice to provide information on these questions. A num-
ber of significant observations have been made: frequent occurrence of pul-
monary tumors, unique uitrastructure of the neoplastic cells. findings concerning
the precursor of these cells. as well as data regarding the submicroscopic aspects

' Supported by Center Grant ES 00928 from the National [nsu of Envi J Health Scw
ences, U.S. Depanment of Health. Education and Weifare.

:To whom requests for reprints and correspondence should be sent: Environmenual Science
Laboratory. Mount Sina: School of Medicine. Fifth Avenue and 100h Street. New York. N. Y. 0029,
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( Fic. 2. A p2

Fic. 1. Two pulmonary tumors induced by vinyl chloride are seen in the peripheral part of a mouse "
aeoplastic celis

{ung (2500 ppm in group IID). Hematoxylin and cosin: x.6&4.

of the neoplastic transformation from the precursor cells. Details of these findings For light m
are reported here. malin and ¢

MATERIALS AND METHODS MmicFometer

Twenty-seven CD1 Charles River white strain male mice. 4 to 5 weeks old at 1 silver. perio.
first exposure. were used. These animals were divided into three groups. In group un. and Va
1. six animals were exposed to vinyl chloride at 2500 (three mice) and 6000 (three pieces. smal
mice) ppmvhour. 5 hoursiday. 5 daywweek. for 5§ months. They were then kept for “’°Pm‘:° P
6 days without exposure before sacrifice. In group I, 13 mice were exposed at :: ‘:H 7.2- L
2500 (seven mice) and 6000 (six mice) ppm for 6 months and were kept for an SCC‘P""Y\:‘-‘
additional 2 days for recovery before sacrifice. In group III. eight animals (seven ons <
at 2500 ppm and one at 6000 ppm) were exposed to vinyl chioride monomer for 6 croscope wa
months followed by a 37-day recovery period. The inhalation exposures were :'a-"’" organ
accomplished at the Industrial Bio-Test Laboratory. Northbrook, Il t:“‘:“gmw

In addition to the experimental animals. [6 mice (four for group 1. four for group ae hepatic «
iI. three for group 1. and five which were [2 months old) were simuitaneously
maintained as controls. The control mice were primarily of interest for providing 1
data concerning the spontaneous occurrence of pulmonary tumors. A. Gross A

Under anesthesia. the mice of both experimentai and control groups were sac- ] } Pulmonar
rificed by decapitation. Lungs were examined under a dissecting microscope after 6000-ppm se
the organs were taken out of the bodies to determine whether tumors had occurred. tumors were

[
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Fic. 2. A part of the lower tumor seen in Fig. |. A tubulo~papillary pattern is observed. The
Pl celis are by kilic. H ylin and eosin; x 400,

For light microscopy. the organs were fixed in 109% neutra) buffered for-
malin and embedded in paraffin after dehydration in alcohot. Five- to six-
micrometer sections were made and stained with hematoxylin—eosin, Weigert's
silver, periodic acid~Schiff s (PAS) with and without digestion by diastase, elas-
un. and Van Gieson's picrofuchsin technique. For electron microscopy small
pieces, smaller than | mm?, were taken from both puimonary tumors and non-
neoplastic pulmonary tissues and were fixed in 1% phosphate buffered osmic acid
at pH 7.2~7.4 for 2 hours. After alcohol dehydration. the blocks were embedded
in epoxy resin. Ultrathin sections were obtained with an LKB microtome. The
sections were stained with uranyl acetate and lead. A Siemens 10! electron mi-
croscope was used for ultrastructurai observations. In addition to the lungs, other
major organs, including the liver. were examined. To the present. three hepatic
hemangiosarcomas were observed in the 2500-ppm series of group III. Details of
the hepatic effects of vinyl chioride will be reported elsewhere (19).

OBSERVATIONS
A. Gross Anatomical Findings
Pulmonary twmors were observed in all experimenta! mice except one from the
5000-ppm series of group II (26 of 27). None were found in 16 controls. These
lumors were round. whitish in color, multiple in number, and variable in size from

RSV 0016820
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Fic. 3. A pan of the upper tumor seen in Fig. |. An adenomatous pattern is seen. Hematoxylin and
eqsin: x 560.

1 to to 5 mm in diameter. No metastases to regional lymph nodes or other organs
were observed. Neither parenchymal fibrosis nor fibrotic adhesions of the pleura
were detected.

B. Light Micrescopy

As shown in Fig. 1. the tumors were usually seen in the peripheral pant of lung
parenchyma. although occasionally tumors were found in more proximal parts of
the lung. No direct connections of the tumors with bronchi or bronchioles were
observed. The neoplastic cells were arranged in various ways. such as tubuio—
papillary (Fig. 2) and adenomatous forms (Fig. 3). Polymorphism and atypical
structures were not striking. However, sometimes abnormal mitoses were ob-
served. as shown in Fig. 4 (arrow labeled M). The nuclei were round in shape and
smail, and chromatin was generally finely distributed. Nucieoli were generally
poor in development. Two different types. cosinophilic and basophilic. were dis-
tinguished in the neoplastic cells (Figs. 2 and 3). Some of the cells stained with
PAS (Fig. 4: arrow), and the substance so stained was digested by diastase.
suggesting that it was glycogen. The neoplastic tissue was not encapsulated by
connective tissue. Often, air spaces separated neoplastic tissue from normal tis-
sue. Although malignant invasion, such as destruction of preexisting tissue, was
not observed in the animal lungs, invagination of the neoplastic tissue into bron-

# X ® N

Y
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e ‘S’C‘.-.
& T Ty
Fic. 4. Neoplastic ceils stained with PAS. An arrow indicates fine PAS-positive maserial digested
by diastase. The arrow labeled M shows an abnormal mitosis (1500 ppm in group D). x 560.

chiolar air spaces was detected in instances of extremely large tumors. Collagen
and reticular fibers showed little development in the neoplastic tissues. In addition
to neoplastic changes, as shown in Figs. 5 and 6. focal and multipie hyperplastic
changes of the alveolar lining cells were noted in lungs exposed to viny! chloride.
In Fig. 5. the hyperplastic cells are seen just beneath the visceral pleura. Since the
lining cells beneath the thin connective tissue of the visceral pleura are known to
be alveciar epithelium. the hyperplastic cells are assumed to be alveoclar epithelial
cells. Hyperplastic cells are also found in the deeper pant of lung parenchyma. as
shown in Fig. 6. Occasionaily. neoplasia and hyperplasia coexisted in the same
lobe of the lung. and the distinction between neoplastic and hyperplastic cells was
not always clear. as some cellular similarities were found between the two. Confi-
dent identification of the cell types of both neoplastic and hyperpiastic celis was
not feasible at the level of light microscopy.

C. Electron Micrascopy

Figure 7 is derived from neoplasiic tissue of the tubuio—papillary form {see Fig.
2). Ultrastructural characteristics of the aeopiastic cell included microvilli. large,
round- or rod-shaped mitochondria, well-developed Golgi compiexes. and os-
miophilic lamellar bodies. Junctionat structures (arrows in Fig. 7) between adja-
cent neoplastic cells and a basement membrane (B) were usually observed. Figure
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Fic. 5. Hyperplastic puimonary celis are seen beneath the visceral pheura of 3 mouse lung (2500
ppm int group I1D. Hematoxylin and eosin: x 430.
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Fic. 6. Proliferated alveolar lining celis in the desper past of lung parenchyma. (2500 ppm n group
IID. Hematoxylin and eostn: x 170.
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PLULMONARY TUMORS INDUCED BY VINYL CHLORIDE 294

oy

i R B .é
F1c.7. Alow-power electron mucrograph of a well-differentiated pulmonary tumar. Arrows indicate
i str between plastic cells. B. Basement membrane (2500 ppm in group {ID. x

7900,

8 was derived from an adenomatous area shown in Fig. 3. Neoplastic cells had
poorly formed tubular lumens and microvilli and were smaller than those shown in
Fig. 7. However, other uhrastructural characteristics. such as mitochondria.
Golgi complexes. and osmiophilic lamellar bodies. were almost identical in the
two. [rregular arrangements of cristae mitochondriales were fairly common. and
mitochondria were often wrapped by well-developed smooth-surfaced endoplas-
mic reticuium (Fig. 9). Some of the neoplastic cells contained cytoplasmic com-
pantments formed by membrane structures (Fig. 10). The occurrence of such
compartments has been reported by Svoboda (20), who made electron micro-
scopic observations on the neoplastic cells in mouse puimonary tumors induced
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92 YASUNOSUKE SUZUKI

Fic. 8. A differentiaied neoplasm seen in the animal lung shown in Fig. 3. Formation of the
lumes and microvilli is poor. x §500.

spontaneously or by urethane. Intracytoplasmic vacuoles containing electron-
dense granules (diameter: approximately 400 A) and amorphous material were
frequently observed in the cell cytoplasm (Fig. 11). Since the limiting membrane
was attached to ribosomes, the vacuole was identified as a cisterna of endoplasmic
reticulum. The intracisternal granules did not stain with uranyl acetate alone and
therefore were assumed to be glycogen (Fig. 12}. Occasionally. crystalloid struc-
tures were observed in the cytopiasm of the neoplasiic cells (Fig. 13). though their
significance has not been clarified. The above-described neoplastic cells were
quite similar in ultrastructure to type II alveolar epithelium. Capillaries in the
neoplastic tissue consisted of single layers of nonfenestrated endothelium as seen
in the normal alveoiar capillary. In addition to well-differentiated neoplastic cells.
poorly differentiated ones were also recognized (Fig. 14). As seen in Fig. 14, the
cells were cuboidal or cylindrical in shape and lacked formation of osmiophilic
lamellar bodies. Mitochondria were small in size, although the cells were reia-
tively rich in rough-surfaced endoplasmic reticulum. These cells seemed 1o cor
respond to the basophilic ones observed by light microscopy. Except for the lack
of a large amount of glycogen. these cells resembled immature alveolar
epithelium. as observed in fetal lung in late gestation. Neither cilia nor mucinous
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F16. 9. A part of the cell cytoplasm of @ plastic cetl. The arrow indicates irregular ¢nstae
mitochondnailes (1500 ppm in group 1IN, x 29.400.

secretory granules were observed in the neoplastic celis. Based on these findings.
1t was strongly suggested that the neoplastic cells were denved from the alveolar
epithelium. particularly from type II cells. A hyperplastic pulmonary alveolus is
illustrated in Fig. 15. Electron microscopically, aspects of the hyperplastic cels
were evidently those of type II aiveolar cells. although they showed some differ-
ences in uitrastructure from the normal type Il cetl. Mitochondria were large in
size and irregular in shape (Fig. 16), and, occasionally, retention of huge os.
miophilic lamellar bodies was noted in the ceil cytoplasm (Fig. 16). Cristae mito-
chrondriales were arranged irregularly (Fig. 16), and well-developed endoplasmic
reticulum was frequently seen in the cytoplasm (Fig. 17). Early stages of the
membrane formation responsible for “cytoplasmic compartments™ were ob-
served in the hyperpiastic cell (arrow in Fig. 17). It is suggested that the membrane
was derived from the endopiasmic reticulum. in many respects. the hyperplastic
type I cell is assumed to be the precursor of the neoplastic cell. An intermediate
form between type [ and [I cells was frequently observed in the hyperpiastic
puimonary aiveoli. The arrow in Fig. 15 indicates a part of the ceil cytoplasm
which may represent a transitional form between type I and II cells. Though the

RSV 0016826
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2N YASUNOSUKE SUZUKI

Fic. 10. Intracytoplasmi apartments formed by membrane structures (2500 ppm in group 1ID. x
20.000.

attenuated cytoplasm corresponded to that of a type | cell, the presence of mi-
crovilli on the ceil surface was characteristic of a type II cell.

DISCUSSION

Experimental studies (10-18) on the oncogenicity of vinyl chlonde have re-
vealed that the monomer can induce various neoplasms including hepatic heman-
giosarcoma (rat. mice, hamsters), Zymbal gland carcinoma in the external audi-
tory meatus (rats). breast cancer (mice). nephrobiastoma (rats), “'lung adenoma’
{mice}. skin trichoepithelioma (hamsters). lymphoma (hamsters). and fore-
stomach papilloma (hamsters).

Evidence of the pulmonary oncogenicity of vinyl chloride in animals has been
obtained: (i} Viola er al. (10. 11) have reported that rats exposed to viny} chioride
exhibited lung cancer (329). Histological features of the cancers were stated to be
those of adenocarcinoma. with the exception of a single epidermoid tumor. Mal-
toni and Lefemine (12, 13), however, reviewed the histological slides of Viola ef
al. and stated that the lung cancers reported by the latter were #or primary tumors
of the lungs. but metastatic cancers from Zymbal glands. (ii). Maltoni and
Lefemine (12. 13} also have reported on the pulmonary oncogenicity of vinyl
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Fic. 11. Giycogen granules 1n a cisterna of the endopiasmic reucutum (2500 ppm n group I, x
60.000,

chloride on the basis of their own data. Though they could not find bronchogenic
carcinoma in rats, rare pulmonary hemangiosarcomas and fibrosarcomas were
induced in these animais. Unlike the case in rats, pulmonary tumors '
("adenomas’’) were found in mice (89 of 471). Maltoni and Lefemine (12, 13) ‘.

i Bt e B, XIS bl 05 e m b+ ot 23 e 2

Fic, 12, Single staining by uranyi Glycogen gra

arc not detected in the cisterna. A step
section in the specimen of Fig. 11. x 60,000.
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30.000.

noted that some of the adenomas underwent malignant transformation. (iii) Kep-
linger and associates (14) have found ‘‘alveologenic adenomas™ in the lungs of
mice exposed to vinyl chloride (44 of 49). (iv) Lee and associates (15) have stated
that “"bronchiolar adenoma’” developed in mice 2 months after exposure o vinyl
chloride at 50—-1000 ppm. (v) Holmberg and assoctates (16) found “*alveologenic
adenoma’ in 13 of 24 miceexposed to vinyl chlonde at S0 ppm for 24 —52 weeks.
Our present study has aiso confirmed that pulmonary tumors are frequently in-
duced by vinyl chloride (26 of 27).

epithelium. A:
4200.

=z - = ';5;.. A s 4 - i .-- . Dt L;"‘ a
Fic. I4. Poorly differentisted neopiastic cells. No osmiophilic lameliar bodics are observed (6000
ppm in group i), x 6200.

Fic. 16. A
mitochondna.
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Fic. I7. Cytoplasm of a hyperplastic type II cell. Arrows indicate membrane formauon. Endoplas- alveolar e:
mic retculum is well developed (2500 ppm in group 111t x 26.600. Recentl
due to lur
The reports by Lee er al. (15) and Holmberg e al. (16) are noteworthy since the compared
pulmonary tumors are induced by low doses and relatively long exposure and aiso cally and -
because these reports demonstrated that the oncogenicity of vinyl chioride is dose adenocarc
related. Based on all the data available. it can be conctuded that, of all the tumors chogenic
induced by vinyl chioride in all species. those in the lungs of mice appear eariiest. cinogenes
and that mouse lung is an extremely sensitive organ for demonstrating the on- _ Neopia-
cogenicity of vinyl chloride. 1t 1s k°°_‘
Gross anatomical and histological aspects of the tumors in our investigation veologeni.
corresponded to the “alveologenic tumor or cancer™ of Stewart er al. (21, 22). tion occur
though other designations such as pulmonary adenoma. bronchiolar adenoma. and tion of thi
adenoma becoming malignant have also been used. The alveclogenic tumor has fore dubb:
been induced by various carcinogens (21-26) such as polycyclic hydrocarbons. Lafemine
urethane, nitrogen mustard. methylcholanthrene. and nitrofur derivates and is uadergo t
known to occur spontaneously with aging (27-29). The cancer induced has ments, we
been distinguished from that occurring spontaneously by multiple primary foci. Alveole
occasional formation of huge tumors, and occurrence without any relation to ble to ob:
aging. It is also known that in certain strains. such as A and DD. spontaneous precursor
-5 tumors are quite common after 10 to 12 months of age. Spontaneous pulmonary _Hepatic
) tumors could be excluded in our experimental animals; in addition 10 the above- viny! chlo
i mentioned points, neopiastic changes in the lungs were absent in the controls. animals (¢
11 Electron microscopically, alveolar epithelium, particularly the type Il celi, was are a.lmos't'
- &i ‘ assumed to be the precursor of vinyl chloride-induced tumor in the mouse lung, ::;ljs °;i;;_"
31 This assumption was derived from ultrastructural similarities between the normal hel“' 4
v Fi type II cell and the neoplastic cell. Similar suggestions have been made by other chioride r
f 1 investigators (20, 26, 30) after studying pulmonary tumors induced by agents other thm‘ca]'
- than vinyl chloride. lic aroma
g? It was noteworthy that the processes of transformation of the normal alveolar known to
i epithelium into the neoplastic cell could be followed morphologically on the level be associa
of ultrasiructiure: the appearance of an intermediate form between type fand 1§ carcinoge:
cells in the alveolar lining. the disappearance of type II cell in the lining due to vinyl chio
repilacement by the hyperplastic type II cells, which were transformed from the
intermediate form. and the neoplastic change of the type II cell were assumed to We wish t
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te a sequence of the process. The intermediate form appears in centain pathologi-
cal conditions. such as puimonary asbestosis (31) and radiation pneumon:tis (32)
prior to cuboidal metaplasia of the attenuated alveolar epithetium. Embryoiogi-
cally, both type [ and Il cells are of the same origin. the entodermal epithelium (33.
34), It has been accepted that. at a late stage of gestation. rapid attenuation of the
immature alveoilar epithelium. similar to the type [ cell. occurs in mammals (33,
34). Some of the neopiastic cells. distinguished as poorly differentiated. were
similar in ultrastructure to the immarure alveolar epithelium of fetal iung. From
these perspectivese the process of neoplastic alteration observed in the epithelium
may be interpreted as a retrograde process of the normal differentiations of the
alveolar epithelium.

Recently. Waxweiler and associates reported an increased number of deaths
due to lung cancer among vinyl chioride workers (8): They observed 2 cases
compared to the 7.7 cases expected. Eight of the twelve were examined histologi-
cally and were classified as undifferentiated large-cell carcinoma (five cases) and
adenocarcinoma (three cases). Since these human lung cancers are of bron-
chogenic origin. it may be that target pulmonary ceils in vinyl chloride car-
cinogenesis are different in human and mouse iung.

Neoplastic invasion and metastases were not found in our material. However,
it is known {21. 35-38) that sometimes both induced and spontancous al-
veologenic tumors of mice show such changes and that the malignant transforma-
tion occurs with some delay after initiation of the tumor. In addition, transpianta-
ton of this tumor has been accomplished (39). Stewart and associates (21) there-
fore dubbed it an "alveologenic tumor' or ‘‘alveologenic cancer.”” Maltoni and
Lafemine (13) have found that some vinyl chloride-induced puimonary tumors
undergo transformation. During the short period of observation in our experi-
ments, we did not observe this.

Alveologenic tumors may be considered urique in some ways, since it is possi-
ble to observe the process of malignant transformation sequentially from the
orecursor to the malignant cell via hyperplastic and benign neoplastic states.

Hepatic hemangiosarcoma is recognized as a specific malignant tumor reiated to
vinyl chloride exposure. The tumor can be induced in a variety of experimental
animals (mice. rats. and hamsters) (12, 13), and histoiogical features of the tumor
are aimost identicaj in humans and animals. In contrast. the intrapulmonary target
cells of vinyl chlonde oncogenesis may be different in humans and mice. Beyond
these differences. moreover, the induction of alveologenic tumors in mice by vinyl
chlonde may be predictive of a nsk of human bronchogenic cancer from the
chemical. Consistent with this is the fact that vanous carcinogens such as polycyc-
lic aromatic hydrocarbons, nitrogen mustard. and chromate compounds are
known to induce alveologenic tumors in mice. on one hand, and, on the other, to
be associated with excess bronchogenic carcinoma among workers exposed to the
carcinogens (40). It is noteworthy that a similar relation has been suggested for
vinyl chloride.
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