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Progression of vinyl chloride induced hepatic fibrosis
to angiosarcoma of the liver

D B JONES AND P M SMITH

From the Depaniment of Gastroenterology, Llandough Hospital, Penarth, S Glamorgan, UK

: )

ABSTRACT Two vinyl chloride monomer (VCM) workers, who developed non-cirrhotic portal
fibrosis and portal hypertension, died from angiosarcoma of the liver five and ten years later
respectively, despite withdrawal from occupational exposure. We suggest that non-cirrhotic por-

tal fibrosis caused by exposure to VCM is potentially premalignant and that those workers who
already have the condition should be carefully monitored.

Since the original communication by Creech and
Johnson' there have been several further case
reports of vinyl chloride monomer (VCM) induced
angiosarcoma of the liver. A commoner hepatic
lesion is non-cirrhotic portal fibrosis leading to por-
tal hypertension. It has been suggested that this
lesion may be a precursor to angiosarcoma
formation,>? but there has been only one report of a
patient with documented hepatic fibrosis developing

angiosarcoma at a later date.* We describe two
further cases.

Case reports

CASE 1

A 60-year old white man initially presented in 1969
to the dermatology department with a skin eruption.
Examination at that time showed anaemia, thrombo-
cytopenia, hepatosplenomegaly, and occult faecal
blood loss. He had an occupational history of expos-
ure to VCM at high concentration for seven years
while working as a polyclcaner and a blowdown
recovery operator, After two haecmatemeses, barium
studies and splenic venography confirmed portal
hypertension and ocsophageal varices, and he
underwent an end-to-side portocaval shunt. At
laparotomy the liver looked nodular, but operative
liver biopsy showed non-cirthotic portal fibrosis
only. Over the next four years the patient developed
chronic portosystemic encephalopathy and maturity
onset diabetes mellitus that was treated with oral
hypoglycaemic agents. In May 1980 he presented
with worsening mental deterioration, hepatic foetor,
asterixis, and an enlarging liver. Liver function test
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results showed a normal serum bilirubin with a
raiscd alkaline phosphatase (201. 1U/1) and
y-glutamy! transpeptidase (83 IU/1). Radioisotope
liver scan showed a small liver with no filling defects
and necdle liver biopsy showed a well-pronounced
micronodular cirrhosis with no evidence to tumour.
He responded to protein restriction and lactulose
and was discharged. Within a week of discharge he
was rcadmitted with an endoscopically confirmed
blecding duodenal ulcer. After this, he lapsed into
hepatic coma and died. Necropsy showed multiple
malignant tumours in the liver (wt 1130 g), one of
which was haemorrhagic. Histologically, a great
varicty of liver cell lesions were present, some resem-
bling angiosarcomas, some hepatocarcinomas, and
some adenomas. There were also atypical sinusoidal
cells and fibrosis in the non-tumorous parts of the
liver.

CASE 2

A 49-ycar-old man with a 12-year history of expos-
ure 1o vinyl chloride monomer while working as a
spray dricr bagger, premix operator, and paste
charging operator was, during a factory survey of
proccss workers in 1974, found to have thrombo-
cytopenia. This was later shown to be due to
hypersplenism and presinusoidal portal hyperten-
sion. He was otherwise well and drank five pints of
beer a night. Liver function test results were normal

apart from a raised y-glutamyl transpeptidase level

of 82 1U/1. Varices were shown by barium studies

and cndoscopy, and liver biopsy showed fatty

change and slight non-cirrhotic portal fibrosis. Two -
years later the patient developed insulin dependent

diabctes mellitus, but otherwise remained well until

October 1979 when he presented with a large

hacmatcmesis. Endoscopy confirmed oesophageal
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varices to be the source of haemorrhage, and these
were treated by injection sclerotherapy. The serum
alkaline phosphatase and y-glutamyl transpeptidase
levels rose over the next three months to 334 TU/1
and 106 TU/1 respectively. Radioisotope liver scan
showed multiple filling defects consistent with
tumour deposits. Ascites and ankle oedema
developed, and he died suddenly in January 1980
from an intraperitoneal bleed after a liver biopsy.
Necropsy showed that a large haemorrhagic tumour,
occupying most of the right lobe of the liver, had
ruptured into the peritoneum. Several smaller
haemorrhagic tumours were found elsewhere in the

liver. An enlarged spleen (wt 760 g) and thrombosed.

oesphageal varices were also noted. Histology
showed the tumours to be angiosarcomas, with areas
of sinusoidal dilatation and portal fibrosis in unaf-
fected areas of the liver.

Discussion

Vinyl chloride monomer is transformed by hepatic
microsomal enzymes to toxic metabolites that coval-
ently bind to DNA."” After exposure to VCM
hepatocytic proliferation, sinusoidal lining cell pro-
liferation, and focal sinusoidal dilatation occur® and
angiosarcoma may later develop from the sinusoidal
lining cells. Enlarged lipocytes may be seen in the
space of Disse?; these cells are fibroblast precursors
and can lay down collagen.” Hepatic fibrosis results
and may be associated with presinusoidal portal
hypertension.'® It is commoner than angiosarcoma.?
Although fibrosis was found in tumour-free portions
of the liver tissue from VCM workers dying of
angiosarcoma,’ transition of hepatic fibrosis to
angiosarcoma, although postulated,® has not been
observed.

The two patients described here were originally
included in a series of seven VCM workers with por-
tal hypertension.? They were followed for five and
10 years respectively from the time of diagnosis of
portal hypertension to death from angiosarcoma.
During this period they were not further exposed to
VCM. Their case histories indicate that hepatic
fibrosis in a VCM worker may be a precursor of
future malignant change and life-long follow-up is
necessary. We know of only one other similar
patient who died seven years after a portacaval
shunt from an angiosarcoma.$

Non-cirrhotic fibrosis can also occur in the
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absence of portal hypertension, and may then be
difficult to detect. It does not lead to a disturbance
of liver function tests and may even be missed on
needle biopsy of the liver.? Greyscale ultrasonogra-
phy is a useful diagnostic aid,!* but it has yet to be
used in a large industrial survey, and there are prob-
ably several unrecognised affected VCM workers.
Stringent measures to control levels of ¢ re
should lead to eventual disappearance non-
cirrhotic fibrosis. Those patients who already have
the condition, however, are still at risk of developing
hepatic angiosarcoma in the future.

A problem highlighted by the second case is that
angiosarcoma is, by definition, a vascular lesion, and
there is a risk of uncontrolled haemorrhage after
blind liver biopsy. We believe, therefore, that the
diagnosis should be sought either by laparoscopic
biopsy or by hepatic angiography.

We thank Dr D M D Evans and Professor Peter
Scheuer for their help in interpreting the biopsy
material.
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Blelegic Features

Vinyl chloride (VC, CH, == CHCL) is a monomer used mainly to make
polyvinyl chloride (PVC), an essential material to our daily life. In 1974,
Creech and Johnson reported hepatic angiosarcoma in workers associated
with the manufacture of PVC.! The first case of hepatic angiosarcoma in
YC workers was identified in 1961.* This finding was later subgtantiated
by experimental inhalation study in laboratory animals. ™

Although the definite mechanism has not been elucidated, recent ani-
‘mal studies have suggested that VC, like many other carcinogens, is not
carcinogenic without metabolic activation.® Study in rodents revealed
that VC was activated by cytochrome P-450 into epoxide (chloroethylene
oxide), which could alkylate the macromolecules of cells and lead to neo-
plastic transformation. This explanation is strengthened by the findings
that the exposide is a strong mutagen.®

Mice exposed to 50 to 1000 ppm of VC in the air for 6 hr/day, 5 days/
wk, develop hepatic angiosarcoma after 68-12 months.* The incidence of
this tumor is related to the VC level and the length of exposure. Angiosar-
coma also developed in spleen, mesentery, and subcutaneous tissues. Rats
exposed to the same levels of VC require a longer time to develop tumors
and do not have the toxic effocts scen in some mice, such as acute toxic
hepatitis, tubular nephrosis, and early death in groups given higher doses.
Exposure to VC followed by a 1-year recovery period did not diminish the
incidence of development of these tumors.”

Vinyl chloride-induced hepatic angiosarcomas in mice or rats usually

Publication sponsored by the Registry of Comparative Pathology of the Armed Fosces Institute of
WMWMWWM&MWWIM&MHME
sources, Wdﬂd&!&nﬁunﬂw&-&bmdm
ated for Rescarch and Education in Pathology, Ine. Address repriat requests t Dr. C. B. Hong, Live-
stock Disease Diagnostic Center, Univorsity of Kentucky, 1490 Newtows Pike, Lexington, KY 40511,
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_Grossly, the tumors are soft, friable, and red in color. Thehrponuhve
often ruptured and formed a blood clot or filled the sbdominal cavity with
ablood-ﬂnged fluid. Microscoplcally, the earliest recognizable neoplastic .
foci consist of erythrocytes admixed with a cluster of immature endo-
thelial cells. These foci are usually located in dilated intralobular sinusoi-
dal spaces (Figure 1). ‘!hwcll-dwolopodWmeompaadof
aggregates of irregular vascular channels that are lined by neoplastic
endothelial cells and filled with erythrocytes (Figure £). The neoplastic
mass expands and progressively replaces the liver cords. The neoplastic
cells can be divided into two types: 1) large spindle cells that resembls
endothelial cells and are arranged in capillary networks and £) large,
round, or polygonal cells with no special pattern of arrangement. These
cells may fuse to form giant cells. Mitotic figures are not an uncommon
finding. Peliosis, extramedullary hematopoiesis, and liver necrosis are
commonly associated with this tumor,

: The clinical signs are not detected until late in the course of the disease.

The animals with advanced angiosarcoma have anemia with generalized
edema, apparently due to rupture of the tumor or leaking of blood from

" the neoplastic mass. The anemia could also be due to abnormal vascula-
ture, which induces a microangiopathic type of hemolytic anemia.

Comparison With Human Dissase

Microscopic features and tumorigenesis of hepatic angiosarcoma from
rats and mice induced by VC resembles closely that which develops in
man exposed to VC, thorotrast, and arsenic.® In rodents, primary angiosar-
comas can also be found in spleen, mesentery, subcutaneous tissue, and
other sites. In man, the liver is the only organ affected. Furthermore, YC
induces a variety of tumors other than hepatic angiosarcoma in rodeats,
including hepatocellular carcinoma, skin tumors, and osteochondroma,™
bronchioloalveolar and mammary gland tumors *7 in mice, and malignant
lymphomas *’ in mice and rats. In man, hepatocellular carcinoma is the
only tumor besides hepatic angiosarcoma suspected to be associated with
VC exposure.!®

Usohuiness of the Medel

Vinyl chloride s able to induce hepatic angiosarcoma in many species
of laboratory animals. The model can be used to set up guidelines for the
tolerance level of VC for workers in PYC plants. The model also provides
an opportunity to study the possible adverse effects on the hepatocytes,
including tumor induction, caused by the dysfunction of the other com-
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) 1—Photomicrograph of liver from a mouss exposed to 1000 pom VC. Nole the sarly de-
of angiosarcoma in dilated sinuscids. (HAE, X940) i
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turers. All small Iaboratory animals are susceptible to VC in terms of be-
patic angiosarcoma induction. Angiosarcomsa can easily be induced in
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Patterns of Finger Capillary Abnormalities in Connective
; Tissue Disease by “Wide-Field” Microscopy

Hildegard Rand Maricq and E. Carwile LeRoy

The fingers of 75 patients with connective tissue disorders were examined
by "wide-field” capillary micrescopy. Four diagnostic groups were in-
cluded in this study: rheumatoid arthritis—28, scleroderma—22, dermato-
myositis—8, and systemic lupus erythematosus—17. On the basis of
different patterns ol elementary microvascular abnormalities and their
distribution, 3 distinct groups were recognized among these patients:
1) increased visibility of nailfold subpapiilary plexus in rheumatoid arthri-
tis, 2) massive capiilary dilatation in scleroderma-dermatomyositis, and
3) focal lass of capillaries and prominence of subpapillary vessels with
“punched-out” lesions in systemic lupus erythematosus.

Skin lesions arc prominemnt features of rheu-
natic or conneetive tissue diseases. A variety of
dinically recognizable cutancous changes have
ken described, most of which include aliera-
was at the microcireuliatory level (1, 2). Many
mvestigntors have observed these changes mi-
wuscopically &7 vive (3-19). By this method of
miravital  microscopy  several  microvascular
viomalies hive been described: viz, a) dilata-
won of capillary loops; b) dilatation of sub-
ppillary venules; ¢) distortion of the normal
xchitecture of microvessels in the form of exees-
wve elongation. tortuosity, or sacculition; d)
Wss of capillaries; and ) extravasation of red
wlls. Such clementary microvasculitr changes
are not specific, having been reported in sev-
eral different connceetive tissue diseases, as well
sother disorders.

The small ficld of observation has made it
dilficult 10 demonstrate characteristic patterns

From the Veterans Administration Hospical, Lyons,
New Jersey, Fssex County Hospital Center, Cedar Grove,
New Jersey, and Columbia University College of Physi-
cuns and Surgeons, New York, New York.
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of these clementary lesions. To compare one
discase group to another or o normal controls,
it has been necessary to count and/or to mea-
sure the anomalous microvessels i one or sev-
cral ficlds of observation (19).

In the present study 4 groups of patiegs with
connective tissue disorders have heen examined
by the “wide-field™ method (20) in an attempt
10 define patterns of microvascular pathology in
these four discase categories. ‘Three separable
patterns of microvascular abnormalities can be
recognized.

MATERIALS AND METHODS

Subjects

Seventy-live patients attending the Edward Daniels
Faulkner Arthritis Clinic of the Presbyterian Hospital with
the lollowing connective tissue disorders were studied:
rheumaoid arthritis—24, sclerederma =22, dertnatomyo-
sitis—8, and systemic lupus crythematosus~17. They

““ranged in age from 510 73and included 63 women (25 RA,

16 8D, 6 DM, 10 SLE) and 12 men (3 RA, 051), 2 DM,
and | SLE).

All patienis with RA could be clussified as classical or
definite by the revised American Rheuminism Assoviation
Criteria (21). "The diagnosis of SI} was made by the definite
presence of hidebound skin, often with biopsy canfirmation.
The diagnosis of DM was made by the presence of myositis.,
requiring muscle weakness. elevated serum levels of musele-

619
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Table 1. Selected Clinical Parameters of Patients Studied

MARICQ & LEROY FINC

? Rheumatoid Systemic lupus
H arthritis Scleroderma Dermatomyositis erythematosus
i , (N = 28) (N=22) (N = 8) (N=17) .
3 . Age. mean, years 48 46 34 31 v
I3 (range) (15-72) (16-62) (5-73) (9-68) i
g Sex. female/male 25/3 16/6 62 161 A
7, Duration. years ¢
3 from symptom onset 125 5.3 1.3 7.1
e from diagnosis 11.0 23 1.1 46 .
Raynaud's phenomenon - 19722 0/8 - _ i
Therapy
Aspirin 21 5 o] 4
Gold 17 0 0 [o] ;L
Steroids 3 4 8 14 &'
immunosuppressive* 1 0 2 -3 h }
Vasoactivet [o] 9 0 [v] !

tGuanethidine

derived enzymes and abnormal electromyographic findings.
and the characteristic dermatitis of the hands or face. All
paticnts with SLE fulfilled at least 4 of the 14 critcria re-
cenily suggested for that diagnosis (22).
: Patients with features of more than one rheumatic syn-
b drome (“mixed” or “overlap” syndromes) were excluded
from the study. Because of the clinical variahility of the syn.
drome, patients with patymyositis were also excluded from
the present study.
Patients with well-established diagnoses were examined
at all stages of their discase without selection. Selected clini-
cal features of these patients are shown in Table 1.

Methods

The nailfold area of all 10 lingers was examined in each
patient under a wide-field sterco microscope (magnification
X 12) after placing a drop of immersion ail an the skin to fa-
cilitate visualization of the vessels. ‘The light source for ab-
servations was a low-voliage lamp which delivered no ap-
preciable heat to the skin arca under study. Other pants of
the fingers (finger pads, dorsum of fingers from distal to
proximal phalanges) were then inspected for any visible
vascular changes which were examined as abave. The ex-
tent of the visible subpapillasy plexus in the naillolds was
measured accarding to a previously described scoring sys-
tem (20), which scares each finger from 0 to 4 based on the
size of the area where the subpapillary plexus can be seen.
The total xorce for 10 fingers is the plexus visualization

620

*Azathioprine (3), cyclophosphamide (1), or melho\rexate_ 2. -
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score (PVS) of the individual. No atiempt was made tn mes
sure individual eapillary loaps.

Although the capilliaries itre not exactly alike inans gner
area of the skin, the ficld of observation under a microsgr
is cather uniform in normal subjects (Figures 1A and 20
With the wide figld of ohscrvation, it was possible tn atxene
patterns of dilated or deformed microvessels and to contere
them with surrounding normal capitlirics. the appestass
of which was known {ram previeus experience. Enirai i
sation of red blood cells was also recorded. ’t

Observations were supplemented by photographs tale
with a single-lens rellex camera fitted with a macrip
tographic lens and bellows using the light of an elese, {
flash. as previously deseribed (20).

RESULTS k
Rheumatoid Arthritis
A large number of paticnts with rheumatnt 3
arthritis (RA) had an extensive visible sut- |
papillary plexus in the nailfold (Figure 1B ¢
Twenty-two of 28 paticnts (79%) had a AN -
of more than 10 points, a valuc obscrved 2
approximatcly 3% to 6% of healthy aduly
(23,24). The fingers of rheumatoid p
tients were also unusually pale, requiring ) :
to 4 times less photographic exposure tha

Arthri

~c«\q_; .
W
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Fig 1. (A) Typical nailfo!d capliary pattern ot a normal adutt. (8) Naiitold capillary pattern of a patient with rheumatoid arthritis. Note the sub-
papillary plexus (SP) and the “shadows " of deeper and larger venules (V). (C)} Na:lfold capillary pattern of a patient with dermatomyaositis. Note
the presence of large dilated capillary loops near the edge of the nailfold in both ¢ and d. (D) Nailfold capillary pattern of a patient with sclero-

derma.
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Fig 2. (A) Representative area of surface microvesseis on the dorsum of the middie phalanx
in a healthy subject. (B) Prominent subpapiliary plexus and scarcity of capillary loops on the
dorsum of the middle phatanx of a patient with SLE. (C} A “'window” lesion on the dorsa!
finger skin of a patient with chronic SLE showing clinically visible erythematous lesions on

the finger. (D) A ciuster of large dilated capillaries on the side of the proximai phalanx in 2 |
patient with scleroderma. 1

|
those of normal subjects. Capillary hemor- ‘atically studicd under the microscope. The ex- !
,

rhages were noted in 6 patients. No grossly vis-
ible vascular alterations were abserved clini-
cally an other pants of the fingers in RA

“subjects; these areas were therefore not system-

amination was dilicult in many patients duc o
hand deformitics. Prominent visible venules on
the palmar side of the fingers were noted in §
patients; palmar crythema, in 2 patients. Thus

622 Arthritis and Rheumatism, Vol. 16, No. 5 {September-October 1973}
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Fig 3. (Left) Finger pad of a patient with scleroderma. Note the cluster of dilated capillaries
contrasting with the normal capillaries visible along the finger ridges. (Right) Finger pad of
a patient with SLE. Note the absence of capiilaries and prominence of the subpapillary plexus
compared to usual ridge pattern visible in lower right corner.

the predominant pattern in rheumatoid subjects
was an exiensive visible subpapillary plexus of
the nailfold.

Scleroderma and Dermatomyositis

These two diagnostic caegories presemed
many similarities amd no major differences in
their vascular patterns, and the results are
therefore deseribed together.

In both gtoups the most striking finding was
the presence of enormously dikted capillaries
eontrasting  with  the surrounding  capillary
loaps.. These giant capillaries were especially
well seen in the nailfold (Figures 1C and JD),
but chusters of dilited capillary foops vecurred
also on more proximal parts of the fingers (Fig-
ure 2D)) and on finger pads (Figure 3, Lef).
The dilated capillaries. were purple and fre-
quently scen on a background of pale skin.
Groups of moderately dilated capillaries were
also seen, but these were not characteristic and
wwuld afso be ubserved in the systemic lupus ery-
themagosus - group. Small avascular  scarred
areas surrounded by a cirele of dilated capil-
faries were noted in the knuckles. ‘The sub-
papillary plexus in the nailfolld was scen less
frequently here than in the rheumatoid group
and was of a dilferent character, being asso-

Arthritis and Rheumatism, Vol. 16, No. 5 (September-October 1973)

ciated with obviously atrophic skin. Sub-
papillary plexus was occasionally alse observed
in proximal linger skin where chingiecianie’
spots were visible 1o the naked eve. Capillary
hemorrhages were frequent in both categories
of patients and were espeetally nunserous in the
2 patients with acute dermitomyasitis who died
i few days after eximination.

There were only 3 patients in the sclero-
dermi (SD) group whao had not reported hiwing
Raynaud’s attacks. Microvascular patterns in
these patients were similir (o those ol other
patients with SD and all 3 had large dilated
capillary loops in their nailfolds. None of the 8
patients with dermatomyositis (D) had expe-
rienced Raynaud’s phenomenon.

Systemic Lupus Erythematosus

This group of patients had the widest variety
of microvascular anomulies and the greatest
variation from patient to patient. "This could he
duc to the Gret thit, whereas piients with 5D
or DM all had clinically  recognizable 'in-
volvement of the fingers. only 6 patients with
systemic lupus erythematosus (SLEY had obyi-
ous lesions on the fingers. 1 these 6 patients,
arcas of loss of capillaries with prominent sub-
papillary plexus were the major findings (Fig-

623
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eye. (The skin is slightly oily from preceding microscopic examination and makes such observa.
tions easier). (B} Nailfold vascular pattern of the same finger with the wide-field technique.
{Area within frame of Figure 4A at higher magnification.) (C) A portion of the same nailfold.

(Area within frame of Figure 4B at higher magnification using Leitz microscope with 6.5
Ultropak objective).

ures 2B, 3Right, 5A, and 5B). In | acute casc ~ The more chronic lesions gave the impressin
these lesions were diffuse and accompanicd by of “punched out windows™ in the skin thraough
extravasation of red cells and a yellowish exu-  which deeper vascular layers could be scen. The
date (Figure 2B). center of the lesion was almost avascular, with

624 Arthritis and Rheumatism, Vol. 16, No. 5 (September-October 1973| ¢
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Fig 5. (A) Nailfold vascular pattern of one of the fingers of the patient shown in Figure 2C. Note the relative similarity of the portion of the nail-
fold (upper right) and the more proximal “window™ lesicn (lower left) seen s this picture. {B) Nailfold of a patient in an acute phase of SLE. Note
the prominent subpapiiary plexus and groups of sharply defined dark capillaries contrasting with pale areas where no capillaries can be seen
(leukopenia, hypocomplementemia. erythrocyte sedimentation rate (ESR) = 150). {(C) The same nailfold of the patient shown in Figure 5B 4
months later, atter partial control of SLE activity (ESR 75. normal white blood cell count (WBC) and serum complement). (D) The same nailfold

8 months after Figure 58. The patient was in remission (normal ESR, WBC. and serum complement).
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Table 2. Microvascutar Observations

Rheumatoid Systemic fuput
arthritis  Scleroderma Dermatomyositis erythematosu
(N=28) (N=22) (N=28) (N=1%
7
Nailfold .
Large dilated capiliaries 0/28* 17/22 7/8 117
PVS > 10 (visible subpapillary plexus) 22/28 6/18 177 7/1%
Other parts of finger
Clusters of dilated capillaries 0/28 12/16 - 6/8 0/17
Generalized visibie subpapiliary plexus —_— 0/18 (V724 a/14
"Window" fesions - 022 orgl 517
Capillary hemorrhages 6/28 16722 6/8 1417

*Number of subjects with given abnormality in the numerator, total subjects examined for that feature
in the denominator. The denominator varies for certain observations due to pigmentation in dark-skinneg
subjects which interfered with visualization of capillaries to a varying degree at each anatomic site.

rare subpapillary vessels (Figure 2C). Even in
patients whose hands showed no clinical Iesions
a subpapillary plexus was frequently scen (if
not in the nailfold then on the proximal finger
skin). ‘There were alsa groups of small, sharply
defined capillarics —darker than the surround-
ing capitlaries—that gave the skin a mottled
microscapic appearance. 1t was difficult te esti-
mate capillary dilatation here hecause only the
tips of vessels were visible. Occasionally, clus-
ters of definiic enlarged capillaries werce seen in
addition to the mottling. Large nailfold loops
were observed in only one patient, but unlike
scleroderma. the giant loops were associated
with an adjicent *“*punched out™ lesion (Figure
5A). Capillary hemorrhages were frequently
observed in patients with SLE, with or without
obvious skin invelvement. A tabulation of ele-
mentary lesions seen in the three groups is
shown in Table 2.

DISCUSSION

Most investigattons of capillacy microscopy

“of human skin have been performed on the nail-

fold because it is technically the easiest arca to
examine. Although skin lesions in connective
tissue disease may involve the nailfold areas,
few authors describe the gross appearance of

626

nailfold skin or mention gross lesions when re.
porting capillary microscopy.

Other investigitors have studied individud
skin lcsions in various arcas of the body ind
comparcd these with the skin of healin
peaple (3.5-7. 9,10, 13). Becausc of the saul

ficld of ohservation, however, only a few cle-

mentary microvascalar lesions are visible in

previous illustrations. (For example, giant cap-

illaries have been reported in S and DA s
many previous workers who have scanncd the
nailfold area, but their illustrations include emh
a very limited number of capillarics.) Although
in 1953 Gilje advocated capillary microscopy
a “biopsy” of living tissue and proposed the
technique as an aid in differential diagnosis. o
has not found broad cinical application. From
the present work it is proposed that discase en-
tities arc characterized by specific patterns of
clementary lesions rather than any specificity of
the clementary lesions themsclves; moreover,
wide-ficld microscopy is essential for the obser-
vation of paiterns of clementary lesions rather
than the individual lesions separately. (Elemen.
tary lesions seen in such patterns are similar w
and in agrcement with those reported earlier I
smaller ficld techniques.) Although use of
loupes and Jow-power microscopes has been
recommended carlier, capillary microscopy has

Arthritis and Rheumatism, Vol. 16, No. § (September-October 1973)
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PNGER CAPILLARY ABNORMALITIES

geradly heen restricted to smaldl ficld phow-
gaphs and drawings.

In the present study the wide-lield method
s allowed observations of patterns of vascular
thaarmatities and compurisons with surcound-
ng “normatl” skin, allowing one 1o relute the
picroscopic examination 1o clinically visible
wascular lesions. Skin arcas with erythemaous
spets barely detectabile grassly can be chavacter-
wed hy wide-field microscopy and smadler areas
an cusily be selected from the wide-field pat-
teems for study w higher magnification. Uhe se-
quence of phatographs fram the same skin area
shown in Figure 4 iltusteates this point. The
wide-field technique also facilivies sequential
sinervations of microvascular fesions (Figures
38, 3C, and 51)) beeause of the case in relocat-
ing the skin arca and lesion. This work also
demonstrates that the examination of ather
pirts of the finger adds microvascatar informa-
tion in these disorders withour the additional
equipment needed  for examination of other
parts of the body.

The results of this investigation (Table 2)
show overlap of elementiry microvascular le-
sions i all 4 groups of disarders. On the hasis
of the puttern and distribution of these elements
on the finger, 3 distinet patterns can be recog-
nized:

I. The presence of visible  subpapillary
plexus in the nailfold withow gross dilatation
or deformation of capitlary loops was character-
istic of the RA group. This pattern is not spe-
cific for RA and can be found in other condi-
tions such as rheumatie fever, chronic
cheumatic heart discase, arteriosclerosis (12),
and schizophrenia (24).

2. Large ditated capillary loops in the uail-
fold and on finger pads or proximal phalanges
were  chararteristic of  seleroderma-derma-
wmyositis patents and may have dingnostie
value. ’

3. In the SLE graup, the must characteristic
finding was the loss of capillaries and promi-
nence of subpapillary vessels in linger skin

Arthritis and Rheumatism, Vol. 16, No. 5 (September-October 1973)

where the subpapilliry plexus is normally not
visible. “This phenomenon  wis most pro-
nounced in discoid lesions but was also present
1o & lesser degree where only ill-defined lesions
were scen.

The circle of horizontally-oriented capillaries
surrounding s small aviscabar area found espe-
cially on konuckles in SD, DN, and sometimes
in SLF apparently represents a phase in wound
healing (25).

Since this study was designed to explore and
define patterns of microvascular lesions in vari-
aus cannective tissue disorders, the specificity of
the proposed chavicteristie patterns should be
verified by ainother study o which nnero-
vascular patterns are examined “blindly™ from
photographs.
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Capillary Abnormalities in .
Polyvinyl Chioride Production Workers

Examination by In Vivo Microscopy

Hildegard R. Maricq, MD; Maurice N. Johnson, MD;
Charles L. Whetstone, MD; E. Carwile LeRoy, MD

¢ Examination by wide-fleld capiltary microscopy of the hands of 152
workers in vinyi chioride (VC) polymerization plants demonsirated scat-
tered, scleroderma-like microvascular abnormalities in 21 workers and iso-
tated caplilary abnormalities in 27, as compared with only three isolated ab-

normalities in 50 manual workers not exposed to vinyl chloride. Thirteen of -

17 VC workers with objective evidence of VC-assoclated abnormalities (an-

. glosarcoma or fibrosis of liver, acroosteolysis, or scleroderma.like skin te-

sions) were observed to have microvascular abnormalities.

If prospective studies confirm the implications of this study, capillary mi-
croscopy may become a useful mass-screening procedure in the early de-
tection and prevention ot VC-assaclated disease.

(JAMA 236:1368-1371, 1976)

INITIAL reports of human disease in
which vinyl chloride (VC) has been
implicated as pathogenetic were lim-
ited to descriptions of such peripheral
changes as distal phalangeal resorp-
tion, ie, acroosteolysis (AOL).'-* Re-
cently, a systemic effect of VC has
been suggested by an unusual pat-
tern of hepatic portal, intralobular,

. and capsular fibrosis; angiosarcoma of

the liver; and pulmonary functional
abnormalities suggesting early pul-
monary fibrosis, all of which occur
more frequently among workers em-

_ployed in polyvinyl chloride produc-

tion plants than among the general
population,*-** Furthermore, animal

From the Division of Rheumatology and im-
munology, Depariment of Medicine, Medical
University of South Carolina, Charieston (Drs
Maricq and LeRoy); The B. F. Goodrich Com-
pany. Akron, Ohio (Dr Johngon); and Continen-
tal Oil Company, Ponca City, Okia (Dr Whet-
stone).

Reprint requests to Division of Rheumatology
and Immunology, Department of Medicine, Med-
ical University of South Carolina, 80 Barrs St,
Charleston, SC 28401 (Dr Maricq).
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experiments have demonstrated that
VC can produce a variety of tumors in
rodents. !t ’

There are several similarities be-
tween VC disease and scleroderma
(systemic sclerosis): Raynaud phe-
nomenon is prominent among the
symptoms associated with AQL»#%3;
localized scleroderma-like lesions
have been reported in some patients
with AOL>'%; and, in both VC-associ-
ated disease and scleroderma, small-
blood-vessel lesions and interstitial
fibrosis are thought to be important
in pathogenesis, %14

In scleroderma, changes in small
blood vessels of the skin have been

observed in vivo by capillary micros-,

copy.*¢ Using the technique of wide-
field capillary microscopy, distinctive
abnormal capillary patterns in the
fingers of patients with Raynaud syn-
drome and scleroderma bave been
demonstrated.'* Furthermore, a posi-
tive correlation is noted between the
severity of capillary pattern abnor-
malities and muitisystem involve-

JAMA, Sept 20, 1976—Vol 236, No, 12
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ment in these connective-tissue dis-
orders.!' The possibility that VC-
associated disease might be charac-
terized by microvascular abnormal-
ities similar to those observed in
scleroderma led to the present study
of VC workers, using techniques of
wide-field capillary microscopy. The
specific questions of this study were
the following: (1) Do symptomatic VC
workers have finger-skin-capillary
abnormalities? (2) Are the abnormal-
ities similar to or different from those
seen in patients with idiopathic
scleroderma and Raynaud syndrome?
(3) Are microvascular abnormalities
related to the type of VC-associated
abnormality (peripheral vs systemic),
especially liver abnormalities? (4) Are
microvascular abnormalities related
to the nature and duration of VC-ex-
posure? (§) Are microvascular abnor-
malities found in a control group of
manual workers not exposed to VC?

SUBJECTS

VC Workers Selected by Symptoms
(n=44).—The 44 subjects in this group
gave a history of symptoms and signs
possibly related to VC exposure. They
were 31- to 57-year-old men (mean
age, 42 years) who had worked in the
polyvinyl chloride industry for 5 to 28
years (mean, 15 years). A history of
past reactor-cleaning  experience
(ranging from 0.2 to 8 years; mean,
2.5 years) was present in 35 of 4
workers. Table 1 shows the com-

plaints and the pathologie findings in

group 1.
YC Workers Selected by Question-

Caplllary- Abnormalitiss—Maricq et .al

AP00024390



Two of the seven patients with ma-
jor bleeding episodes in:the inter-
mittent therapy group were switehed
from intermittent to continuous
treatment. These two patients were
selected because of ease of observing
bleeding and because of need for fur-
ther treatment with anticoagulants
(both had pulmonary emboli). One pa-
tient had gross hematuria and one
had extensive surgical wound bleed-
ing. Both bleeding episodes were al-
fowed tgp stop, with the return of the
aPTT to normal prior to instituting
continuous treatment, and neither
patient was given a bolus of heparin
prior to continuous heparin therapy.
Neither patient demonstrated any re-
currence of bleeding while on contin-
uous treatment. Two patients from
the continuous therapy group were
changed to intermittent therapy; one
because of difficulty maintaining an
intravenous line and one because the
attending physician thought that
oontinuous therapy was inadvisable.
The latter patient had no evidence of
hleeding in the seven days on contin-
uous therapy, but four days after
starting intermittent therapy, heavy
surgical wound bleeding ensued and
treatment had to be stopped. For sta-
tistical purposes, this patient is
counted as a nonbleeder on contin-
uous treatment.

Puimonary Emboll

Three patients were suspected of
having pulmonary embeli while on
heparin therapy because of symptoms
of ‘either acute dyspnea and chest
pain, pleuritic chest pain, or he-
moptysis. Repeat lung seans in the
latter two patients did not show evi-
dence of emboli (one patient on inter-
mittent treatment and one on contin-
uous treatment), The first patient had
& pulmonary embolus proved by pul-
monary arteriogram while on contin-
uous heparin therapy for dissem-
inated intravascular clotting. This
patient had an aPTT of 49 seconds on
the day before the puimonary em-
bolus, and anwPTT taken at the onset
of symptoms was shortened to 22 sec-
onds. No change in the mode of con-
tinuous heparin therapy had been in-
stituted in the interim. This suggests

JAMA, Sept 2@, 1976—Vol 236, No. 12
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rin resistance and embolism.

COMMENT

In this study, patients receiving in-
termittent heparin therapy had sig-
nificantly more major bleeding epi-
sodes (33%) than patients receiving
continuous therapy (0%). This agrees
with the findings of Salzman et al®
who reported 1% major occurrences of
bleeding in patients on continuous
hoparin treatment vs 8% in the inter-
mittent group. However, Mant et af*
found no difference in bleeding epi-
sodes between continuous and inter-
mittently treated patients. In their
study, continuously treated patients
received a significantly greater daily
heparin dose than the intermittent
group, whereas in the present study
and in the one by Salzman et al,? in-
termittently treated patients re-
ceived significantly higher doses. The
discrepancy between the results of
these studies may be explainable on
this basis: Mant et al* had 12.5% ma-
jor hemorrhages in their continuous
therapy group receiving 34,151 units
of heparin daily compared to no ma-
jor hemorrhages in our patients re-
ceiving 24,000 units of heparin daily.

It seems probable that the tran-
siently high blood levels of heparin
achieved with intermittent therapy
predisposes these patients to hemor-
rhage.

Minor bleeding episodes in the pres-
ent study were also more frequent,
but not significantly so, in the inter-
mittent therapy group (48%) of pa-
tients than in the continuons therapy
group (80%). In our study, one patient
(2%) died of hemorrhage, which is
similar to the mortality (2%) in the
report by Salzman et al? As in a pre-
vious report,® cur bleeders were sig-
nificantly older than nonbleeders, but
we could find no female pre-
ponderance.

The use of antiplatelet drugs prob-
ably is unwise in patients on full-dose
heparin treatment, and aspirin may
have been a predisposing factor in
the two patients who bled heavily
when receiving intermittent treat.
ment. The number of patients receiv-
ing aspirin in the continuous therapy
group was similar to that in the inter-

et .

It is difficult to indiet the concomi-
tant use of warfarin and heparin in a
bleeding diathesis since the majority
of patients in this study were given
both drugs simultaneously at some
time, but only two patients bled while
receiving both drugs. Basu et al* sug-
gests that keeping the aPTT greater
than 1% times the control will prevent
pulmonary emboli in patients on con-
tinuous therapy. Five of the 162 pa-
tients in that study had a clinical-
ly evident recurrence, generally when
the aPTT was less than 1% times the
control for more than two to five
days. We could not define a lower
limit of heparin dosage to prevent re-
current thromboembolism since only
one patient had proved pulmonary
emboli while on treatment, nor could
we define an upper limit for contin-
uous treatment since no patients in
the group bled excessively.

Becguse the question arises of
whether patients who are bleeding
while receiving intermittent treat-
ment can continue to receive anti-
coagulants, two patients with severe
bleeding episodes on intermittent
treatment were switched to contin-
uous treatment and in neither case
did bleeding resume, This indicates
that some patients who bleed while
receiving intermittent treatment
need not have their anticoagulant
permanently discontinued if the
heparin can be given by continuous
infusion.

This investigation was supported by the Oscar
Mayer Foundation and Family Truat.
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‘* §-»¢ naire (n=108).—These subjects were

seleeted on the basis of their answers
to a questionnaire used in the poly-

-vinyl chloride production plant to de-

tect early AOL. All available subjects
who had given one or more affirma-
tive answers t{o the questionnaire
(Q+) were examined, a total of 66
subjects. Seventy-one subjects were
examined from a random selection of
those who had given negative an-
swers to all questions (Q-). Data on
29 of the 137 subjecis examined were
excluded because of unreliable obser-
vations caused by skin injuries or
deep pigmentation. leaving 108 em-
ployees (50 Q+ and 58 Q-) in this
group. ‘

Control Manual Workers (n=350).—
The possibility that repeated minor
injuries associated with manual labor
might contribute to the abnormal
findings seen in VC workers led to the
examination of workers from compa-
nies making neither VC nor polyviny!
chloride and hospital employees work-
ing as carpenters, truck drivers, and
maintenance men, a total of 50 work-
ers. All were men and ranged in age
from 19 to 62 years (mean age, 43
years).

METHODS

Wide-field Capillary Microscopy.—The
technique of wide-field capillary micros-
copy as previously reported' consists of
the observation of selected skin sites under
immersion oil, using a stereo wide-field mi-
croseope at magnification x 12, Wide-field
microscopy permits the detection of micro-
vascular patterns, such as the presence
and distribution of dilated or deformed mi-
crovessels and the absence of capillary
loops, without attempting to measure ab-
solute vessel dimensions. The technique is
rapid and suitable for mass screening.

Twelve standard sites were examined in
each subject: four nailfolds and two each
of the following sites: dorsum of the distal
phalanx other than the nailfold, dorsum of
the middle phalanx, dorsum of the proxi-
mal interphalangeal joint, and the finger
pad.

Photography of Microvessels.—The wide-
field photographie technique as previously
described** was used to photograph at least
one finger of each subject. All photographs
were coded for blind comparison of capil-
lary findings in VC workers and control
subjects.

Clinical and Occupational Data.—All sub-

" jects were interviewod a3 to length of em-

ployment, job assignment, general state of
health, presence or absence of Raynaud
phenomenon, and smoking and drinking

JAMA, Sept 20, 1876—Vo! 236, No. 12

Table 1.—Clinical Findings and Complaints of Group 1 Vinyl Chloride Workers*

No. of Subjects

No. of Sub-  With Capillary

jects Examined  Changest
Severe AOL with Raynaud phenomenon 6 4
Scleroderma-like skin lesions with

Raynaud phenomenon 5 4
Liver abnormalities} [ §
Subtotal 17 1
Healed AOL with Raynaud phenomenon_ 8 Q
Heaied ACL without Raynaud phenomenon 1 [*]
Raynaud phenomenon alone [] 3
Nonspacific skin rashes without Raynaud phenomenon 7 1
Miscellaneous complaints L, 4 0
Subtotal a1 []
Total A4 17

*AOL Indicates acroosteoiysls.

10f 17 subjects with abnormal capillaries, ten had scattered changes (8/13 and 2/4 of the
two groups above) and seven had isolated changes.

$Two patients with angiosarcoma of the liver and one each with (1) portal fibrosis and en-
iarged spieen, {2) portal fibrosis with early cirrhosis and tatty metamorphosis, (3} thrombosis
of the splenic vein, mild liver damage, and reticuloendothelial cell hyperplasia, (4) fatty
metamorphosis with focal capsular and subcapsuiar fibrosls and spienomegaly with vascular

congestion,

Table 2.—Comparison of Capillary Observations Between
VC Workers and Controls*

Manual Workers

Employees of Not Exposed
VC Industry to VC
Scittered capillary abnormalities 11 [
Abnormal capillaries present, but few in number 271 3
No caplilary abnormalities seen 70 47
Total 108 50

*VC indicates vinyl chloride. Difference In the prevalence of capillary abnormalities be-
tween VC workers and controls is statistically signiticant (x2 = 16.50, P<.001).

habits. A limited physical examination was
performed. All data were coded for later
analysis and were unknown to the capil-
lary observer and photographer.
RESULTS

Group 1 (VC Workers Selected by
Symptoms),—Examination of group 1
subjects showed scattered capillary
abnormalities similar to those found
in scleroderma (Fig 1 and 2). Defi-
nitely dilated capillary loops were

_ seen in the nailfold and in other fin-

ger sites, contrasting with the sur-
rounding normal vasculature. Pale
avascular areas were frequently ob-
served. The capillary abnormalities
were usually more discrete and less
numerous than those seen in most pa-
tients with scleroderma. They were
seen more {requently in subjects with
severe AQL, liver abnormalities (as
defined in Table 1) and scleroderma-
like lesions (13/17) than in those with
healed AOL, nonspecific skin rashes,
or Raynaud phenomenon alone (4/2T;
x*=14.21, P<.001). Moreover, 5 of 6
subjects with liver abnormalities ver-

ified by biopsy specimens had micro-
vascular abnormalities (Table 1).

In a few subjects, lesions resem-
bling mini versions of clinically vis-
ible papular skin lesions were ob-
served mieroscopically (Fig 3, left). In
two subjects with active AOL, capil-
lary hemorrhages were observed un-
der the proximal nail plate in addi-
tion to the common type of “splinter
hemorrhages” under the distal nail
plate (Fig 3, center).

Group 2 (VC Workers Selected by
Questionnaire).—Dilated  capillaries
were observed in 38 of 108 group 2
warkers; both the number and distri-
bution of dilated capillaries differed’
from those observed in most sclero-
derma patients. Many group 2 work-
ers had isolated, extremely dilated
capillaries (Fig 3, right and Table 2).
No correlation was found between the
length of time employed as a reactor-
cleaner {or the length of time with
the company) and the capillary abnor-
malities. Office and supervisory per-
sonnel who had never been produc-
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& Fig 1.—Top left, Wide-field view of nallfold area in normal sub-
& ject. Bottom left, Nallfold capillaries of patient with sclero-
b derma. Bottom right, Nailfoid capillary pattern in worker of
.. polyvinyl chloride production ptant. Note similarity with pat-
: tern seen in scleroderma patients,
Fig 2.—Left, Dorsum of middle phalanx in normal subject. Center, Cluster
of dilated capiilaries in same anatomical site in patlent with scleroderma. '
Right, Viny! chloride worker with pattern similar to that seen in scleroderma.
Fig 3.—Left, Miniplaque on dorsum of distal phalanx in VC worker with acroosteolysis (AOL). Cen-
ter, Capillary hemorrhages under both distal and proximai nail plate in a vinyl chioride (VC) worker
with AOL. Right, Single extremely dilated capillary In nailfold of VC warker with liver abnormalities.
IR AT b . &8 il p e Wy
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tion workers had fewer microvascular
abnormalities (3/22) than production
workers (35/86, x*=449, P<.05);

however, production workers showed

no differences in capillary abnormal-
ities according to job category. There
was no significant difference (x*,,
1.32, P>.b) between employees who
had been classified as Q+ or Q— on
the basis of the questionnaire. It was
noted, however, that there was little
or no correlation between the re-
sponses regarding Raynaud phenom-
enon obtained from the questionnaire
and those obtained from the inter-
view at the time of examination.
Physical examination disclosed two
workers with AOL (one “active” and
one "healing” by roentgenographic
examination) and papular skin le-
sions, and ten workers with hepato-
megaly (4 em or more below the right
costal margin). The subject with ac-
tive AOL showed scattered capillary
changes, the subject with healing
AOL had a “normal” capillary exami-
nation. There was no correlation be-
tween hepatomegaly and capillary
findings.

Comparison of VC Workers With
Control Subjects.—Capillary abnor-
malities in group 2 VC workers were
significantly more frequent than in
the control manual workers examined
(x*=15.50, P < .001) (Table 2).

Analysis of Photographic Data.—
Three hundred seventeen uniden-

1 Hu'm DK, Adams WGPF: Acro-osteolysis
oceurring in men engaged in the polymerization
of vinyl chloride. Br Med J 3:712-T14, 1967.

2. Wilson RH, McCormick WE, '.l'ntum CF, et
al: Occupational acroosteolysis: Report of 81

cases, JAMA 201:577-581, 1967,

8. Dinmxn BD, Cook WA Whmhom WM, et
al: Occupational lysis: I. An epidemi
fogical study. Arch Enmm Health 22:6173,
1971.

4. Falk H, Creech JL, Heath CW, et al: He-
patic disease among workers ot a vinyl chloride
polymerization plant. JAMA 230:59-68, 1974.
© 8. Lange CE, Juhe §, Stein G, et al: Die
sogenannte Vinyl-dxlondpl(rankhut-smc be-
rufsbedingte Systemsklerose? Int Arch Ar-
bnumcd 32:1-32, 1974.

Lilis R, Anderson H, Nicholson WJ, ef al:
Preva.lenu of ditease among vinyl ch!oride snd
polyvinyl chloride workers, Ann NY Acad Sci
24622-41, 1975,

7. Marstelier HJ, Lelbach WK, Muller R, et al:
Unusual splenomegalic liver disease as evi-
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tified photographs of VC workers
were mixed with 136 photographs of
control subjects and 130 photographs
of patients with scleroderma and re-
lated diseases; all photographs were
rated for the presence of capillary
abnormalities. The results demon-
strated that significantly more VC
workers (39/152) than control sub-
jects (3/50) had capillary abnormal-
ities (,*=7.69, P <.01). Although ob-
jective, for technical reasons,
photographs are slightly less sensi-
tive than direct observations in de-
tecting capillary abnormalities.

COMMENT

The results of this study demon-
strate that cepillary abnormalities
seen in the finger skin by in vivo mi-
croscopy are present in VC workers
more frequently than in control sub-
jects. These capillary abnormalities
are not exclusively related to pe-
ripheral pathological conditions such
a5 AOL, scleroderma-like lesions
of hands, and Raynaud phenomenon,
but are also found in subjects with
liver abnormalities (as defined in
Tzble 1) and in subjects who have
papular lesions elsewhere on the
body. Microscopic papular or fibrotic
lesions can also b€ observed in VC
workers. In 33% of the subjects who
show any capillary changes, the pat-
tern appears similar to the micro-

-vascular changes seen in scleroderma;
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in the remaining majority, changes
consist of & few dilated capillaries
only; very few control subjects show
even these minimal capillary abnor-
malities. Since microvascular changes
occur more frequently than overt VC-
associated pathologic conditions in
VC workers, they may represent an
early manifestation of the VC effect.

More work is needed to determine
the nature and evolution of such mi-
crovascular abnormalities, their rela-
tionship to VC-associated disease (as
opposed to a transient reaction to VG
exposure),. and their relationship to
the subject’s susceptibility to VC dis-
ease, Further studies are also needed
to compare the capillary changes re-
ported here with those seen in small
blood vessels and endothelia of ani-
mals exposed to VC." Capillary mi-
croscopy might then be used as a re-
producible, noninvasive technique to
monitor VC workers and to identify
VC-associated peripheral and visceral
disease in susceptible individuals at
an early and possibly preventable
stage.
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Drug Addiction Among Physicians

The Virginia Experience

. Robert C. Green, Jr, MD; George J. Carroll, MD; William D. Buxton, MD

e Drug addiction among physicians appears to be an occupational haz-
ard, with chronic pain, depression, and the easy availability of drugs major

- factors leading 1o addiction. In this study of 46 cases of physician addicts

handled by the Virginia State Board of Medicine, meperidine hydrochloride
(Demerol) was the most frequent addictive agent. The Virginia disciplinary
and therapeutic plan for addicted physicians was eflective in successtully
rehubllltutlnq and returning to medical practice 72% of the 46 physician ad-
dicts reporied to the board from 1949 to 1974.

(JAMA 236:1372- 1375, 1976)

AS DRUG addiction in the general
population has increased, awareness
of addiction as an occupational .haz-
ard among physicians has also devel-
oped. In 1957, the US Commissioner
of Narcotics estimated that 1 of 100
physicians was addicted, as compared
with 1 of 8,000 in the general popu-
lation.! In New York state alone in a
25-year period, 0.5% of all licensed
physicians were reported as addiets to
the Burcau of Narcotics Control® A
1969 estimate® of 300 new physician
addicts per year is probably now too
conservative.

This communication analyzes 48
cases of drug-addicted physicians
handled by the Virginia State Board
of Medicine from 1949 to 1974, with
emphasis on background, personality
disorder, and probable causes of ad-
diction. We also discuss the board’s
disciplinary, therapeutie, and rehabil-
itative scheme.

From the Virginia State Board of Medicine,
Partsmouth.

Reprint requests ta 230 W Boscawan St, Win-
chester, VA 22601 (Dr Green).

Our study may seem small, but the
board believes these 46 cases are
merely the “tip of the iceberg.” Too
often, the problem is handled locally,
by revoking hospital privileges or by
inducing the addicted physician to
move to another state, without at-
tempts at treatment and rehabilita-
tion.

RESULTS OF VIRGINIA STUDY

From 1949 to 1960, less than one .

case per year was reported to the
board. Since 1960, the yearly inci-
dence increased to & peak of five cases
in 1968, but has gradually declined
since. One case was recorded in 1974,
although two additional cases were
reported but not included in this
study (Fig 1).

The majority of initial reports on
physician addicts in Virginia came
from state and- federal narcotics in-
spectors, with state mental institu-
tions and hospitals the next largest
source, Their distribution is as fol-
lows: state and federal narcotics in-
vestigators, 26; institutions, 10; indi-

1372 JAMA, Sept 20, 1876—Vol 236, No. 12

viduals, 5; patients, 2; other state
boards, 2; and Medical Society of V1r~
ginia, 1

Regretta.bly, legislation passed in
the 1974 Virginia Assembly no longer
makes involuntary commitment of
drug-addicted physicians a manda-

tory reportable offense to the state
board. Reporting of thése cases is
now up to the treating psychiatrist's
judgment, so there may well be fewer
cases coming to the board’s attention.

Physicians' ages in initial reports
to the board ranged from 27 to 78
years, with 2 median of 45 years. It
appears sxgniﬁmnt that a stair-step

progression developed, peaking in the
45~ to 49-year group with 18 of the 46
cases. The incidence in the older age
group was markedly lower.

The number of years in practice re-
lates directly to the frequency of ad-
diction (Fig 2). Median duration of
practice was 18 yea'rs, followed by a
gradual decline in mmdenee of drug
dependency.

Information on duratxon of addic-
tion prier to its being reported was
available in only 32 cases, but 16 were
reported within a year of onset. It is
noteworthy that some addicted physi-
cians could ‘go on for 10, 16, and, in
one instance, 18 years, without belng
apprehended.

Median age of onset of addxctlon
was 43 yesrs, with seven physicians
in the 45- to 49-year group (Fig 3).
Eight physicians’ ages ranged from °
22 to 34 years, and two were in the

‘Drug A&dlcﬁon—eroqn et al
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symptoms of influenza. Both women had primary in-
fluenzal pneumonia which was at its peak about the 7th
day from the first signs of infection. One woman died on
the 12th day, and influenza virus was recovered from
lung, liver, spleen, tracheal swabs, plasma, and buffy
coat, It now scems clear that viremia can be present in
tertain cases of influenza from the day before the first
respiratory symptoms“‘ throughout the first week of ill-
ness.’® The virus can be present and multiply in lung,
liver, and skeletal muscie of ferrer and mouse in the
absence of light microscopical evidence of viral infec-
liﬂﬂ.” 4y

A myopathy can complicate influcnza infection on
about the 7th day.!*-1% Enzymatic evidence of a myo-
pathic lesion has been identified in some patients with
Reye's syndrome.*?

We believe that certain cases of primary influenzal
pneumonia in previously healthy persons, the myopathy
associated with influenza, and Reye's syndrome, all of
which become evident about the 7th day gfter the initial
respiratory signs of influenza infection, may represent
“Tth day” dissemination of influenza virus to the
affected tissues, This hypothesis has the merit that it can
be tested with simple tools already at hand.

Requests for reprints should be addressed to J. C. P.
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PORTAL HYPERTENSION IN
VINYL-CHLORIDE PRODUCTION WORKERS

P. M. Smita I. R. CrossLEY

Department of Medicine, Llandough Hospital, Penarth, South
Glamorgan, Wales

D. M. J. WiLLiaMs

Britisk Petrolewrn Chemicals International Limited, Sully,
South Glamorgan, Wales

Summary  Portal hypertepsion was seen in seven
patients who had been involved in the
production of vinylchloride monomer for 415 years.
Four presented with bleeding cesophageal varices. In
liver biopsy specimens non-cirrhotic portal fibrosis was
inconspicuous and was seen more clearly on wedge
rather than needle biopsy specimens. The intrahepatic
venous pattern was hardly disturbed. Three patients’
have done well following shunt surgery. In one patient
an angiosarcoma developed, but fibrosis was @ more
common lesion and was probably not pre-malignant,

Introduction

FORTY-SEVEN cases of hepatic angiosarcoma have so
far been identified in workers exposed 1o vinyl chioride,!
but there have also been reports. of acro-osteolysis,
scleroderma-like changes, Raynaud's phenomenon,?-*
pulmonary ventilation disturbances, fibrosis of the por-
tal tracts,’ portal hypertension, splenomegaly, and
thrombocytopenia.t In the past 9 years we have seen
seven  vinyl-chloride-monomer (v.C.M.) production
workers with portal hypertension in a large chemical
plant producing over 100000 tonnes of poly-vinyl-
chloride annually, and we describe our findings.

Case-reports

The seven patients were aged 36-57 years at the time of
presentation, having becn exposed to v.C.M. gas for 4-15
years, for at lcast part of the time as & polymer reaction
cleaner -(1able 1). Four had a hamatemesis from cesophageal
varices and two of these were known to have had splenomegaly
and thrombocytopenia beforehand because of prior investiga-
tion for abdominal pain and a skin rash respectively. One pa-
tient, who had had a 15-year duodenal ulcer history, had an
enlarged fibrotic liver at laparotomy and large collateral veins,
and later died from an hepatic angiosarcoma. Two subjects
were found to have thrombocytopenia during a survey, and
this was later shown to be due to’ hypcrsplcmsm associated
with portal hypertension. Six of the patients had hepatomegaly
and four a paipable spleen.

Liver function tests showed non-specific and relatively
minor abnormalities (table n). One patient was minimally
jaundiced, another had & raised serum-alkaline-phosphatasc,
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TABLE 1—DETAILS OF 7 MALE V.C.M. WORKERS WITH PORTAL

HYPERTENSION
Case Age | lixposure . Liver Spleen
no yrs (yn Presentation (cm) (em)
1 43 13 Addominal psin. 4 4
’ Hzmatemesis.
2 | 4 6 Skin rash. 4 2
Hiematemesis.
3 B [ Hlemuiemens. 4 4
4 36 4 Duodenal ulcer. 4 0
s 57 i3 Hamalemesis, 6 0
[ 32 8 ‘Thrombocytlopenia ] [}
on sucvey.’ .
7 43 0 Theombocytopenia 4 4
on survey.

and two had raised transaminase levels. Four out of six tested
had an abnormal bromsulphalein retention. Plasma-protein
values and serum clectrophoresis werc normal except for one
low albumin level. '

Low platelet-counts of 39 000-80 000/mm? were present in
five out of six subjects. Tests for antinuclear factor, hepatitis-
associat¢d antigen, and mitochondrial and smooth-muscle
antibodics were negative or very weakly positive, except for
case 2, who had smooth-muscle antibodies detected in his
serum in a titre of 1/64. No paticnt gave a history of hepatitis,
contact with hepatotoxins such as arsenic, or ingestion of
known hepatotoxic drugs, but one (casc 5) drank 10 excess,
consuming a bottle of winc a day.

Intrasplenic pressure in cases 2, §, 6, and 7 was raised at 30,
25, 30, and 24 mm IJg. The wedged hepatic vein pressure in
cases 6 and 7 was slightly increased at 12 and 14 mm Hg re-
spectively. Splenic venography was performed in every case,
demonstrating the presence of a patent portal vein and
wsophageal varices. Despite this, the intrasplenic venous pat-
tern appeared normal or only very slightly abnormal in four
patients.

At laparotomy the liver appearéd finely nodular and cir-
rhotic, but biopsy revealed a non-cirrhotic fibrosis in four pa-
tients (cases 1, 3, 5, and 7) and slight fibrosis in cases 2 and
6. There was loss of portal-vein branches in cases 2 and 7. The
degree of fibrosis in most paticnts was relatively minor, mainly
involving the portal tracts only. In case 2 a necdle biopsy speci-
men was normal, and the fibrosis was detected only when a
wedge biopsy specimen was taken during a portacaval shunt,
Casc 4, who laier developed an angiosarcoms, showed a
remarkable focal severe dilatation of the sinusoids, and has
been separatcely reported.’

Of the four patients who bled from acsophageal varices, one
died two months after an cesophageal transection from hepatic
failure and Escherichia coli septiczmis. The other three (cases
2, 3, and §), have done extremely well after end to side porta-
caval shunts, surviving so far for 3, 6, and 8 years respectively.
All are on an unrestricted protein intake and show no signs of

.encephalopathy apart from a trace of hepatic fetor. ‘T'wo have
returncd to full-time work, Case 6 has recently had a small
variceal hamatemesis and is being considered for surgery.

. 603

Discussion

Much publicity followed the discovery of angiosar-
coma in workers exposed to vinyl chloride.® * but it is
our experience that non-cirthotic portal fibrosis with as-
sociated portal hypertension is & commoner lesion. The -
fibrosis has not yet proved malignant in that six of our
cases have been followed for 3-8 years with no deterio-
ration in liver function; all have been removed from con-
tact with v.c.m. The three workers who have undergone
a portacaval shunt have fared particularly, well, suggest-
ing that hepatic parenchymal function is preserved. The
apparently normal intrahepatic vascular pattern seen in
some of our patients on splenic venography, and the
high intrasplenic pressure with g slightly raised wedged
hepatic vein pressure, indicating a predominantly pre-
sinusoidal obstruction to portal flow, are similar to the
findings in non-cirrhotic portal fibrosis seen in India'®
and in chronic arsenic ingestion.!!

Hepatic fibrosis was also observed in v.c.M. workers
by Lange et al.,’ who described capsular and portal
fibrosis, aesophageal varices, splenomegaly, and thrombo-
cytopenia in addition to thickening of the collagen bun-
dles of skin. Thomas et al.!? found in 14 workers
exposed 1o v.C.M. an inconspicuous intralobular and a
conspicuous capsular fibrosis in tumour-free portions of
liver, with an increase in perisinusoidal reticulin. It has
been postulated that a metabolic product of vinyl
chioride binds to plasma-protein producing a conforma-
tional change within the protein molecule.!? This acts as
an antigen that stimulates antibody production. Anti-
body and antigen then form a soluble complex, which is
cryoprecipitable and can activate complement, and can
result inplatelet aggregation, thrombocytopenia, and vas-
cular occlusion. The vascular occlusion would stimulate
new collagen biosynthesis.!* While this mechanism may
be responsible for hepatic fibrosis and portal hyperten-
sion, we believe that 1he thrombocytopenia is @ manifes-
tation of the hypersplenism, as reduced hamoglobin and
white cell levels have been seen in some instances, and
there is no improvement on removal from contact with
V.C.M.

It has been suggested that one of the results of pro-
longed exposure to v.c.m. may be splenomegaly due 10
stimulation of splenic cells with a consequent increase in
splenic and hepatic blood-flow.!2 Portal hypertension
may result from an inability to accommodate this in-
creased hepatic blood-flow because distension of portal
vein branches is prevented by portal fibrosis, and that of
the sinusoids by capsular and subcapsular fibrosis. A
similar mechanism may also operate in Banti’'s syn-
drome. Further investigations to determine the contribu-

TABLE (2 - - BIQUIEMILAL AND HAEMA TULOGICAL DATA IN V.C.M. WOREERS WITH PORTA! HYPERTENSION

Alkaline Aspariate ’
Bilirubin phusph r H Albumin Globulin ba.p, Hb w.5C. Platelets
Case no. (amol/1) (e w.en) (f%)] (&M ({3 (/4 (rmm?) (Ymm')
1 4+ 30 1 38 24 .. 122 6900
2 17 44 ‘10 36 17 15 -10-0 12 000 56 000
3 \7 15 38 39 20 2 173 4700 80000
4 17 33 64 3t 30 17 14.0 6000 170 000
$ 17 331 64 il 31 5 120 1300 54000
[ 13 31 20 37 32 7 154 §100 61000
1. u 32 .. 34 i1 19 13.7 4700 39 000
Normal ' .
g 17 1545 13-32 35-50 15-45 $ (43 min)

w.s.¢. sWhite blood cell count

¥.3.F.sbromosulphai¢in,
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tion of splenic blood-flow 1o the poral hypcnensxon are
planned.

With improvements in technology, workers should no
longer be exposed to levels of v.c.M. gas above § p.p.m.
and it is hoped that no new cases of portal hypertension
and hepatic fibrosis will be seen. However, we are left
with the problem of how to screen workers exposed to
high concentrations of gas in the past. As hepatic paren-
chymal function is preserved, tests that rely upon con-
ventional liver function tests have proved disappointing
but we have identified two workers with portal hyper-
tension through thrombocytopenia secondary to hypers-
plenism. However, we believe that conventional tests are
not sufficiently sensitive and preliminary work suggests
that grey-scale ultrasonography may be more successful
in detecting abnormalities.'s

We thank Prof. P. J. Scheuer and Dr D. M. D. Evans for their in-
l:rprclnuon of the liver histology and Dr G. de B. Hinde for perform-
ing the splenic venograms.

Requests for reprints should be addressed 10 P.M.S.
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PROSTAGLANDINS AND ASPIRIN THERAPY IN
BARTTER’S SYNDROME

L. Norsy
W. FLAMENBAUM

R.LENTZ
P. RAMWELL

Department of Nephrology and Pediatrics, Walter Reed Army
Institute of Research and Medical Center, and Department
of Physiology, Georgetown Univeriity Medical Center,
Washington, D.C., US A.

A young patient with Bartter’s syn-
. drome was treated for three months with
100 mg/kg/day of aspirin to inhibit prostaglandin syn-
thesis. Clinical symptoms resolved and serum-potassium
increased from 2.9 to 3-5 mmol/l. Urinary excretion and
plasma concentration of prosiaglandins E and F were
significantly reduced during espirin therapy. Plasma-
renin activity declined from 85 to 20 ng/mi/h (normal
1-5-4 ng/ml/h) and hyperaldosteronism was corrected.
These results suggesi that overproduction of prostaglan-

Summary
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dins has a central role in the pathogenesis of Bartter's
syndrome.

Introduction

Bartter’s syndrome is an uncommon disorder
characterised by hypokalemia, hyperreninzmia,
hyperaldosteronism, juxtaglomerular hyperplasis, nor-
motension, and resistance to the pressor effects of angio-
tensin 11. The pathogenesis is unknown and treatment
has been largely unsatisfactory. It has been suggested!~?
that overproduction of renal prostaglandins is of patho-
physiological importance. Thiststudy further examines
the role of prostaglandins in the pathophysiology of
Bartter’s syndrome and describes the successful use of
aspirin in the treatment of a patient with this disorder.

Case-report

A 22-month-old, 7 kg gir! was referred 1o Walter Reed Army
Medical Center following s 13-month history of musle weak-
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Fig. 1-—Efect of aspirin oa plas in activity, ald, otie excretion,

and potassium balance.

ness, growth retardation, polyuria, and polydipsia. Develop-
ment was normal, Hypokalemis (serum-potassium 2.4
mmol/1) was noted three months befare sdmission and per-
sisted despite 40 mmol/day of potassium-chloride supplements.
Physical exemination was unremarkable except that height
and weight were both below the first percentile. Blood-pressurc
was 90/60. A diagnosis of Bartter's syndrome was based on
persistent hypokal®mia with inappropriate urinary potassium
losses, raised plasma-renin activity, increased urinary aldos-
terone excretion, and exclusion of other known causes of
hypokalemia. In response to § mmol/day sodium resuriction
the patient excreted less than | mmol/day in the urine. After
S days of oral salt loading, plasma-renin sactivity was sup-
"pressed from 74 10 47 ng/mi/h. A percutancous renal biopsy
specimen disclosed vascular thickening with juxtaglomerular
transformation of arteriole cells, increased number of imma-
ture glomeruli, and strophy of macula-densa cells. The renin

- AP00024398
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Fig. 2--Acute effect of aspirin on urine and plasma prostagianding.

activity of a juxtaglomerular apparatus isolated from the
biopsy specimen® was 181 ng/h. This value is three times
greater than any other humsn specimen we have analysed (un-
published observations).

Materials and ‘Methods

During the balance swdy (figs. 1 and 2) the patient received
a metabolic diet containing 20 mmol of sodium and potassium
per day. Intakc and urinary cxcretion of electrolytes were
monitored daily; fzcal losses were not measured. Blood-sam-
ples were obtained at 8 A.M. with the patient supine. Plasma-
tenin activity and urinary aldostecronc were measured by
radioimmunoassay. Immunocreactive prostaglandins of the
E-type (.6.E) and F-type (r.G.F) were determined in plasma
and urine as previously described.? All prostaglandin analyses
were done in duplicate and the variation between paired sam-
ples did not exceed 10%.

Results

The results shown in figs. | and 2 demonstrate the
acute effects of aspirin., During control observations
(days 1-5) the patient’s weight remained constant and
she was hypokalemic and in negative potassium
balance. Plasma-renin activity was markedly raised at
119 and 72 ng/mi/h (normai 1.5-4 ng/mi/h). Urinary
aldosterone excretion, uncorrected for body surface
area, averaged 14 pg/day (normal adult <20 pg/day).
Daily urinary excretion of p.G.E and p.G.F averaged 225
and 252 ng respectively. Plasma-p.G.E ranged from 224
to 363 pg/mi and plasma-r.6.F was 218 pg/mi. The pa-
tient was given 100 mg/kg/day of aspirin in divided
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doses beginning on day 6. The same measurements were
taken for five consecutive days beginning on day 8. Dur-
ing this interval the serum-salicylate was 15-20 mg/dl.
Afier beginning aspirin, as shown on the right hand por-
tion of fig. 1, the patient gained weight, potassium
balance became positive, and serum-potassium in-
creased. Corresponding to the 0-6 kg weight-gain was a
combined cumulative positivé balance for sodium and
potassium of 75 mmol. Plasma-renin activity decreased
to 22 and 10 ng/ml/h and urinary aldosterone excretion
was reduced by approximately 50%. The' effects of
aspirin on plasma and urine prostaglandins are shown in
fig. 2. Plasma and urine p.G.E were reduced by approxi-
mately 90% whercas plasma and urine ».6.F declined to
50% of control values.

After completing this phase of the study, the patient
was discharged from the hospital and maintained on the
same dose of aspirin. The same parameters were fol-
lowed at weekly intervals for 10 wk and these results are
presented in the accompanying table. During this time
the patient continued to gain weight, Muscle weakness
and polyuria resolved. Appetite and activity level in-
creased. Serum-potassium averaged 3-6 mmol/1 on
aspirin, as compared to 2-9 mol/l during control obser-
vations. Plasma-renin activity continued to be sup-
pressed, although not completely into the normal range.
Urinary aldosterone excretion remained significantly
below pretreatment values throughout the period of
observation. In response to aspirin, mean urinary p.6.E
excretion declined from 225 10 25 ng/day and p.G.F dec-
reased from 252 to 99 ng/day. Plasma-r.6.E declined
from 293 to 23 pg/ml and plasma-p.G.F was reduced
from 218 to 110 pg/mi.

After ten weeks of treatment, aspirin was temporarily
discontinued for four days. This resulted in 2 0-5 kg
weight-loss, negative potassium balance, and a fall in
serum-potassium to 2-6 mol/l. Plasma-renin activity in-
creased to 85 ng/ml/h and urinary aldosterone increased
two fold. Urinary excretion of P.G.E and P.G.F returned
to pretreatment valtues as did plasma-r.G.F. In contrast,
plasma-» G.E increased only slightly. At the time of writ-
ing the pmcnt has been on aspirin for 3 months and
scrum-potassium is 35 mmol/l without potassium sup-
plements.

Discussion

Fichman et al.? reported the first successful use of in-
domethacin in a patiemt with Bartter’s syndrome. In
their patient indomethacin caused a fall in plasma-aldas-
terone, plasma-renin activity, and prostaglandin A2,
Vascular insensitivity to angiotensin 11 was reversed and
potassium balance improved. Bartter et al! rcponed in-
creased urinary excretion of P.G.E; and rG.F, in 5 pa-

tients with this disorder. When these subiects were

DATA FROM PATIENT DURING CONTROL PERIOD AND CHRONIC ASPIRIN THERAPY

Weight IS i Pl in acvivity | Urine-ald Serumesalicyl Utine-#.6.1: | Urine-y 6K [[Masma-p ; E|Plasma-r.6.F
- (&g) {mmol/l) {ng/mli/m) (ug/oay) (mg/dl) ing/day) | ingfday) | (pg/ml) {pg/m1)
Comrol pesiod 7.0:0:8 29101 913 1442 0 225es6 | 252:s0| 293269 | 218128
Mean $(s.E.M.)
Aspirin-therapy period} 3.040-4 3610} 2015 6£2 158415 2514 9914 23318 11012
Mean (s.£5.) .
* <0-01 <0-01 <0.01 <0-01 . <0-01 0-0¢ <0-01 <601

After Rve control obscrvations the patier was givea 100 my/kg/day of sspitin. Observations were then made st weekly intervals for 10 wk.
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treated with inhibitors of prostaglandin synthetase,
serum-potassium rose and both plasma-renin activity
and urinary aldosterone excretion decreased. Verbeck-
moes et al.? also noted a favourable therapeutic response
to indomethacin but’ prostaglandin measurements were
not reported in their subject. The present study provides
additional evidence supporting a central role for pro-
staglandins in the pathogenesis of Bartter’s syndrome.
In this patient aspirin therapy was associated with a sig-
nificant fall in urine and plasma prostaglandins, reduc-
tion of renin and aldosterone production, and correction
of hypokalamia. It scems unlikely that these results re-
flect some action of aspirin other than inhibition of pro-
staglandin synthetase. The changes in urine and plasma
prostaglandins were clear cut and aspirin does not
usually cause significant alterations in sodium or potas-
sium metabolism.

The stimulus for increased prostaglandin production
and the mechanism relating prostaglandins to other
aspects of this disorder are not understood. Factors
which are known to affect renal prostaglandin produc-
tion include renal nerve stimulation, catecholamines,
bradykinin, angiotensin, ischemia, and the statc of
sodium balance. The normal pulse-rate, blood-pressure,
and vascular resistance® in these patients, does not sup-
port overactivity of the adrenergic nervous system as the
stimulus for increased prostaglandin production.

Vinci et al.” reported a decrease in plasma-bradykinin
and urine-kallikrein in several patients with Bartter’s
syndrome afier inhibition of prostaglandin synthetase,
This suggests that kinins do not stimulate the overpro-
duction of prostaglandins in Bartter’s syndrome, but
rather are secondary to increased prostaglandin syn-
thesis. Similarly, in both our patient and those reported
by Bartter et al.! and Fichman et al.,? inhibition of pro-
staglandin synthetase resulted in a fall in plasma-renin
activity suggesting that this disturbance is also second-
ary to overproduction of prostaglandins.

Renal sodium handling in Bartter's syndrome is a
controversial issue. Despite the fact that many of these
patients conserve sodium normally, several workers have
proposed primary defects in sodium absorption in the
proximal ascending limb or distal portions of the neph-
ron.*~'* Many of these proposed defects in sodium trans-
port may have been secondary to prolonged potassium
depletion.!® In two reports of patients with this dis-
order” ' renal sodium absorption was normal following
correction of potassium deficiency, Our patients showed
normal renal sodium conservation and displayed no evi-
dence of extracellular volume contraction. This argues
against negative sodium balance as a stimulus for in-
creased prostaglandin production.

Irrespective of the stimulus for increased synthesis,
several observations suggest that prostaglandins have an
important role in the vascular resistance to angiotensin
11. This vascular defect is an order of magnitude greater
in these patients than in any other disorder and is
usually not corrected by expansion of the extracellular
volume or replacement of potassium deficiency.!? 14
Several investigators have presented evidence in ani-
mals*? '¢ and humans!” showing that prostaglandins are
important modulators of the vasoconstrictor response to
angiatensin 11. Verberckmoes ¢t al.? and Fichman et al.?
have reported reversal of angiotensin 11 insensitivity in
Bartter's syndrome after treatment with indomethacin.

THE LANCET, SEPTEMBER 18, 1976

Before the use of prostaglandin inhibitors, the thera-
peutic focus in Bartter's syndrome was correction of
hypokalemia. Therapy with renin inhibitors, aldos-
terone antagonists, and potassium supplements alone or
in combination have been unsuccessful in maintaining
normokal@mia for a prolonged period. In our patient
treatment with aspirin alone resulted in resolution of
clinical symptoms and correction of hypokalzmia.
There were no adverse side-effects. These observations
are particularly rclevant to the treatment of Bartter's
syndrome in padiatric patients where the safe use of in-
domethacin and other inhibim{s of prostaglandin syn-
thetase has not been established.

We are grateful 10 Dr Sheldon Sommers for evaluating the renal
biopsy and to Ms C. Armstrong for performing the prostaglandin
assays.

Requests for reprints should be addressed to L. N., Department of
Nephrology, Walter Reed Army Institute of Rescarch, Washington,
D.C. 20012, US.A.
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TOTAL HIP REPLACEMENT IN RENAL
TRANSPLANT RECIPIENTS WITH ASEPTIC
NECROSIS OF THE FEMORAL HEAD

L. AKE GUSTAFSSON MarviN H. MEYERS
THomas V. BERRE . . :
Department of Surgery, University of Southern California
Schoo! of Medicine and the Los Angeles County-

University of Southern California Medical Center,
Los Angeles, California 90033, US.A.

Aseptic necrosis of the femoral head is a
complication of renal transplantation
which seriously delays the rehabilitation of the patient
despite otherwise successful transplantation. Of 187
renal allografi recipients, 8 underwent 14 1otal hip re-
placements. The most severe postoperative problem was
an easily reducible dislocation. All patients were relicved
of their severe preoperative pains and all were greatly
improved in mobility and strength. Renal function was
not altered in any patient..It is therefore suggested that
total hip replacement be recommended in such cases at
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Hepatic Disease Among Workers at a
Vinyl Chloride Polymerization Plant

Henry Falk, MD; John L. Creech, Jr., MD; Clark W. Heath, Jr., MD;
Maurice N. Johnson, MD; Marcus M. Key, MD

o Eleven cases of hepatic disease, including seven cases ot hepatic ang-
iosarcoma, have been identified to date among men employed at one vinyl
chloride polymerization plant. The earliest diagnosis was made in April
1964. The two most recent cases, both angiosarcoma, were diagnosed in
February 1974 as a resuit of systematic medical screening for liver abnor-
malities among workers at the plant. Ages at diagnosis have ranged from 36
to 58 years for the seven patients with anglosarcoma and from 28 to 56 years
for the four patients with nonmalignant disease; durations of employment
before diagnosis have ranged from 12 to 28 years and from 5 to 29 years. All
11 persons had worked in clese and continuous contact with various phases
of the vinyl chloride polymerization process. Review of pathologic material
suggesis the presence in both tumor and nontumor cases of portal fibrosis
and atypical sinusoidal lining cells. A direct causal relationship between ex-
posure to vinyl chloride monomer and pathologic findings Is postulated.

(JAMA 230:59-63, 1974)

CREECH and Johnson' recently re-
ported the occurrence of three cases
of angiosarcoma of the liver among
workers at a polyvinyl chloride (PVC)
production plant in Louisville. Be-
cause this tumor is extraordinarily
rare (only about 25 cases are esti-
mated to occur each year in the entire
United States), the existence of such
cases in this particular setting

See also p 64.

strongly suggests a causal relation-
ship to some phase of the PVC pro-
duction process. Recent animal stud-
ies being conducted in Italy support
the concept that exposure to vinyl
chloride monomer (VCM) may be the
mechanism involved (C. Maltoni et al,
unpublished data),

Beginning in late January 1974, in-

From the Cancer and Birth Defects Division,
Bureau of Epidemiology, Cantar for Disease
Control, Atlanta, Ga (Drs. Falk and Heath), the
B. F. Goodrich Company, Louisville, Ky (Dr.
Creech) and Akron, Ohio (Dr. Johnson), and the
National Instifute for Occupational Safety and
Health, Center for Disease Contro!, Rockville,
Md (Dr. Key).

Reprint requests to Cancer and Birth Defecls
Duision, Bureau of Epidemiociogy, Center for
Disease Control, 1600 Clifton Rd, Atlante, GA
30333 (Dr. Falk).
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tensive efforts have been devoted to
clinical and epidemiologic studies
of past and present workers at the
Louisville plant, as well as at other
PVC production plants elsewhere, in
order to define more precisely the ex-
tent of health risks among vinyl chlo-
ride workers. This report summarizes
findings to date with respect to both
malignant and nonmalignant hepatic
disease among workers at the Louis-
ville plant, particular emphasis being
given to epidemiologic features.

BACKGROUND

The production of PVC by polymer-
ization of VCM began in Germany
about 40 years ago, with production
in the United States starting about
five years later. The industry grew
rapidly after World War II, and
growth has continued in recent years
at a rate of about 14% per year. Cur-
rently in the United States, 14 plants
employing about 1,500 workers pro-
duce VCM, while 37 plants employing
about 5,000 workers polymerize PVC
from VCM. Current annual produc-
tion of PVC in the United States is
estimated at approximately 4.4 billion
pounds, or 25% of world produetion.

The B. F. Goodrich PVC polymer-
ization plant in Louisville first began
operations in 1942, The number of
persons employed at the plant di-
rectly in PVC polymerization has
steadily increased, reaching a fairly
stable level of 250 to 300 workers by
the late 1950s. At present, in addition
to 271 persons engaged directly in
PVC polymerization, abont 850 per-
sons are employed at the plant in
other activities such as synthetic rub-
ber produetion, compounding and
milling operations, managerial and
clerical positions, and maintenance
work outside PVC polymerization
areas.

Until 1966, VCM as well as PVC
was produced at the Louisville plant.
Since that time, however, all VCM
used at the plant has been shipped by
tank car from other facilities. The
VCM is unloaded, stored, and then
piped into large polymerization re-
actor vats through an essentially
closed system. Each reactor receives a
measured amount of VCM as well as
appropriate catalysts, stabilizers,
emulsifiers, and additives {and other
monomeric compounds if copolymers
or terpolymers are being produced),
and the reaction is carried to the de-
sired end point. Polymerized material
is dropped into secondary tanks from
which unreacted VCM is recovered
and recycled through a closed system;
it then enters tertiary tanks from
which it is concentrated, dried, and
packaged. The end product consists of
three different materials: (1) PYC
resin (a powder with the texture of
refined sugar), (2) PVC paste (a very
fine powder with the texture of pro-
cessed flour), and (8) PVC latex (a
stable suspension of PVC in liquid).

For workers in PVC polymeriza-
tion, the point of greatest probable
exposure to VCM occurs after poly-

Hepatic Diseass~Falk et al. 59
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and Pathologic Findings of Cases of Liver Disease

Physical Findings

Hepatic Wark.up*

Pathologic Findingst

1/84-Right upper quadrant
tenderness

1/64-Moderate elevation in TB, SGOT

1/84-OLB: slight focal hepatitis
3/64-NLB: unchanged
4/64-PM: hepatic angiosarcoma with

" metastases

8/67-Epigastric mass and
splenomegaly

8/67-Mild elevation in AP, SGOT, LDH
Platelet count, 33,000/cu mm
Liver scan: large defect, splenomegaly

8/67-OLB: angiosarcoma
1/68-PM: hepatic angiosarcoma with
spread to diaphragm and abdominal wall

1/70-No abnormalities
5/70-Hepatosplenomegaly

5/70-Mild elevation in TB, AP, SGOT, LDH
Liver scan: large defect
Esophagram: varices

5/70-OLB: angiosarcoma
No PM

12/63-Na abnarmalities
5/65-Splenomegaly

5/65-Elevated SGOT
Esophagoscopy: varices

5/70-OLB: toxic hepatitis .
10/70-NLB: hepatitis, cirrhosis
10/70-OLB: slight hepatitis

3/73-PM: hepatic angiosarcoma

7/73-Hepatosplenomegaly

7/73-Marked elevation in AP

Mild elevation in T8, SGOT

Liver scan: diffuse disease,
hepatosplenomegaly

7/73-NLB: fibrosis
OLB: periportal Inflammation and
fibrosis
42/73-PM: hepatic angiosarcoma spread 10
duodenum

2/T4-No abnormalities

2/74-Mild elevation in LDH
Liver scan: possible defect

2/74-0LB: anglosarcoma

2/74-No abnormalities

11/73-Mild elevation In TB, AP
Liver scan and anglogram: 4-cm defect

2/74-OLB: angiosarcoma and extensive
portal fibrosis, subcapsular fibrosis

11/68-Splenomegaly

10/68-Marked elevatlon in AP, BSP
Mild elevation in SGOT
Esophagram: varices

11/68.OLB: portal fibrosis, subcapsular
fibrosis

L

9/11 -Hepatosplenomegaly

9/71-Mild elevation in TB, SGOT
10/71-Liver scan: splenomegaly

12/71-OLB: portal fibrosis, subcapsular
fibrosis

.

8/73-Splanomegely

3/73-Maodearate elavation in TB, AP
Liver scen: aplenomegaly, small liver

0/73-OLB: slight portal fibrosis

9/73-No abnormalities

9/73-Moderate elevation in SGOT
Mild elevation in T8, LDH

§/73-OLB: chronic hepatitis with focal
fibrosis

o

Syt

*1B Indicates total bilirubin; SGOT, serum glutamic oxaloacetic transaminase; AP, slkaline phosphatase; LDH, lactic dehydrogenase; BSP,

sulfobromophthalein,

1OLB indicates open-liver biopsy; NLB, needle liver blopsy; PM, postmortem examination.

{case 6), or angiosarcoma with exten-
sive portal fibrosis (case 7). In cases 1
and 2, large hepatic masses were
present at initial evaluation. The con-
ditions of three patients (cases }, 4,
and 5) were not diagnosed until au-
topsy, despite multiple liver biopsies.

Preliminary pathologic review sug-
gests that in all 5 patients for whom
nonmalignant hepatic tissue is avail-
able (cases 2, 3, 4, 5, and 7), similar
nonmalignant hepatic lesions exist,
consisting of portal fibrosis, sinusoi~
dal dilation, and atypical sinusoidal
lining cells. Conceivably, such lesions
may represent a precursor stage in
the development of hepatic angiosar-
coma,

Nonmalignant Hepatic Disease

Ages at diagnosis for these four pa-

JAMA, Oct 7, 1974 o Vol 230, No 1

tients (cases 8 through 11) range from
28 to 56 years (average age, 46.5). [ni-
tial clinical manifestations varied
widely: one patient (case 8) had gas-
trointestinal bleeding; one (case 9)
had chest pain and weight loss; and
two patients (cases 10 and 11) had
unrelated problems. On physical ex-
amination, hepatosplenomegaly was
present in one patient (case 9), sple-
nomegaly alone in two (cases 8 and
10), with normal findings in one pa-
tient (case 11). Three patients under-
went splenectomy either for marked
splenomegaly (case 9) or as part of
splenorenal shunt procedures (cases 8
and 10). Results of liver function tests
varied widely and showed no consis-
tent patterns in relation to clinical
manifestations.

All four patients were found on

liver biopsy to have some degree of
hepatic fibrosis. Pathologic review of
specimens available from these sug-
gests a close histologic similarity to
the manifestations of portal fibrosis
and sinusoidal changes deseribed in
the cases of angiosarcoma. Three pa-
tients (cases 8, 9, and 11), as well
as one patient in the angiosarcoma
group (case 7), were found at surgery
to have a peculiar white, speckled ap-
pearance to the surface of the liver,
which on pathologic section was seen
to reflect diffuse subcapsular fibrosis.

EPIDEMIOLOGIC FINDINGS

The seven men with angiosarcoma
had been employed at the plant for 12
to 28 vesrs (average, 18.0), and the
four with nonmalignant disease, be-
tween b and 29 years (average, 20.6)

Hepatic Disease—Falk ot al, 61
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helpers whose principal job is to clean
reactors. As can be seen in Table 8,
ten of the 11 patients worked at some
time as helpers. While virtually every
employee at the plani has worked as a
helper before being promoted to more

dvanced work, the average work du-
ration (le, time from starting work at
the plant to date of diagnosis) was
23.5 years for the five patients who
spent nine months or less as helpers
and 15.1 years for the six patients
who spent 20 months or more. This
suggests indirectly a possible rela-
tionship between intensity of expo-
sure and latent period for liver dis-
ease.

All 11 patients, or members of
their immediate families, were indi-
vidually interviewed regarding past
hepatic disease and possible exposure
to hepatotoxic agents. None of the
patients had a history of hepatitis or
of exposure 10 hepatitis, and none had
taken hepatotoxic drugs. Three pa-
tients (cases 1, 7, and 9) may have
had significant alechol intake, None,
except for the patient in case 7, re-
called exposure to possible hepato-
toxic chemicals outside the work en-
vironment, in particular to either
arsenic or thorium dioxide, two chem-
icals previously implicated as causes
of hepatic disease and hepatic angio-
sarcoma in humans.** Patient 7 gave
a history of exposure to arsenical in-
secticides on the family farm be-
tween the ages of 6 and 15 years; he
both mixed and sprayed the insecti-
cides two to three times a year for
about three hours on each occasion, In
no case was there any history of acro-
osteolysis.

COMMENT

Before the report by Creech and
Johnson,! the only evidence that VCM
might be oncogenic came from ani-
mal experiments. In 1971, Viola et al*
published data suggesting oncogenie-
ity of VCM when inhaled by rats at
very high doses; tumors of many tis-
sue sites, including lung, bone, and
skin were recorded. Preliminary re-
sults of 8 more recent animal study in
Italy by Maltoni et al (unpublished
data) appear to indicate that angio-
sarcoma of liver as well as of other
tissues can be induced in rats by at-
mospheric levels of VCM that are not
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uncommon in the human workplace
environment. In light of these obser-
vations, it appears likely that expo-
sure to VCM is responsible for the
Louisville cases. Further support for
this hypothesis is needed, of course,
from additional epidemiologic data
concerning workers at other PVC and
VCM plants. Further toxicologic
analyses are also needed to address
the possibility that the active onco-
genic material may be some metabo-
lite of YCOM instead of VCM itself.

Whatever the precise mechanism
for oncogenicity and hepatotoxicity
of VCM, the Louisville data suggest
that relatively high levels of VCM ex-
posure and relatively long intervals
since first exposure (20 years or so)
are involved. This does not rule out
the possibility of less marked health
effects at lower doses or at shorter in-
tervals of exposure, but it does for.the
present focus attention on the imme-
diate problem of assessing the health
status of persons exposed in the re-
mote past to high doses. None of the
Louisville cases involved men work-
ing at the plant less than six years
before diagnosis, and it can be safely
assumed that levels of VCM exposure
during earlier years of PVC produc-
tion were considerably higher than at
present because of less stringent
work practice procedures and less at-
tention to minimizing possibilities of
VCM exposure in places of work.

In humans, both thorium dioxide
and arsenic have previously been re-
ported as causes both of hepatic dis-
ease and of angiosarcoma of the liver.
In only one case at the Louisville
plant (case 7) was there any history
of exposure to either of these two ma-
terials (arsenic in insecticide spray).
Likewise, there is little or no evidence
among the Louisville cases that ex-
cessive alcohol intake plays any aceel-
erating or potentially cocarcinogenic
role or that any direct relationship
exists between acro-osteolysis and
liver disease.

Various data now suggest that
VCM (or some derived metabolite)
may produce in addition to angiosar-
coma of the liver a nonmalignant he-
patic disorder characterized by portal
fibrosis and portal hypertension. This
is suggested by the fact that such fi-
brosis was present in at least five of

the Louisville tumor cases and was in
addition observed in four other Louis-
ville vinyl chloride workers without
tumor. Recent observations in Ger-
many,® together with earlier reports
from Eastern Europe,'* suggest that
hepatic fibrosis and portal hyperten-
sion represent an occupational dis-
ease not uncommon among vinyl chlo-
ride workers. Conceivably, such
fibrotic livgr disease represents a pre-
malignant state. If this proves to be
so0, the early detection of such liver
disease may be of greater industrial
and public health importance than de-
tection of tumor itself, both because
hepatic fibrosis may well emerge as a
more frequent condition than tumor
in vinyl chloride workers, and because
it remains a possibility that very
early liver abnormalities may be re-
versible or nonprogressive after
workers have been removed from
high-risk areas.

Laszio Makk, MD, Iima Ogden, MD, Edward
Padell, MD, Anne Richman, MD, Curtis Song-
ster, MD, George Schrodt, MD, Edward Callahan,
MD, Jerry Clanton, MD, James Kurfees, MD,
Stanley Seipel, MD, and Will Ward, MD, sup-
plied records and pathologic materials.

Louis Thomas, MD, and Hans Popper, MD, re-
viewed pathologic material.
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mality was found, the 12-facter anal-
ysis was repeated in three weeks. If
the single abnormality presisted, or if
two or more liver-related abnormal-
ities were found on the initial labora-
tory tests, the patient underwent a
comprehensive examination consist-
ing of tests for the following values: 2
12-factor automated chemical analy-
sis, serum electrophoresis, LDH
isoenzymes, fractionated alkaline
phosphatase, direct and indirect bili-
rubin (if total level was elevated), se-
rum glutamic pyruvie transaminase
(SGPT), y-glutamic transpeptidase
(GGTP), isocitrate dehydrogenase
(ICD), a-fetoprotein (fetoglobulin),
and carcinoembryonic antigen (CEA).
Also, a complete blood cell.count
(CBC), platelet connt, chest roentgen-
ogram, and liver and spleen scan
were done,

Abnormalities found in the initial
12-facfor chemieal analyses indicat-
ing the need for comprehensive pro-
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Evaluate - Abnc')r’mal
\; L!parotomy :
and Biopsy f
t : I
. ; Resection )
Restudy as Indicated, i if Indicated |
Fig 1.—Liver disease detection protocol.
Table 1.—Liver Enzyme and Bilirubin Results
No, of No. (%) With
Patients Abnormal Normal Abnormal
Test Studied Values Range Range
Alkaline phosphatase, 72 35 (49.4) 3-85 87135
mU (milliunits) /m!
y-Glutamic trans- 70 31 {44.3) 6-28 29-575
peptidase, mU/ml
Serum glutamic oxaloacetic 68 19 (20.8) 4-25 27.559
transaminase,
my/ml
Bilirubin, mg/100 mi 72 19 (26.4) 0.15-1.0 1.1-2.8
Serum giutamic oxaloacetic 73 13 (18.0) 12-40 A8-150 -
transaminaae,
mU/ml
Isocitrate dehydrogenase, 59 8 (18.0) 0-7 8-38
mU/ml
Lactic dshydrogensse, 72 B (11.1) 90-225 237-475
mU/ml

files were grouped according to the
following work areas: (1) PVC pro-
duction, (2) synthetic rubber produc-
tion, and (8) all others (including
maintenance, shipping, laboratory,
and other salaried employees).

Liver Abnormalities
Dictaied Hospital Studies

If abnormal scan or other findings
suggested serious liver disease or the
possibility of angiosarcoma, the pa-
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T;blo 3.—Tlssue, Roentgenologic, and Laboratory Examination Correlation

Level of
- Serum Serum -
Qlutamic Glutsmic
Alkaline y-Ghrtamle Pyruvie Oxaloacetic Lactic Platelet
Liver Scan Phosphate Transpetidase Transaminase Bilirubin T inase Dehyd Count
! Filling defect and cirrhosls 4 1 1 4 1 Nt 4
Filling defect, both lobes ¢+ t N N 1 T T
'y Suggestive of cirrhosis + t 1 4 4 . N N
Suggestive of cirrhosis + 4 t N N N N
Suggestive of cirrhosis + 4 N N N N N
Normal 4 N N N N N N
| Normal 4 N N N N N N
factor chemical analysis. Of these, 75  isoenzyme 1. Splenomegaly with abnormal liver

(6.3%) had either two liver-related ab-
normalities on the initial screening or
one such abnormality that persisted.
These patients had comprehensive
evaluations, One patient had initial
screening in the plant, further eval-
uation and biopsy elsewhere, and
then was transferred to our institu-
tion for further studies. Results of al-
kaline phosphatase, GGTP, SGPT, bil-
irubin, SGOT, ICD, and LDH
examinations are listed in Table 1.

Significant Biochemical Findings

Other tests of the comprehensive
liver profile yielded the following sig-
nificant results: moderately elevated
total protein values were found in
three patients with a similar eleva.
tion in y-globulin content. Serum
electrophoresis showed slight to mod-
erate increase in y-globulin in 11 pa-
tients. The pB-globulin value was
slightly lowered in six patients.

In 32 patients with elevated alka-
line phosphatase values, 15 had in-
creased liver fractions. In 37 patients
with normal levels of alkaline
phosphatase, fractionation was also
performed. Thirteen showed relative
elevation of liver fractions. Eight of
72 patients (11.1%) showed elevated
values for total LDH. Four of these
had isoenzyme 4; two, isoenzyme 5;
and one, isoenzyme 3 clevation; one
had normal isoenzyme proportions.

Of 64 cases with normal LDH val-
ues, 44 showed relative elevation in
level of isoenzyme 4 (68.7%); two, rela-
tive isoenzyme 5; and one, relative

JAMA, Oct 7, 1974 o Vol 230, No 1

Fetoglobulin determinations gave
normal results in all cases. Results of
carcinoembryonic  antigen  radio-
immunoassays were normal in all pa-
tients, with one marginal result in a
patient who smoked. Complete blood
cell counts disclosed normal values for
hemoglobin, hematocrit, red blood cell
(RBC) count, and corpuscular indexes
in each patient. Four patients had
slight to moderate granulocytosis.
One patient showed relative lym-
phocytosis. Twenty-three patients
showed slight, and seven moderate,
monacytosis. Three patients had mod-
erately increased eosinophil counts.
One patient had thrombocytopenia
with a platelet count of 98,000/cu
mm, and another had thrombocytosis
with a count of 750,000/cu mm (nor-
mal range, 140,000 to 440,000). The
number of 12-factor abnormalities
and comprehensive profiles according
to work areas is listed in Table 2.

Radiological Studies

Seventy-four patients had liver
scans: 11 of these scans (14.8%) were
abnormal, and 2 were borderline. Six
patients had filling defects (Fig 2).
Three of these and another five pa-
tients had irregularities suggestive of
cirrhosis. Spleen scans were per-
formed concurrently with liver scans
in 71 patients.

Three patients had had splenec-
tomies in the past. Nine patients
(12.7%) had enlargement of the spleen
to 22 cm (normal spleen size is consid-
ered less than 14 em in length?).

scan was present in three patients.

Hepatic panangiography was per-
formed in seven patients, By pan-
angiography, two of the liver scan
filling defects were found to be tu-
mors (Fig 3 and 4). The anomalous po-
sition of the gallbladder in one case,
and dilatated short gastric and collat-
eral portal veins in another correlated
with the defects on the scans. The
other angiograms were normal.

Of the six splenic arteriograms,
two showed splenomegaly; one of
these with multiple splenic aneu-
rysms and the other, intrasplenic ar-
terial strictures. The other four were
normal.

Surgical Findings

Exploratory laparotomy was per-
formed in seven patients; in two, an-
giosarcoma was found. Resection
could not be carried out in one patient
because of the extent of neoplasm. In
the other patient, angiosarcoma was
limited to one lobe, but because of
portal fibrosis in the other lobs, resec-
tion was deferred.

In three patients, varying degrees
of portal fibrosis was found on lap-
arotomy. Of the remaining two pa-
tients, one had a cholecystectomy, the
other an incisional hernia repair.
Liver biopsy was performed con-
comitantly on each. Both of these liv-
ers were essentially normal on biopsy
and on laboratory testing. Correla-
tion of biopsy, roentgenographic,
and laboratory findings is given in
Table 8.
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- VINYL-CHLORIDE-INDUCED LIVER DISEASE
From Idiopathic Portal Hypertension (Banti’s Syndrome) to Angiosarcomas

Lours B. THoMas, M.D., Hans Popeer, M.D., Pu.D., Paur D. Berk, M.D., IrvinG SELIKOFF, M.D.,
AND HENRY FaLk, M.D.

Abstract Histologic examination of liver tissue (eight
autopsy and 18 biopsy specimens) and five spleens
from 20 workers with vinyl chloride polymerization
showed hepatic angiosarcomas in 15. In addition, a
peculiar pattern of progressive portal-tract, inconspic-
uous intralobular and conspicuous capsular fibrosis
was observed in the five workers without angiosarco-
ma, in all the seven patients with angiosarcoma from
whom tumor-free portions of the liver were available,
and in two tumor-free biopsies from patients subse-

T HE development of hepatic angiosarcomas in work-

ers exposed to vinyl chloride gas in the manufacture
of polyvinyl chioride has been well documented.'-3 Histo-
logic study of hepatic and splenic specimens taken from
such workers suggests to us, moreover, that other diseases
that have not in the past been related to industrial ex-
posure may be involved. Specifically, a case will be made
for the concept that splenomegaly with portal hyperten-
sion associated with slight hepatic fibrosis, previously des-
ignated as Banti’s syndrome,* may be the result of ex-
posure to known or unknown chemical agents.

History oF THE Vinve Curoripe Liver INjury

Polyvinyl chloride, one of the most widely used syn-
thetic plastics, has been manufactured for more than 40
years by polymerization of gaseous vinyl chloride in the
United States and in many other countries. Concern
about untoward side effects in workers had centered
primarily on a disease, acro-osteolysis,® which is charac-
terized by Raynaud's syndrome, dermal induration and
bone lesions. Two reports®7 also dealt with nonspecific
alterations of hepatic structure and function, and a lesion
designated “chronic epithelial hepatitis” was found in
about 25 per cent of the examined workers in Russia.$
Hepatic abnormalities, which did not attract major atten-
tion, became far more important because of the discovery
of three cases of angiosarcomas of the liver, an otherwise
very rare tumor, in workers in a polyvinyl chloride pro-
duction plant in this country.! The introduction of a sur-
veillance system in this plant detected a total of seven cases
of hepatic angiosarcoma.2® Animal experiments confirm
the relation between hepatic angiosarcoma and exposure
10 gaseous vinyl chiloride. In 1971, Italian investigators re-
ported that prolonged inhalation of vinyl chloride pro-
duced carcinomas of the zymbal gland in rats,? and

From the Laboratory of Pathology. National Cancer Institute, National
Institutes of Health, Bethesda, MD, the Mount Sinai School of Medicine of
the City University of New York, NY. the Section on Diseases of the Liver,
National Institute of Arthritis, Metabolism and Digestive Di Na-
tional Institutes of Health, Bethesda, MD, and the Cancer and Birth Delects
Division, Bureau of Epidemiology. Center for Disease Control, Atlanta,
GA (address reprint requests to Dr. Thomas at the National Cancer
Institute, Bldg 10, Room 2429, Bethesda. MD 20014).

Dr. Popper is Fogarty Scholar in Residence, Fogarty International Cen-
ter, National Institutes of Health,

quently found to have angiosarcoma. The fibrosis was
accompanied by spienomegaly. Hypertrophy and hy-
perplasia of both hepatocytes and hepatic and splenic
mesenchymal ceils were also seen. The histalogic simi-
larity to chronic inorganic arsenical poisoning, in
which angiosarcomas also oqcur, and to idiopathic
portal hypertansion (Banti's syndrome) suggests that
the latter syndrome at times results from unknown tox-
ic, possibly environmental, chemicals. (N Engl J Med
292:17-22,1975)

Maltonit® subsequentuy described angiosarcomas of the
liver and other organs as well as nephroblastomas in rats
exposed to vinyl chloride gas. Recently, angiosarcomas of
the liver have been seen in mice after exposure 10 as little
as50 ppmof vinylchloride.'!

When specimens of human angiosarcoma from vinyl
chloride polymerization workers were reviewed in the
Laboratory of Pathology of the National Cancer Institute,
the lesions in areas of the liver not involved by an-
giosarcoma appeared similar to alterations recently re-
ported in vinyl chloride workers in Germany.'® In these
patients inconspicuous portal and perisinusoidal fibrosis
was associated with impressive hepatic capsular fibrosis as
seen by peritoneoscopy. Hepatic-function tests revealed
variable abnormalities. Clinical manifestations included
portal hypertension with spienomegaly, thrombocyto-
penia and bleeding esophageal varices. This German re-
port focused our interest on the appearance of the liver
not only in patients with hepatic angiosarcomas but also in
other warkers with hepatic fibrosis exposed to vinyl chlo-
ride who had been diagnosed as having cirrhosis because
of portal hvpertension, variceal hemorrhage and spleno-
megaly.

By coincidence, there have been several recent reports
of portal hypertension without obvious cause in patients
with psoriasis who had received an inorganic arsenic
preparation, Fowler's solution, for prolonged peri-

‘ods. 1313 These observations were interesting in view of

earlier reports [rom Germany and France of hepatic an-
giosarcomas developing in vintners exposed to insecti-
cides containing inorganic arsenic.!® Roth’s report in-
cluded 47 workers with chronic arsenic intoxication. Of
these, four had hepatic carcinomas, five had sarcomas (an-
giosarcomas), and 13 of 27 autopsied by him had unusual
types of cirrhosis.'®

MarERIAL STUDIED

The observations recorded here are based on the study of he-
patic tissues obtained from 20 workers who had industrial ex-
posure to vinyl chloride for prolonged periods, usually exceeding
two years and extending up to 18 years. The tissues were derived
from 13 patients with angiosarcoma and five with hepatic librosis
bue without angiosarcoma. The majority of these specimens were —
initially obtained, studied, and in some cases reported by oth-
ers, ' but al] were submitted to the Laboratory of Pathology, Na-
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pressed the surrounding parenchyma, and in one tumor,
anaplastic sarcoma cells invaded portal-vein branches.

Focal dilatation of sinusoids with proliferation and en-
largement of the sinusoidal cells associated with perisi-
nusoidal {ibrosis may represent an early stage in the evolu-
tion of angiosarcoma. This lesion was noted in six of the
seven available tumor-free liver specimens from patients
with angiosarcoma, and in the two biopsies taken before
angiosarcomawas detected. It was also observed in two pa-
tents in whom angiosarcoma has not developed, and in
whom, accordingly, careful follow-up observation is indi-
cated. In the patients with angiosarcoma, some of the si-
nusoidal lining cells had enlarged, atypical nucleiand bul-
ky cytoplasm that was PAS negative in contrast to many of
the lining cells in the uninvolved parenchyma (Fig. 2).
There were gradual transitions between the areas of focal
dilatation of sinusoids to multiple, microscopic-sized an-
giosarcomas with asinusoidal pattern.

In three patients other organs besides the liver were in-
volved by angiosarcoma: the duodenum in one, the lung
in a second, and the lung, heart, kidney and lymph nodes
inathird patient.

Hepatic fibrosis

All the livers without angiosarcomas and the unin-
volved portions of the livers with angiosarcomas showed
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Figure 2. Focal Dilatation of Sinusoids, with Hyperplastic
Hepatocytes (Arrow) and Excess Sinusoidal Lining Cells,
-Some with Hyperchromatic Nuclei (This Appearance Con-
trasts with That of Normal Sinusoids in the Right Lower
Corner)(Hematoxylin and Eosin Stain X 160),
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the same basic changes, the extent of which varied widely
within each specimen. Excess fibrous connective tissue
caused variable enlargement of most portal tracis (Fig.
34). A distinctive feature was the tendency for single
hepatocytes and groups of hepatocytes at the margins of
the portal tracts to be separated from adjacent hepatic
cord cells and surrounded by this progressive fibrosis.
Proliferation of bile ducts was noted inthese fibrotic portal
tracts together with a variable infiltration of lymphocytes.
Occasionally, the walls of portal-vein branches showed
focal fibrosis. Adjacent portal tracts were often connected
by connective-tissue septa in the sense of a perilobular
fibrosis and some thin septa traversed the parenchyma
and extended irregularly toward central veins. In two
cases, both with angiosarcomas elsewhere in the liver,
these septa separated parts of the parenchyma to produce
nodules. The hepatic capsule showed focal thickening
and nodular fibrotic areas that often extended into sub-
capsular hepatic tissue to connect with adjacent portal
tracts. The sinusoidal lining cells were focally increased in
number, especially in areas where sinusoids were dilated.
Intralobular, perisinusoidal fibrosis, though inconspicu-
ous in hematoxylin-eosin-stained sections, could be dem-
onstrated in these areas by special stains for reticulin and
collagen fibers. In other areas, groupsol hepatocytes, with
no particular intralobular localization, varied conspicu-
ously in cellular and nuclear size, many of them being dis-
tnctly enlarged (Fig. 38). Binuclear and multinucleate
hepatocytes, some with much cytoplasm, were intermixed
with a few hepatocytes that were smaller than normal. De-
generation and necrosis of hepatocytes, although present,
were not more conspicuous than in any routine surgical
specimen. In the second biopsy specimen, obtained in one
patient two years after cessation of exposure to vinyl chlo-
ride, these abnormal changes in both hepatocytes and si-
nusoidal lining cells had disappeared, but the capsular,
portal-tract and intralobular {ibrosis persisted.

Spleﬁic Changes

The available spleens were large, weighing 560 to 1050
g, and showed on cutsection enlarged Malpighian follicles
and a firm, beefy red pulp. Microscopically, the follicles
were hyperplastic and had large germinal centers and
wide perifollicular zones (Fig. 4). Ocaasionally, fresh hem-
orrhage was found around penicillary arteries and folli-
cles. The red-pulp sinuses were widened and often lined
by a continuous layer of cuboidal reticuloendothelial celis.
The slightly thickened pulp cords contained many lym-
phoid and histiocytic cells as well as erythrocytes. Fibrosis
of the red pulp was absent or inconspicuous, and hemosid-
erinophages were only occasionally seen.

DiscussioN

The relatively frequent development of hepatic angio-
sarcomas in workers engaged in the polymerization of vi-
nyl chloride has now been established. In this report the
emphasis is on a peculiar hepatic fibrosis in such workers
and its relation to the angiosarcomas. This fibrosis, which
appears to represent a second hepatic lesion attributable
to vinyl chloride exposure, was found in the tumor-free
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of the spicen suggests a stimulating effect by vinylchloride
or its mctabolites on several types of hepatic and splenic
cells.

The prominence of the enveloping growth pattern of
the tumor cells, rather than a nodular growth pattern, is
characteristic of hepatic angiosarcomas that develop after
vinyl chloride exposure. Many cases of hepatic angiosar-
coma of unknown cause fail to show this prominence.1%1?
On the basis of experience to date absence of this promi-
nence in a given case militates against vinyl chloride as the
origin. These observations may be of assistance in epide-
miologic surveys. Enveloping features are prominent in
angiosarcomas induced by thorium dioxide suspension
{Thorotrast) in which large and irregular areas of fibrosis
are observed.?®?! Similar features are emphasized in an-
giosarcomas induced by inorganic arsenicals,'*** which,
like vinyl chloride, may also produce inconspicuous he-
patic fibrosis. Through the courtesy of Drs. P. J. Scheuer
and M. Schmid, we were able to study histologically three
cases of mild hepatic fibrosis with portal hypertension
after long-ierm treatment of psoriasis with Fowler’s solu-
tion, two of them reported.'* We observed hepatic
changes similar to those in the patients exposed to vinyl
chloride — namely progressive portal fibrosis, mild intra-
lobular fibrasis and focal hypertrophy and hyperplasia of
hepatocytes.

Figure 4. Surgically Removed Spleen of a Worker with Mod-
aerate Hepatic Fibrosis.
Note hyperplastic Malpighian follicles, which merge and ex-
hibit large germinal centers. Sinuses are widened, and red-
pulp cords are slightly thickened (hematoxylin and eosin
stain x 40).

Inconspicuous hepatic fibrosis accompanied by spleno-
megaly and portal hypertension is the syndrome de-
scribed by Banti* An identical clinical picture is abserved
in some workers exposed to vinyl chloride. In contrast to
splenomegalic cirrhosis, in which the splenic enlargement
is caused by the hemodynamic alterations in the cirrhotic
liver, in Banti'ssyndrome the splenomegaly precedes the
hepatic fibrosis or is associated with inconspicuous fibro-
sis. It may, however, be followed by cirrhosis eventually.2
Most cases of Banti's syndrome are associated with portal
hypertension and are now usually designated as idiopath-
ic portal hypertension.?* Some authors associate the por-
tal hypertension with a primary?® or secondary?®® altera-
tion of the wall of the portal vein or its branches (hepato-
portal sclerosis), but this lesion was not conspicuous in our
cases, Conditions resembling Banti’s syndrome have been
produced in animal experiments by stimulation ol splenic
lymphoid and reticuloendothelial cells.®” It is possible,
therefore, that one of the results of prolonged exposureto
vinyl chloride may be splenomegaly due to stimulation of
splenic cells, with a consequentincrease in splenic and he-
patic blood flow. Portal hypertension might be the result
of an inability to accommodate this increased hepatic
blood flow because distention of portal-vein branches is
prevented by the portal fibrosis, and that of the sinusoids
by the capsular and subcapsular fibrosis.

Whatever the origin of the idiopathic portal hyper-
tension or Banti's syndrome, its apparent induction by
prolonged exposure to vinyl chloride or inorganic arseni-
cals suggests that unidentified chemicals may cause other
similar conditions in which the cause is unknown. Such
cases are observed sporadically in the Western world?¢**
but arerather irequent in India,?**? Uganda,3 North Af-
rica®! and Japan, where they are studied extensively.3
This geographic distribution is an additional reason for
suspecting environmental factors. In Banti's syndrome of
unknown origin development of angiosarcoma has not
been reported. but this fact does not negate the possibility
that chranic exposure to vinyl chloride or inorganicarsen-
icals will produce either Banti’s syndrome or hepatic an-
giosarcoma or both.
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Immunological mechanisms in the pathogenesis of

vinyl chloride disease
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Summary

Vinyl chloride (VC) disease is a multisystem disorder
incorporating Raynaud’s phenomecnon, acro-osteolysis,
thrombocytopenia, portal fibrosls, and hepatic and
pulmonary dysfunction. Immunological and immuno-
chemical investigations showed the presence of circulat-
ing immunec complexcs in 19 out of 28 patients with the
disease and in a further two out of 30 workers exposed to
VC. The immunological data were reviewed in relation

to the clinical picture of the disease and to the available
evidence on the metabolism of VC. The results suggest
that VC discase is an immune complex disorder and that
the immune response is initiated by the adsorption of VC
or a metabolite on to tissuc or plasma protein,

Introduction

Vinyl chloride (VC) is known to be oncogenic,! ? but hepatic
angiosarcoma may not be the most serious of its medical hazards.
Acro-osteolysis was first described in 1966 in workers employed
in the polymerisation of VC,® and since then other cases have
been described.** In all these rcports the affected workers
helped in cleaning the autoclaves after the polymerisation
process. Stewart et al,® hpwever, reported a case in a worker who
had ncver donc this job. Their report widened the possible
cxposure to toxic levels of VC to other workers in the industry.
The descriptions of acro-ostcolysis do not describe adequately

Protein Reference Unit, Depariment of | logy, Hallamshi
Hospltal Medical School, Sheffield $10 2RX

A MILFORD WARD, M8, MrcraTH, director
SOPSAMORN UDNOON, Bsc, rescacch student

J WATKINS, usc, rup, principal scientific officer
Chesterficld Royal Hospital, Chesterfield

ANNE E WALKER, mp, MECP, consultant dermatologist

(]

Respiratory Function Unit, Royal lnﬁrmary, Shefficld 6
C S DARKE, MD, #rRCP, consultant

BMT  Sat- M Rl WAL
& .3 - 93«

the full extent of the disorder as it may affect VC workers. The
syndrome for which Lange e al® suggested the name vinyl
chloride discasc includes sclerotic changes in'the skin, osteolysis,
circulatory disturbances, thrombocytopenia, portal fibrosis,
and impaired hepatic and pulmonary function.

Despite considerable effort in many countries little is under-
stood about the actiology and pathogenesis of VC discase.
We therefore outline the immunological investigations performed
on 58 workers from a VC polymerisation plant. The results
explain the pathogenctic mechanisms of the disease and aliow
some conclusions to be drawn about its actiology.

Paticents

The 58 paticnts were referred to a hospital clinic from a single VC
polymerisation plant. They represented 18, of the past and present
work force (320). Referrais of those still working at the plant were
from cither the factory medical officer or local general practitioners;
ex-emnployees were referred after investigations made by the Employ-
ment Modical Advisory Service. For the purposes of the study the
paticnits were divided into four clinical groups. _

Group 1 (9 parieitsy—These patients were disabled by pain in limbs
and hands and by dyspnoca. All had symptomatic Raynaud's pheno-
menofi, which in five was clinically demonstrable; the others had
severely cold hands. Four had scleroedema of the hands or face, four
a mild clawing deformity of the hands, and two mild radiological
evidence of acro-osteolysis.

Group 2 (19 patiemts)—This group was moderately disabled and
multisymptomatic, excessive fatigue, limb pain, and paracsthesiae
being the most common complaints. Raynaud’'s phenomenon was
symptomatic but ncver observed, although many patients were found
to have cold hands or fect. Scicroedema-like changes of the face were
evident in two paticnts, No radiological abnormalities were seen.

Group 2 (25 paumu)—These patients were not disabled and were
continuing in active employment. They presented with miscellancous
symptoms that were not confirmed by visible :bnormlhues or overt
clinical signs.

Group 4 (5 patients)—This group was asymptomatic, zhc paticnts
having been referred because of expressed concern or because they
wished to seck other employment.

The patients’ ages ranged from 23 1o 59 years with a mean of 39-7
years. There was no significant difference between the groups. The
duration of exposure to VC varicd from six to 75 months with a mean
of 39 months. As the degree of exposurc varied with the job at the
plant the patients were divided into high- and low-exposure groups,
the former being workers in the reactor building and dry-bagging
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plant, and the latter maintcnance fitwers and warchousemen. Fifty of
the patients (86%,,) had at sometime worked in the reactor building or
dry-bagging plant. Altogether 46 patients (79*,,) admitted to having
sulered from VC narcosis on at least one occasion; the incidence of
admitted narcosis tended to decrease with diminishing severity of the
disease—group 1, 100", ; group 2, BO",, ; group 3, 76", ; group 4, 60",,.
The ditferences do not approach siatistical significance,

Mcthods

Imnnnoglobuding were estimated by an automated immunoprecipitin
technique. Complentent was determined in fresh EDTA plasma, C3
and C4 being estimated by single radial immunodiffusion and
conversion  assessed by two-dimensional  immunoclectrophoresis,
Cryoprotein studies were performed on warm-separated  citrated
plasma, the cold aliquot being kept at 4 C for seven days before
scparation of the cryoprecipitate, Rhcionataid factor was determined
by passive haemagglutination of sensitised cells, and the presence of
antitissue antibodies by indireet immuncfluorescence.

Lymphocyte trausformation was sssessed by a modification of the
technique of Schellckens and Eijsvoogel.* Lymphocytes were separated
from heparinised whole blood by a Ficoll-based centrifugation
method.* Duplicate culture tubes were set up containing culture
medium, autologaus plasma, and cither 0-2 ug purificd phytohacmay-
glwiinin (PHA) (Burroughs Welcome) or 2 ;g purificd protein
derivative of tuberculin (PPD). Control cultures were set up using
lymphocytes from healthy donors. All cultures were incubated at
37 C for 72 hours (PHA) and 120 hours (PPD). Transformation was
assessed by the incorporation of tritiated thymidine into aciive DNA
synthesis. Similar cultures were set up with test lymphocytes supple-
mented with normal plasma and normal lymphocytes supplemented
with test plasma to assess possible plasma inhibitory cffects. Lympho-
cvie subpapulations were defined as spontancous E-rosette-forming
cells or T cells’ and as membrane-Huorescent cclls or B cells.
Absolute numbers of T and B cells were determined as 2 percentage
of the total lymphocyte count. Biopsy specimens were snap-frozen and
cryostat sections stained for 1gG, IgA, and IgM, C3 and C4, and
fibrinogen;fibrin by dircct immunoflucrescence.

Results

The major abnormalitics obscrved were 2 polyclonal increase in one
of the immunoglobulin classes, usually IgG; the presence of mixed
cryoglobulins, including IgG, C3, and fibrinogen; and in-vivo
conversion of both C4 and C3. Table I shows the mean values and
ranges of immunoglobulins, C3, C4, and lymphocytes for each clinical
group together with the numbers of patients with cryoprotcins and
showing C} conversion. The abnormalitics were present in almost all
cases in group 1, and showed a progressively decreasing incidence in
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the other groups. The presence of circulating immune complexes was
inferred when there was cvidence of mixed cryoglobulins, in-vive
conversion of complement, and depressed values for C3 or C4; the
presence of immune complexcs showed a close relationship with
clinical grouping, with 88", 58, 8".., and 0", respectively for the
four groups. Eight of the 58 patients were classified as of low exposure,
six of themn being in group 2. No abnormalities were detected in these
tiX patients. When the low-exposure workers are removed the inci-
dence of circulating immune complexes in group 2 (85",) closely
approXimates that in group 1.

Autoantibody screcning (table II) showed no abnormalities cxcept
for a high incidence of antinuclear antibodies in group 1. Thesc were
all of low titre (IgG 1/20-1/50) and probably resulted from tissue
dzamage rather than an autoaggressive discase process. The only other
observation of notc was the presence of thyroid aurcantibodies in
three patients in group 2. )

There was evidence of 2 reduction in the T cell population with a
slight increase in B cclls; this was most pronounced in group 1 but
was also evident in group 2 and to a less extent in group 3. In-vitro
stimulation showed few abnormalities cxcept for an apparently
increased frequency of reduced or absent responses to PPD. PHA
tronsformation studies showed minor degrecs of suppression, and
inhibition by plasma was nat seen.

Direct immunotiuorescence studies of biopsy specimens of skin
(10 cascs), muscle (onc case), and lung (one case) showed aggregates
of IgG, C4, C3, and fibrinogen/fibrin in the lumen of vesscls and
adherent to the vascular endothelium. IgG, C4, C3, and fibrin were
also dctected in the media and subintimal regions of small and
medium-sized arterioles.

Discussion

The major immunological features of VC diseasc in this series
are hyperimmunoglobulinacmia, cryoglobulinaemia and cryo-
fibrinogenaemia, and in-vivo conversion of complement
involving the classic activation pathway via C4 and C3. There
was additional evidence of a cellular disturbance in the form of a
reduced T cell population and a modest increase in B cells. The
presence of non-organ-specific antitissue antibodies in those
most severely affected clinically may have related to tissue
damage rather than to a pathogenetic mechanism.

Immunofiuorescence studies of the biopsy material confirmed
the immunochemical evidence of circulating immune com-
plexes with the identification of immunoglobulin, complement,
and fibrin/fibrinogen in the lumen of vessels, adherent to endo-
thelium, and in the vessel wall. An immune complex or cryo-
globulinaemic vasculitis would be consistent with the findings of
a perivascular inflammatory infiltrate as described by Markowitz

TABLE 1—Afean valucs and ranges for i) lobidins, compl , and lymphocytes in vach group and monbers of paticats in each group with cryoproleins
and shoicing CJ conversions
' i 2 8 - eE
; l Immunoglubulins (g/1) '§§ } £ g Complement (g'1) -E E £ : Lymphocytes x 10}
Group' No of ! | :.% i :§ ’ :.‘ég
, patfents | . | . 1Z8 i 25 7.E8
! | 2G ' IgA ! M : £ i g oc] i C4 .‘ BB! Total
| ] 9  ;143(10:6-190) 2:8(1'8-47) ' 1-3(04-2:7) ! 8 5 {0'6-1‘5) 0-45 (0-19-1-10) 6 ' 18(1
2 l 19 119 (8-3-18'5) \2'4 (06-50) ' 09 (0321 | 13 13 -8 (0-6-1-3} - 0-38 (0-22-07) 9 ! 2401
3 25 98 (6-8-11-4) |1 20(0-9-41) . 00(04-19) ' 2 1 (0'5-1-2) '045(0:32-069) 10 : 2:0(0
41 s l 12:1 (9-5-160) } 36 (1-1-52) = 1-0(05-1-4) | (06-1-0) 1038 (0-27-0-46) 3 | 25(2
Normal values | 95 (6-0-14:0) | 1.8 (0-5-30) ;| 09 {D:5-1-D) | ] (0-8-1-7) | 0-45 (0-30-0-75) i 20(1-
[} " - ]

TABLE 11—Results of awteantibody tercening in the four groups of paticnts

‘ No with ' No with antitissue antibodics to:
Group No of th ’id - -
; patients | factor : Nuclci (ANA) . Mitochondria (AMA) = Smooth muscle | Gastric parietal cetls Thyroid
3 ; 9 i 8 | l 2
2 | 19 i 1 1 3
3 25 1 t 2 ' 1
| H i 1 : | ! !
Total ‘ 58 I 2 | 10 ] l 4 i 1 3
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et” al,* although the severe narrowing of dermal vessels with
subintimal fibrosis described by Harris and Adams‘' could
be construed as an end-stage phenomenon of a similar process.
Both histological features were present in this series, although
the subintimal proliferation was scen only in the cases of
longest duration. The tendency towards thrombocytopenia
noted in many patients could be construed as confirmatory
of an immune complex disorder with complement activation.'*
The persistence of disease activity as evidenced by the presence
of cryoprecipitate and conversion of complement in workers
who had bcen removed from exposure to VC for more than six
months is in accord with the observations of Veltman et al.?

Despite these pronounced abnormalitics a search of published
work on VC disease failed to disclose any similar investigation,
most reports having concentrated on the hepatotoxic effects of
VC and its oncogenic propertics. Danishevsky and Egorev't
showed that tissuec damage from VC could produce allergenic
substances. Hervicux and Tessier'* had shown that a chemical
dermatitis could be induced among workers in the industry.
One patient in group | complained of skin irritation a year
before, with evidence of Raynaud’s phenomenon and dyspnoea,
and gave a positive reaction to a patch test with polyvinyl
chioride (PVC) powder. Onc other paticmt (group 3) had also
complained of scvere generalised pruritus.

In a detailed study of 13 patients employed in PVC production
with circulatory disturbances, thrombocytopenia, splenomegaly,
and hepatic malfunction. Lange ¢ a/° concluded that there was”
no evidence for an autoaggressive disorder. A more recent
report’? detailed the investigation of 70 patients from a work
force of 128 at a single plant, the findings of which did not
change the carlier conclusions. These workers did make the
point, however, that although skin and bone changes may
disappear when the patient is cemoved from contact with VC, the
thrombocytopenia may persist for 12-18 months after exposure.

In a study of 36 workers exposed to VC who were shown to
have leucopenis, thrombocytopenia, and splenomegaly, Suciu
¢f al** showed an increase in the <~globulin in 11. Although they
found only a 6", and 29", incidence of clinical Raynaud’s
phenomeneon in two serics of VC workers, they noted that the
phenomenon clearcd spontincously.on removal from exposure
and that the different incidence figures were associated with a
22-fold decrease in VC levels, They also quoted a much higher
(66", and 55", respectively) incidence of vasospastic changes in
discussing the significance of the splenogmealy, they suggested
that VC acted as an irritant in the reticuloendothelial system to
produce a reactive splenic enlargement. Marsteller ez al)'?
in an extensive investigation of 50 VC workery, introduced
some immunological tests into the initial protocol but abandoned
them when they failed to give positive results, No comment
was made on the presence or abscnce of hypergammaglobulin-
acmia. These workers also suggested the possibility of reticulo-
endothelial stimulation as a causc of the splenomegaly and the
hepatic littoral cell hyperplasia, although they regarded the
latter as a possible pathogenctic factor in the development of
hepatic angiosarcoma.

The metabolism of (VC in man is not fully understood.
Hefner er al** showed that in rats metabolism is by the alcohol
dchydrogenase pathway at low concentration, and via an inter-
mediate chlorocthylene oxide at higher concentrations, William-
son** proposed that the intermediate product is more likely to
be a cyclic dioxide. BBoth the oxide and dioxide would be highly
reactive molccules and would be able to bind to free sulphydryl
and amino radicals. The incorporation of these into protein
synthesis would give a conformationally altered molecule that
would be antigenic. The inclusion of this intermediate product
with its chloride residue in a protein molccule would have a
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haptenic effect in the incitement of antibody synthesis. The
theoretical interaction between VC and plasma proteins was
partially confirmed by Oster?” in his obscrvations of the binding
of VC or its metabolite to serum albumin.

The association of the observed results with the experimental
metabolic data allows the construction of a theoretical model
for the pathogenesis of VC disease and explains many of the
features of this multisystem disorder. A metabolic product of
VC, presumably the dioxide, binds to plasma protein, producing
either a haptenic group or a conformational change within the
protein molecule. This acts as an antigen that escapes tolerance
and stimulates B cell proliferation and immunoglobulin produc-
tion. The antibody and antigen interact to produce a soluble
complex that is both cryoprecipitable and capable of initiating
the complement sequence by the classic activation pathway,
The cryoprecipitate and reactions secondary to complement
activation wil] produce platelet aggregation and apparent throm-
bocytopenia, fibrinogen/fibrin conversion, and vascular occlu-
sion. The vascular occlusion, either temporary or permancnt, is
enough to explain the observed clinical, radiological, and histo-
logical findings in the skin, skeletal and soft tissucs, and lungs.
By producing ischaemia the vascular occlusion would also
stimulate new cotlagen biosynthesis, as obscrved by Jayson er al.*
This final episode in the pathogenesis of the disease process
would then be further augmented by the interaction of collagen
and complement,** #* resulting in further activation of the com-
plement pathway and thus reinforcing the terminal recycling
phenomenon.

The frequency with which abnormalities were detected in
exposcd workers in this series, especially in those groups (2 and
3) in which there were few or no overt clinical signs, suggests
that the discase process may be more common than is generally
supposed. Further studies are in progress to investigate the total
exposed population at the factory and to study populations from
other related industrial plants.
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the December 1974 issue of the lournal of Occupational
idne (16:809), NIOSH presented data on 26 cases of liver
arcoma among vinyl chloride workers, 21 of whom
d in the polymerization pracess. The present update pro-
details on 64 cases of anginsarcoma among vinyl chioride
nerization workers reported as of Ocfober, 1977, Con-
d surveillance of these workers is encouraged for the pur-

of furthering our knowledge of this disease process in
to vinyl chloride exposure.

the original publication of NIOSH's register of 26 cases of
; ”;hgiosarcoma associated with occupational exposure to vinyl
QEEYxue or polyviny! chloride (VC/PVC),! evidence has continued
R ¥ccumulate which further confirms this association. in the May
72 Bsue of /OM.? an additional 12 cases were presented. Since
fupdate, 33 more cases have been reparted to NIOSH and one
: "ﬂs been discounted (U.S. Case No. 14) as of October, 1977.
RIS 1¢lds a total of 70 cases known to NIOSH, 64 of whom were
: i‘ Fyymenization workers. Details of the 64 cases among poly-
¥ ,'fon workers are provided in Table 1. Data on non-poly-
naation workers is not presented in this update since there has
essentially no change. [One West German case was added
'f! Previouly published table of six cases among nan-poly-
s ation workers,? while one US. case (No. 14! was removed
= ' &, ;he di.agnosis could not be confirmed.)
i v cons(s‘ts of 23 US. cases and 41 foreign cases from 11
s> ' Countries. The 23 cases identified among U.S. poly-
tion workers represents approximately 10% of all liver
Ucomas identified in the U.S. since 1964. This percentage
e s t'used on the number of cases identified by the Chronic
585 Division, Bureau of Epidemiology, COC, through their

o wide case finding effort for liver angiosarcoma for the years

B e,
% G, he :lness Effects Section. SB/DSHEFS/NIOSH, Robest A. Talt Laboratoves,
R 12 Parkway, Cincinnati. OH 45226.
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§pirtas, Dr. P.H., and Rose Kaminski, M.S. Hyg.
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igiosarcoma of the Liver in
f{hyl ‘Chloride/Polyvinyl Chloride Workers

f7 Update of the NIOSH Register

1964-1974.% In the course of their study, CDC identified approxi-
mately 240 cases (confirmed by a panel of pathologists). of which
75% occurred during the 1964-1974 study period.

Some of the information presented in Table 1 is summarized
below. The numbers in parentheses represent the medians which
were caiculated from the data in the previous update? {1} The
ages at diagnosis ranged from 37 to 71 years with a median of 49
years (44 years). 2) The latency periods. i.e., years from first expo-
sure to diagnosis, ranged from nine to 38 years with a median of
21 years (17 years), {3) The total years exposed ranged from four
to 31 years with a median of 1B years (16 years).

A distribution of the cases by date of diagnosis is presented in
Fig 1. Although it is difficult to interpret the aggregation of dif-
fering sources of data, and while the data far 1977 is incomplete,
this figure suggests a gradual increase over time in the reported
cases of VC-induced angiosarcoma. During the past 17 years
(1961-1977), a total of 23 cases have been identified in U.S. poly-
merization workers. Fifty-two percent of these cases had been
diagnosed over the past five years. The rise in the number of cases
diagnosed in these workers during the 1970's is probably the
reflection of two events: (1) the increased surveillance of VC/PVC
workers during this time and (2) the growth of the VC/PVC in-
dustry after World War Il. The 20 to 30 year lag between the
growth of the industfy after World War Il and the increase in the
number of diagnosed angiosarcomas among VC/PVC workers ob-
served during the 1970's roughly coincides with the median
latency period 1 years).

In regard to some of the observations made from the data in
Table 1, it will be interesting to note whether certain trends con-
tinue. For instance, the age at diagnosis and latency period appear
to be increasing. Some possible explanations for these phenomena
are (1) the initial cases may have had heavier exposures, (2} the ini-

*The results of CDCs case finding effort were obtained thraugh personal communi-
cation with Dr. Henry Fak. Chronic Disease Division. Bureau of Epidemiology. CDC.
Atlanta, Georgia. R
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Table 1. — Reported Casas of Angiosarcoma of the Liver Among Vinyl Chloride Polymerization Workaers.

Date g
of |

fst VC Age Yoars fram Totat

Case Birth o PYC Diagnasit of at 15t Exposurs Years of )
Country No. Date Exposure Anglossrcoms Diagnosis te Diagnosis Exposure Death ' 3°
Belgnon ol 00-00-00 009000 00-00-00 ) 00 00 06297 E 3
Canada o1 121513 000044 000055 A 1 1 030255 A
Canada o 030614 000043 000057 ) " 14 nas ¥
Canada 03 082619 000041 000062 «Q 2 0 03-2242 2
Canada o4 080519 000045 000047 © 2 2 nzna JE
Camata o5 050711 - 000044 00-0068 s7 2 05 ooses Ik
Carada 06* 12:15-19 000047 000071 51 u F4] o107} B E
Canada or 11499-19 000048 0090072 s3 % 2% 122472 K y
Canada 08 051320 000061 000073 53 12 0s 061273 1%
Canada 09 07-19-21 000046 000074 3 sy % 030474 *
Canada 10 05-1615 000053 000076 6l b] iU 040077 B -
Crachosionka or 000028 000057 004073 ] 16 16 wwn IR
Caechosiovska 02 000026 000051 000046 40 15 15 00085 - "
Fed. Rep. Germany o1 060430 100156 001968 8 12 12 oLzses  CpE
Fed Rep Germaony 0z 07.26:31 10-1457 092570 k1 13 12 w2wn i
Fed. Rep. Germany 04 094430 041657 004074 I V] 1Y) nan Je:
Fed. Reo. Gerrany os 010132 121662 000075 a 13 12 oroers g
Fed. Reo. Gesmanw or 092926 04-15:54 004075 49 21 12 11378
Fed. Reo Germany 08° 101917 04.195¢4 0040-75 58 2 21 122515 £
Fed. Rep Germany 09 121334 120259 061676 2 n 15 Alve
Fed Reo. Germany 10* 072529 10-1055 062877 a 2 2] 062877
Fed. Rep Germany 1 122936 010261 0000.77 4 16 10 0391.17
France o 0415 010046 021367 Q 2 i 021947
France 02 060311 070559 01087s 3] 15 12 012425
France 03 0000-19 000046 010078 58 ] t] 06-2975
France 04 o2 101949 0104.76 1] % % 010476
France 0s° 012938 000045 040075 13 n 10 051378
France 06° 041434 000058 090076 2 18 1 091276
Fance o7 000027 070150 070076 7] % bi] 014276
France 08° 040134 052357 120376 2 19 19 o107
Great Bertain a1 04.2001 000044 120072 n -] 2 120072
Great Botam 0 060237 020046 120078 3 09 04 124N
Italy 02* 111320 0000587 12.13.72 43 15 06 1200.72
itaty 03° 03-14-20 000053 07-10-7% s§ 22 2 07-10.75
Japan o 080122 040053 082174 .52 2 2 025
Norwy 0 122318 030050 122071 56 2 2 010872
Sweden o1° 06232 081451 080078 o 19 18 102070
Sweden 03 06-10-10 050047 031976 65 2 2t 03-19-76
Sweden o 11614 000046 051277 62 N 3 051277
UsA a1 1047:23 120948 030373 o 2 2 030373
USA 02 081933 111555 0500.70 Y] 14 13 09.2871
USA 03 052515 112845 121873 st s 2 12191
USA o 011824 070652 081967 ] 15 15 010768
USA 05° 01.25-12 06-1944 040964 52 P F) 040964
USA. 06° 11.23-28 011762 02.00-74 46 12 12 07.24-75
USA or 050322 082744 000068 4 u 17 032368
USA og 050620 100745 080061 4 15 15 082961
USA 09° 1108:31 05-2845 030114 3 3 A 030075
USA 1 08-16-13 061251 05-0068 5 1 17 05-10-68
UsA T8 052709 10-1448 030070 8l 23 3 03-1370
USA. 12° 1117418 091349 050269 50 2 19 050262
USA 13° 12o1.21 12.1142 050074 52 2 26 or04.74
UsSA 16 110427 050850 000063 4 19 04 032769
usa A 0506.31 06-235§ 10-11.74 5] 19 19 Alive
USA 18 042228 091554 000075 % 21 u 110275
USA 19 0000-15 000043 061975 50 7] 2 040676
USA 20° 083117 000055 013076 8 2 18 013077
USsA i 090209 120045 000077 3] 0 2 ora2.17
USA w 100223 07-1147 010076 2 2 ] 120416
USA 2 000023 09058 040673 50 15 " 040573
usA. 2 050717 000039 052177 50 I 2 052717
USA 2% 080710 020047 031077 6 0 2 a0l
Yugastavia ol° 040514 000053 040873 5 20 2 040813
Yugosiava 02 111531 000050 071273 «Q b4 18 0712

Total Reported Cases

64

428

»as

“007 mdicates unknown data
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i [ fig 1. — Number of cases of VC/PVC related angiosarcomas reported to NIOSH by
Bty of diagnosis. (This represents only 83 of the 64 cases known to NIOSH since in-

tion on diagrosis is missing for one case)

cases were more biologically susceptible, or (3} random fluc-
ion. Analysis of the latency period for this disease in vinyi
oride workers should be a fruitful area for future study since
itiple etiologies do not seem to be a factor in these cases and
he exposure periods can be fairly well defined via employment
tories.”

ecent preliminary findings by NIOSH’s Division of Siomedical and Behavioral
Picience suggest that the Interaction of disulfuram with the enxymatic detoxifxcation of

~Etbyhene dibromide results In increased carcinogenicity lincluding angiosarcoma of the
n Lboratory rats. '

One of the values in maintaning this register of cases among
vinyl chloride workers is that it provides a base from which hy-
potheses for future research can be generated. However, the ex-
tremely rare occurrence of liver angiosarcoma lends great impor-
tance to the need for as complete reporting of the cases as possi-
ble if we are to develop a better understanding of liver angiosar-
coma in relation to vinyi chloride exposure. The occupational
heaith community is asked to report alf new or as of yet un-
reported cases of angiosarcoma among VC/PVC workers to either
Dr. Robert Spirtas or Ms. Rose Kaminski, Surveillance Branch/
DSHEFS/NIOSH, 4676 Columbia Parkway, Cincinnati, OH 45226,
(513) 684-3284.

in addition to vinyl chioride’s association with angiosarcoma of
the liver, recent studies have also found vinyl chloride to be asso-
ciated with excesses in brain cancer and neoplasms of the respira-
tory and lymphatic systems? ¢ $ More studies are needed to
assess these findings. For an overview of the literature concerning
the health effects associated with VC/PVC exposure, the reader is
referred to Volume 246 of the Annals of the New York Academy
of Sciences.® )

The authors wish 1o thank Dr. |-William Lioyd. Dr. Henry Fak and Mr. Richard Wax-
weiler for their constructive Critic sms.

References

1. Uoyd {W: Angiosarcoma of the liver in vinyl chioride/polyvinyl
chloride workers. JOM 16:809, 1974.

2. Uoyd |W: Angiosarcoma of the liver in vinyl chloride/polyvinyl chlo-
ride workers. JOM 17:333-334, 1975.

3. Waxweiler R). Stringer W. Wagoner K. et al: Neoplastic risk among
workers exposed to vinyl chioride. Ann NY Acad Sci 271:40-48, 1976.

4. Tabershaw iR and Gaffey WR: Mortality study of workers in the manu-
facture of vinyl chioride and its polymers. JOM 16:509-518, 1974,

5. Monson RR, Peters {M, and johnson MN: Proportional mortality among
vinyl chicride workers. Lancet 2:397, 1974,

6. Toxicity of viny! chioride-polyvinyl chioride. Ann NY Acad Sci 246,
1975.

Angina as a Diagnostic Predictor

It twrns out that a history of typical angina is as good a predictor of ischemic heart pain or
coronary disease as any other data we can get, including the exercise electrocardiogram. If you get
this typical history your chances of finding significant obstructive coronary disease are 80 or 30%,
- depending, of course, on the “expertise” of your evaluation. If you find atypical features. on the
4 other hand — something isn't quite right and you're not sure it's really angina — then the chances

: are going to fall off to only about 50% that such patients will have.obstructive coronary disease.
And if you're pretty certain that this is not ischemic pain, then the incidence of coronary disease

E falls to about 10 or 20%. So the ability to take a history and identify the typical anginal syndrome is

] your best way of determining whether the patient is likely to have obstructive coronary disease.
»: We're all anxious to use exercise electrocardiography and other studies as supplements, but there's
3 no specific test available that is any better than a good and careful history.

— From “Bedside Cardiat Disgnosis” by 1. O'Neal Humphries, in Emergency Medicine, lanuary, 1978,
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{Nortnotes and case reports

This materiaf may be

Vinylchloride induced heg’m by copyright were normal. Ultrasound showed a large dense tumour of the righy

angiosarcoma

Y.A. Louagie, P. Gianello, P.J. Kestens, F.
Bonbled and J.G. Haot

Department of Surgery of the Alimentary Tract,
Louvain-en-Woluwe Medical School, and St. Luc Hospital,
1200 Brussels, Belgium

Correspondence to: Dr Y A, Louagie, 20 Avenue d'Huart
(bte 3), 1150 Brussels, Belgium

The relationship between vinylchloride exposure and
human angiosarcoma of the liver (ASL) received attention in
1973 when a case of this rare tumour was diagnosed at
autopsy'. .

Case report

A 39-year old man was first seen in July 1979 with pain in the right
upper quadrant. The liver was palpated at the right costal margin.
Oral cholecystography and barium swallow were normal and liver
function tests were in normal limits. From 1965 1o 1970 he had
cleaned reactors used for the polymerization of the vinylchloride
monomer in PYC and was thus exposed 1o high amounts.

He was admitted 3 months later with persisting right upper
quadrant pain, loss of appetite and fatigue. The liver edge was by
then hard and 4 ecm below the costal margin, The ESR was acecle-
rated (80 mm/h) and alkaline phosphatases and GGTP were
elevated. Carcino-embryonic antigen (CEA) and « fetoglobulin

Figure 1 Sclective angiography of the cocliac artery. The hyper-
vaseularized tmour is supplied by an anterior branch turrow) of the
right hepatic artery

17 US. Code) hepatic lobe with arcas of necrosis. The ®Tc hepatic scan confirmeg

the presence of an ill-defined filling defect in the inferior part of the
right lobe with two small defects at the level of the hilum.

The liver computerized tomography confirmed the integrity of the
left lobe.

A sclective angiogruphy of the celiac artery revealed a hyper.
vascularized tumour of the right hepatic lobe (Figure /).

At a right thoracophrenolaparotomy the tumour was found to be
confined to the right lobe. An exiended right lobeclomy was thep
performed, The postoperative recovery was uneventful and the
patient was sent home with a monthly administration of Vincristine
(1 mg 1V)and Adriamycin (150 mg/m? 1V) which was discontinyed
in June 1981.

Repeated controls up to §eptember 1981 by liver scan and
computerized tomography remained normal, The patient is still jp
good health 38 months after the rescction.

Pathology

The resccted specimen was 2050 g. On macroscopical cxamination,
the main wmour (13-5 x 8 cm) was ycllowish and spongy and
contained cystic and haemorrhagic zones. A sccond smaller
hacmorrhagic mass was found at the inferior aspect of the right lobe
surrounded by numerous purple masses.

Macroscopically, the main wmour showed large arcas of necrosig
and huemorrhagic pscudocystic spaces (Fignre 2). These spaces were
surrounded by arcas of densc vascular proliferation. The sinusoids
were lined with variably sized irregular sarcomatous cells with
hyperchromatic nuclei. Elsewhere, blood-filled spaces were
surrounded by sarcomatous ccils. The sarcoma cells encompassed
adjacent liver cclls and bile ductules and infiltrated {he paren-
chyma. The pathological diagnosis of multicentric angiosarcoma
was made, The rest of the liver was normal except for some
moderately enlarged portal tracts. Progressive fibrosis scparated
hepatocyies at the margins of the portal tracts from adjacent hepatie
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Figure 2 Photomicrography of the main tumour showing blood
Jilled spaces surrounded by sarcomaions cells. (Haematoxylin eosin,
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cord cells. Anisocaryosis and anisocyiosis were [requent. A cross-
scction biopsy of the left lobe showed normal tissue with slight
hepatocytic anisocaryosis. The lymph nodes taken rom the liver
hilum were hyperplastic. The main features of this tumour were its
multicentricity and the presence of mild fibrosis.

Discussion

The occurrence of liver angiosarcoma in vinylchloride
polymerization workers was reported in 197412, Prolonged
exposure and long interval from initial ¢xposure is required
before liver disease becomes apparent. The average interval
is 12 years (range 6-29)). Our patient was exposed for
5 years and became symptomatic 14 years later.

It is a rapidly progressing fatal disease, especially in
adults. The clinical features include rapid liver enlargement
with haemorrhagic ascites, fast deterioration and cachexia
usually with death within 6 months.

The treatment is disappointing and chemotherapy and
radiation of palliative value only. If the diagnosis is made
early, the disease is localized and there is no associated liver
fibrosis or portal hypertension, resective operation might

Short notes and case reports

prove to be curative. However, there are few reported cases
of successful operative removal of hepatic angiosarcoma and
the longest survival has been 16 monthst,

In our case the tumour was confined to the right lobe and
there was no sign of the extensive fibrosis. So far the patient
is apparently free of disease after 38 months. This is, to our
knowledge, the longest published survival.
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Brachiodistal vein arteriovenous
fistula with valve destruction as a
secondary access procedure for
haemodialysis

S.D. Parvin, M.R. James, P.S.Veitch and
P.R.F. Bell '

Department of Surgery, University of Leicester, Clinical
Sciences Building. Infirmary Square, Leicester, LE] 5WW,
UK

Correspondence to: S. Parvin, Department of Surgery,
Leicester General Hospital, Gwendoten Road, Leicester
LES 4PW, UK

With the increasing use of dialysis and the length of time
which has passed since programmes began, the number of
patients experiencing problems with access are either
increasing or will increase in the future. It was hoped that the
wide variety of artificial grafts would overcome the access
problem by allowing their prolonged use when primary
fistulae failed. Unfortunately, the longterm patency of these
grafts is in some doubti®, and consequently wherever
possible the patient's own vessels should be used’+. This
paper describes a technique which can be useful in
achieving this aim where other methods have failed.

Method

The patient is usually one who has had several previous attempts at
fistula creation in the wrist or elsewhere. No obvious vessels are
available, and the Brst step is 10 assess the veins carcfully by a
combination of clinical examination after placement of appropriate
light tourniquets on the arm, and superficial venography, which will
often show impalpable veins. In the unlikely event that there are no
vessels available for the operation to be described, an artifical graft
may have 10 be used.

Using an axillary block or general anaesthesia, the patient’s arm is
prepared from the axilla to the wrist, The brachial artery is explored
through an S-shaped incision passing across the brachial skin crease.
Before the artery is exposed, a search is made for any veins that may
be present in the area under the incision. The best vein is the basilic,
but if not available it is usually possible to find a vein though it may

be some distance from the brachial artery. Once a vein has been
found, the brachial artery should be exposed and the vein mobilized
in such a way that approximation to the artery is possible without
tension. Once this has been done, the patient is given Heparin {5000
units)and a sizc 3 Fogarty embolectomy catheter is passed down the
vein from clbow level distally in order to define the path of the vein
and its distal extremity. When the catheter has passed as far as it can
g0, preferably to wrist level, the vein containing il is exposed and
controlled with slings. The vein at the elbow should next be turned
across and anastomosed end-to-side 1o the brachial artery using 5/0
or 6/0 prolene, The posterior wall of the anastomosis is completed
leaving the anterior wall open (Figure 1). Any large branches passing
from the main vein deeply into the forearm ncar to the fistula are
ligated and divided. The smallest of the valve strippers (Lépine &
Lyon Ltd) is now passed through a small transverse incision made in
the chosen vein near 1o the wrist. Upward progress of the instrument
can be assessed by palpation until it reaches the anastomosis (Figure
1). The stripper is then gently withdrawn using a circular movement
10 cut through the valve leaflcts. This process is repeated until the
biggest stripper consistent with the size of the vein is passed without

Figure | The siripper is being withdrawn using a gentle circular
movement 1o destroy the valves.

R .. SRS

- AP00024417



mea

<o gt

T g SRM IR NPT TR YA TR

262

Biology of Cancer and the
Cancer Cell: Normal and
Abnormal Regulation of Cell
Reproduction

David M. Prescott, PH.D.

The distinguishing property of the
cancer cell 1§ its capacity to multiply

and invade in situations where normal

cells are restricted. The extraordinary
research effort of the last decades to
translate this pzimary difference be-
tween cancer and normal cells into
unique and specific biochemical dif-
ferences is based on the very reasonable
premise that the discovery of aunique
biochemical property for all cancer cells
is virtually an essential step in the even-
tual design of completely and absolutely
specific anticancer chemotherapeutic
agents. Unfortunately, the efforts to
achieve such translation have so far
largely failed, but in the course of this
““failure,”” an enormous amount has
been learned about cell chemistry,
physiology and reproduction.

We have learned to make a sharp
distinction between abnormal cell repro-
duction and abnormal regulation of cell
reproduction. The failure to recognize
this difference has sometimes beena
source of confusion, has inspired some
fruitless research and has led to point-
less controversy. Neoplasia is defined as
the formation of any new and abnormal
growth, but there is no evidence that
in a neoplasm the cells grow and divide
by any other than the same rules and
mechanisms by which cells grow and
divide in any normal tissue or in any
other situation (e.g., inculture).

Thus, the abnormality in neoplasia is
present not in the pracesses that con-

Dr. Prescatt is Professor, De%anment of Molecular,
Cellular and Developmental Biology, University of
Colorado, Boulder, Colorado. Revised and updated
from a paper presented at the Sixth National Cancer
Conference, 1968.
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A Spirit of Adventure:
A Personal Tribute to

Wendell G. Scott, M.D.
(1905-1972)

The onrushing flood of future possi-
bilities brings with them a spirit of ad-
venture; a need for bold, imaginative
thinking; a willingness to gamble on
provocative new concepts; the courage
to break away from entrenched view-
points, and the aggressiveness to bring
them into reality.

—Wendell G. Scott, M.D. The Chang-
ing Concepts in Control and Preven-
tion of Cancer. Presidential Address
to the American Cancer Society, Oc-
tober28, 1964.

It was exhilarating just being in his
presence. His quick smile and sponta-
neous chuckle induced an atmosphere of
friendship and warmth. His bright and
alert look, the way he leaned forward to
greet you, said that here was a man of ac-
tion. He was impatient, although always
courteous and diplomatic, about unnec-
essary delays, postponements and ob-
stacles to rapid achievement, and a me-
ticulous planner of the details and orga-
nization needed to get the desired re-
sults. This was Dr. Wendell G. Scott
—aman of extreme capability and
considerable achievement.

We greatly respected his stature in the
world of medicine, yet it somehow
seemed right to call him *‘Scottie.’* He
was President of the American Cancer
Society; Professor of Clinical Radiol-
ogy, Washington University School of

Medicine; President of the American
Roentgen Ray Society; Editor of the
journal Cancer; Chancellor of the
American College of Radiology; Con-
sultant to the Surgeon General with the
rank of Rear Admiral in the Navy;
Member of the National Cancer Advi-
sory Board; recipient of the American
Cancer Society’s highest citation, the
Annual National Award—and held a
host of other titles and committee re-
sponsibilities which, if listed, would
challenge those of lesser energy. It was
said that he hafl 24 jobs aday—one for
each hour.

When Scottic accepted an assignment
for the American Cancer Society, things
began to happen, and quickly. He was a
man soon in motion. Telephones
buzzed, visits were arranged, meetings
called, committees appointed, confer-
ences organized, documents drafted and
the goals achieved in seemingly im-
possible short periods of time. The en-
thusiasm he generated for professional
education, the earlier diagnosis of
cancer and the use of modern tech-
nological resources captured all who
were near him. Even as an intern at St.
Louis’ Barnes Hospital in the 19305 it
was said, **Give Scottie the job—he
works harder than anybody else.’’ Most
of us change with the years; Dr. Scott’s

appetite for hard work did not.

Although Scottie served a variety of
organizations and pursued 2 wide range
of interests, we never had the feeling
that he was being shared with others.
This trait of total commitment was typi-
cal of everything he chose todo, and we
could always rely on him for a solid and
outstanding performance. He lived by
the adage, **We work not only to pro-
duce, butto give valueto time.”’

Dr. Wendell G. Scott lost only one
battle in his life—to the disease he was
so eager to control.

At Tthollcl
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stitute growth and division, but in some
degree of loss of regulation of cell re-
production. The degree of loss of such
regulation is, from one type of neo-
plasm to another, highly variable but
apparently rarely complete. This is so
because neoplastic cells, with few
possible exceptions, do notreach the
high rates of proliferation that are quite
usual for certain normal cell types (e.g.,
stem line cells in blood-forming tissue,
or progenitor cells in certain epithelia). .
Various hypotheses have been

evolved based on the presumption that
growth and division in a neoplastic

cell are in themselves intrinsically
abnormal, or that neoplasia results from
altered patterns of such housekeeping
activities as energy metabolism or
deoxynucleoside triphosphate synthesis,
but such hypotheses are clearly not in
keeping with the specific experimental
findings. In addition, they are not
consonant with the present large body
of knowledge about the biochemistry,
genetics, physiology and cytology of
cellreproduction. Neoplasia is the
result of a heritable lesion or defect in
the still unidentified mechanism that
regulates the nitiation of chromosome
replication (i.e., the entry of a cell into
the synthesis of deoxyribonucleic acid—
DNA).

“Tncancers, the variable de gree of Jogs
of control over cell reproduction, ob-
s€Tved as ditlerent growth rates, is ac-
companied by two additional, primary
changes: (1) afailure to a greater or
lesser degree of the cells involved to
develop or maintain a fully differen-
tiated, mature state; and (2) aloss of
repression of cell migration that is ex-
pressed to a greater or lesser degree

as an ability to invade normal tissues.

A variety of observations point up the
specific inter-relatedness of these three
phenomena (i.¢., loss of regulation o
cell proliferation, adeficiency in dif-
ferentiation, and a loss of repression of
lcell migration), but the elucidation of the
molecular mechanisms that underlie

the causality of this inter-relatedness is
still to be reached. All three of these
basic changes in cell behavior may be
initiated by a single common causative
event. Itis.well known that the more
highly differentiated the cancer cell, the
more slowly it grows, and vice versa.
This is one of the observations that sup-
ports the thesis that an integral part of
differentiation is the establishment of a
rigid control system over cell reproduc-
tion. Incomplete differentiation of a cell
~forexample, of an hepatocyte—
means not only Pbsence of some normal
hepatocyte properties, but includes an
incomplete differentiation of regulation
of cell reproduction. The greater the
deficiency in differentiation, the greater
the deficiency in the regulation of cell
reproduction.

Inbasic research in cell biology, the
study of the loss of regulation of cell
reproduction logically proceeds from a
prior understanding of the molecular
basis for the intact regulatory mechanism
in normal tissues. This latter under-
standing depends, in turn, upon a firm
and detailed knowledge of the processes
that constitute cell growth and cell
division. The discussions in this paper
deal, therefore, with the components of
cell growth and reproduction that make
up the life cycle of every proliferative
cell, normal or abnormal. On this basis
we proceed to the normal interruption
of the cell life cycle by which the regula-
tion of cell reproduction is accomp-
lished. And finally, we consider briefly
the possible basis for the loss of such
regulation.

The Cell Life Cycle

All of the events of cell reproduction
are encompassed within the period
called the cell life cycle. The life cycle
extends from the completion of one cell
division to the completion of the next,
and it contains all of the events nec-
essary to produce a doubling in the
structural elements and functional ca-
pacities of the cell, and—what is espe-

263

- AP00024420



cially important in this discussion—it
includes those events that are particu-
larly and directly preparations for cell
division. For present purposes, rel-
atively little attention need be given

to growth or development of the cyto-
plasm, because the pace of cell progress
through the life cycle is governed
principally by the nuclear events of
chromosome replication and segregation
(mitosis). All other growth activities

are ultimately geared directly or re-
motely to the accomplishment of these
chromosomal processes, and the regu-
lation of cell reproduction is precisely a
question of the regulation of chromo-

some replication.

The cell life cycle, which isdivided
into four subsections on the basis of
chromosome replication and segrega-
tion, is summarized in the diagram.
(Fig. 1.) The first subsection, which
occupies the first part of interphase, is
called the G, phase, and it extends from
the completion of the previous cell
divisionto the beginning of chromo-
some replication. The essence of
chromosome replication is deoxyri-
bonucleic acid synthesis, and the be-
ginning of DNA synthesis defines the
end of the G, phase and the initiation of
the S (synthesis) phase. The S phase is
usually six to eight hours inmammalian
cells, and is followed by an interval of
usually two to three hours, called the G,
phase, which separates the end of chrom-
osome replication (DNA synthesis) from
the detectable beginning of prophase
in mitosis and cell division. The period
of mitosis or division is called the D
(division) phase and commonly lasts
less than an hour. The terminology of
G, S, G, and D was originated by
Howard and Pelc!, who first clearly de-
fined the existence of the four subsec-
tions of the cycle from studies on plant
root cells, although it had been shown
previously by others that DNA synthesis
occurs during interphase.2 Although
much has been learned about the
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properties and contents of all four of the
cycle subsections, the definitions of the
G, and G, phases continue to be essen-
tially negative (i.e., no specific molec-
ular events have yet been discovered
which define or explain the existence of
these two phases). They stand as time
gaps between the clearly defined D and
S phases.

The transition of acell from G, to S
isacritical point inthe cycle. Once DNA
synthesis begins, a cell ordinarily pro-
ceeds quickly to the completion of di-
vision and the two resultant daughter
cells enter thé next G, phase. Cells do
notnormally cease reproductive ac-
tivity by becoming arrested in ¢ither S,
G, or D, although, in certain circum-
stances, both S or G,,and evenD, can
be very long. Because control of cell
reproduction is essentially always
achieved by action in the G, phase, and
never in either the S or G, phases, little
more will be said about these latter two.
There are many important unanswered
questions about events within S and G,
but these are not immediately germaine
to the problem of regulation of cell
reproduction. In mammalian cells, G,
is probably concerned primarily with
synthesis of the macromolecules needed
for assembly of the mitotic apparatus
and with the beginning of condensation
of the chromosomes into their mitotic
configuration.

The individual cell cycle is made up
of a succession of many steps. The
problem is to determine the nature of
these steps and the means by which these
steps are held together by cause and
effect relationships in a way to produce
the ordered continuity known as the cell
cycle. The identification of the four
major subsections of the cycle (i.e., G,
S, Gy, and D) represents the beginning
of the decipherment of this cause and
effect sequence. It is likely that only &
small fraction of the total genetic ap-
paratus of acell is concerned with these
matters of continuity of the cell life
cycle.
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- Fig. 1. A diagram of the major coniponems of the

cell life cycle. Ina mammalian cell in culeure, G, is
typicdly 4 hours; S, sbout 7 hours; Gy, 2 to 3 hours;
anddivision (D), about I hour. Cell reproduction in

The preceding section presents a gen-
eral view of the composition of the cell
life cycle. The sections to follow deal
with certain aspects of the cell cycie with
particular attention to possible mecha-

nisms for regulation of cell reproduction.

The G, Phase

As already pointed out, the presence
of the G; phase is not defined by any
known events butis the time gap be-
tween the end of cell division and the
initiation of DN A synthesis. Consider-
able information has, nevertheless, been
obtained about its properties.

The existence of G, has sometimes
been ascribed to preparations for DNA
synthesis; in particular, the synthesis

oy

control of cell
reproduction by
extension of the G,
phase

point of decision
to proceed to
DNA replication

. ‘ Fa
atissue is regulated by the srrest of cells inthe G,
phase. The lesion in cancer is the failure of the
ne:&mic cellto be properly restrained in the G,
period. e

-

=g b

of enzymes needed to produce pools of
the immediate precursors of DNA—-i.e.,
the four deoxynucleoside triphosphates,
and the synthesis of DNA polymerases
and possibly other proteins concerned

with configurational modifications of

DNA in connection with replication.
Some of these enzymes are, in certain
cells, synthesized just before the in-
itiation of DNA synthesis, an observa-
tion that supports the hypothesis already
stated that a sequential cycle of gene
activations underlies the cycle. But, at
the very most, only the terminal part

of G, can be explained by these enzyme
syntheses, and the explanation for the
existence of G, needs to be sought in
other events. '
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Experiments with inhibitors have
shown that both RNA and protein
syntheses are necessary for a cell to
progress through the G, phase, but this
type of information is toa nonspecific to
afford insight into the reasons for G,.
Measurements of cell mass in mouse
cells in culture have shown that the
larger the cell at the beginning of G, the
shorter the subsequent G, period.® The
measurements demonstrate that the
mass of the cell, or some component of
cell mass, has an important bearing
on the rate at which the G, events are
accomplished, but unfortunately it does
not contain any specific clue about the
nature of these events. This relationship
between cell mass and the length of G,
may be interpreted to mean that G, is
principally a period of cell growth, with
the corollary that the mechanism that
activates DN A synthesis is itself sensi-
tive to total cytoplasmic mass or, more
likely, to some specific part of cyto-
plasmic mass; for example, the amount
of aparticular protein. This important
corollary is borne out by the observa-
tion in these experiments that in a popu-
lation of cells there is less variation of
mass among those cells initiating DNA
synthesis than among those cells begin-
ning the G, phase. This suggests that
initiation of DNA synthesis isrelated to
the attainment of a givencell massora
given amount of some particular part of
cell mass.

Any explanation of the G, phase
must take into account the fact thata
measurable G, phase can be absent in
the life cycle of some cells. For ex-
ample, ascites tumor cells in mice have
no G, period under certain conditions
permitting rapid growth,* and rapidly
proliferating stem line cells of erythro-
poieses may have little or no G, phase.
Cells inearly cleavage stages in at least
some animals lack G,, although G, be-
comes atypical part of the life cycle for
almost all cells of the embryo at later
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stages of development. Finally, aline of
hamster cells has been described that
grows withouta G, period.* Thisisa
particularly interesting example be-
cause this hamster cell line was almost
certainly derived by a basic (genetic?)
change from a hamster cell in which G,
was aregular feature. Perhaps it might
be tentatively concluded that under
conditions that favor very rapid cell
proliferation, the cell cycle isshortened
by reduction of the G, phase to anim-
measurably brief interval, oreliminated
altogether. fnfortunately, we have no
solid clues as to the underlying cause of
G, elimination.

Whatever the reason that G, is present
under some conditions and not under
others, the observations reveal the im-
portantfact that G, isexpendableasa
time period with respect to maintenance
of continuity of the celllife cycle. In
general, the facts are consistent with the
proposition (developed below) that the
G, period is brought about by the con-
trolled interruption of the cell life cycle
—an interruption by which regulation of
cell reproduction is achieved.

The most striking property yet dis-
covered for the G, phase is its vari-
ability in length within a population of
cells of any given type. This was first
clearly noted for clonal populations of
cells proliferating in culture with a con-
stant average cell cycle time. All cells
show cell cycle times that are normally
quite variable even though the average
generation time for the population re-
mains constant. The variability is due
primarily to variation in the length of
the G, phase withrelatively little or no
fluctuation ordinarily present in the
lengths of the §, G, or D phases. The
observation has been extended to situa-
tions in which the average generation
time for cells of a uniform type can be
lengthened by a shift to slightly less
favorable culture conditions. In such
cases the increased generation time is
accounted for largely, if notentirely,
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by an expansion of the G, phase with
little or no increase in the durations of
S, G, or D. This is not to say that in-
creases in S, Ge or D do not occur under
some conditions, but the major change
is always in the length of Gy. Anex-
treme extension of G, occurs in cells in
culture that cease proliferation during
stationary phase of culture growth; all
the cells under stationary phase condi-
tions are arrested inthe G, state. -
Especially pertinent is the arrest in
G, of mammalian cells incultureasa

consequence of contact inhibition. Itisa ~

well-established observation that normal
(diploid) mammalian cells in culture
cease migration and cell division when
the cells become so crowded that large
areas of contact between cells are estab-
lished.

Regulation of Cell Reproduction

_ During cleavage stages of develop-
ment, cell reproduction is extremely
rapid. During this period of minimum
restrainton cell reproduction, the cell
life cycles are foreshortened by the
climination of any measurcable G,
period. Ata point in the development of
the embryo not yetdetermined, therate
of cell reproduction begins to decline in
various groups of cells that have entered
very early differentiation; there is some
evidence thatthe reduction in reproduc-
tive rate is achieved by the introduction
of a G, phase into the cells cycles. Fi-
nally, in the adult organism the degree of
restraint operating on cell proliferation
becomes stabilized, although it differs
enormously from one tissue to another
in a way that conforms precisely to the
need fornew cells to replace those lost
by death. The degree of restraintin
cach tissue is exactly reflected in the
time that the average cell requires to
complete one life cycle. Average life
cycle times, therefore, vary from many
thousands of hours—in a very slowly
renewing tissue such as liver—to 12 or
less hours in stem line cells serving the
very rapid turnover of erythrocytes.

The normal demand for new erythro-
cytes in man is roughly 2.5 million per
second, which means the completion
and initiation of 2.5 million cell life
cycles every second. '

The dynamic state of the regulatory
mechanism that maintains the different
and appropriate rates of cell reproduc-
tion in each adult tissue is dramatically
apparent in the changes in the rates of
cell reproduction brought about by
wounding of epithelia, partial hepatec-
tomy, acute loss of blood cells, or
similar disturbapces to renewable tis-
sues. The rate of cell proliferation is
greatly accelerated in such cases of acute
cell loss until the cell population is
restored to the normal level.

The analysis of the life cycles for cells
in a variety of renewing tissues has
produced an important insightinto the
normal regulatory mechanism. For ex-
ample, in the alimentary tract of the
mouse, the average cell cycle time for
the epithelial stem cells variesfrom 17
hours in the ileum to 36 hours in the
colon, to 85 hours for buccal mucosa, to
181 hours in the esophagus.* It is a strik-
ing fact that these differences in cell cycle
times are due to a change in the duration
of only the G, period of the cycle. The
combined duration of the S, G,, and D
phases is approximately 10 hours in all
cases, while the duration of G, varies
from approximately seven hours in the
ileum, 25 hours in the colon, 75 hours
for buccal mucosa, to 171 hours in the
esophagus. Under some circumstances,
such as suboptimal nutrient conditions
(for example, because of a poor blood

- supply), the lengthsof S, G, and D may

be increased. But it is clear that the
regulation of the rate at which tissue
cells are allowed to reproduce is exer-
cised by the retention of cells in the G,
state for ashorter or longer period. Cell-
cycle analyses are now available for the
cells in a number of normal renewing
tissues as well as in neoplasms, and they
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bear out the generalization. Finally, in
nonrenewing tissues of the adult (e.g.,
skeletal muscle cells and neurons) the
differentiated cells are permanently
arrested in the G, state.

Thisrole of Gy in the regulation of
cell reproduction in renewing tissues

.and neoplasms is in striking accord with

the established fact that infree-living
cells of all types and mammalian cells
grown in culture the natural arrest point
for cell reproduction is in the G, phase.
On this basis, it is reasonable to postu-
late that the regulation of cell repro-
duction in multicellular organisms has
evolved out of the mechanisms by
which cell reproduction is curtailed in
free-living cells under natural (but un-
favorable) conditions.

The discovery of this property of the
G, phase represents amajor and most
significant advance in our understand-
ing of cell reproduction and has brought
into much sharper focus the whole prob-
lem of the regulation of cell reproduc-
tion and, most important, the loss of
such regulation in neoplasia.

Inthisregard, it is pertinent to bring,
up once more the phenomenon of con-
tact inhibition, We have very Iittle idea
of why or how contact between cells
prevents their entrance into chromosome
replication, but it is a most impressive
fact that these cells can be released from
inhibition by transformation with cer-
tain RNA or DNA viruses(e.g.,
polyoma virus, simian virus 40, Rous
sarcoma virus).? Viral transformation
of diploid, normal cellsTs measured as a
release from contact inhibition of hath
Ma\ﬂ?"r“"r’—* fion and reproduction. One of the
first signsthat franstormation has oc-
curred is the exodus of cells from G,
with the initiation of DNA synthesis.
Shortly following the initial events of
viral transformation, the cells undergo a
pronouncedm\ﬁr@ﬁgﬁom
diploid to aneuploid.

The changes that occur in transforma-
tion (i.e., release from inhibition of
migration and reproduction and devel-
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opment of aneuploidy) parallel strikingly
the changes that convert anormal cell
into a neoplastic cell. Because trans-
formation can be induced not only by
viruses but by radiation or carcinogenic
chemicals, and because atleastsome
cells transformed in culture are capable
of producing tumors when injected into
animals, it can hardly be doubted that
cell transformation in culture is essen-
tially the same process by which cancer
develops in vivo. .

The breakdown in the control of cell
proliferation must, as a corollary to the
discovery of the G, arrest, or G, exten-
sion of the cell cycle, stem from a loss
of sensitivity in one or more G, events
to a tissue-specific regulator substance
(co-repressor). (Fig. 2.) Such regulator
substances are still undefined in spite
of 2 hard search, buta variety of
observations on normal tissue develop-
ment, experiments on partial hepatec-
tomy, unilateral nephrectomy and skin
regeneration, and other studies all
compel us to believe that they exist.
Regulator substances are usually dis-
cussed in the context of the autoregula-
tion hypothesis, which is composed of
the following elements. Itis clear that
the differentiation of any cell type for
performance of a particular, specialized
function (for example, hepatocytes) at
the same time includes the differentia-
tion of a highly characteristic regulation
of the reproductive rate for that given
cell type. Quite obviously, differentia-
tion of a fully functional hepatocyte can
only be successful if this is accompanied
by differentiation of the appropriate rate
of cell reproduction (i.e., arate suf-
ficient to replace liver cells lost by
death). If this differentiation of repro-
ductive rate is incomplete or otherwise
defective, ahepatoma is the result.

The differentiation of regulation over
the rate of cell reproduction also in-
cludes a flexibility that allows the cell
to accelerate greatly its rate of reproduc-
tion in response to the acute loss of
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. of tissue cells. The scheme encompasses and con-
nects the autoregulation hypothesis and the initiator

. protein concept. (See text for details). The cell

g restricts its own reproduction by synthesizing factors
other cells of the same type in any
renewable tissues (e.g., the increase
in reproduction of hepatocytes in re-
sponse to partial hepatectomy). There-
fore, it has been postulated (Fig. 2)
that, as apart of differentiation, each

. particular cell type establishes and

H maintains a specific microenvironment

t for itself by continuous additiontothe -

microenvironment of a short-lived co-

.; repressor that specifically interacts, by -,

p feedback, to inhibit cell reproduction

{ in'that particular cell type which A

H produced the particular co-repressor. -

b The production of the postulated co-

i repressor not only must be tissue

i;

L N

Cytoplasm

 NN——— T ——

Repression

Synthesis

__ hepatectomy. B
%’ .. The essence of the hypothesis must .
“certainly be correct, although a regulator
"”k‘* substance (co-repressor) has never been

Synthesis
of a Labile
Co-Repressor

Synthesis of
Repressor + Co-Repressor Protein

Complex

Initiator
Protein

Coetme LI \‘..' .i!{’: ‘Y.}_%!g; .
: SR Pav e
(co-repressor and relgressor in this ﬁvim) that work
togetber to prevent the synthesis of the RNA
responsible for production of initistor proteins. The
inhibition of the synthesis of initiator proteins pre-
vents the initiation of DNA replication.

&t :.’-‘;__-

specific but also must be tied in some
fashion to the functional demands
placed on the particular cell type in
order to explain the capacity of renew-

. ing tissues to undergo hyperplasia or

regression in response to a variable
functional demand placed on the tissue.
The co-repressor must also be liable

or actively broken down if the hypo-
thesis is to explain the dynamic response
following such cell Igsses as partial oy

oo - _"-?;‘i‘:'

identified. What is important here is that
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autoregulation, whatever its molecular
mechanisms, works by holding cells in
the G, phase of the cell cycle, and
breakdown in alink of the autoregula.
tory mechanism results in neoplasia by
allowing the entrance of cells into DNA
synthesis, Without knowing any of the
molecular details in autoregulation, we
can hardly speculate about the specific
details of their breakdown. Neverthe-
less, there are important indirect clues.
Itis well established that a change in
chromosomal constitution is a general
accompaniment of the development of
neoplasia whether the initiating stimulus
is chemical, viral, radiation or un-
identified (spontaneous). The karyotype
changes are usually extensive and
variable from neoplasm 0 neoplasm,
and it has not been possible (with one
or two exceptions) to associate any
regular pattern of change with any
particular neoplasm. It has been argued
that the gross karyotype changes are
secondary to the transformation of a
cell to a neoplastic state and that the
initial primary change is more subtle.
Itis, in fact, difficult to understand why
gross chromosomal changes would be
necessary to produce the G, phase
breakdown in control of cell reproduc-
tion. A human tumor cell line with an
apparently normal diploid karyotype has
been reported.® In a few neoplasms the
chromosome change that accompanies

transformation is indeed small (e.g., the
loss of a small piece of chromosome

21, the Philadelphiachromosome, pres-
ent in chronic myelogenous leukemia).
It seems significant that the loss of part
of chromosome 21 in chronic myelog-
enous leukemia is detectable in normo-
blasts and megakaryocytes butis only
effective in producing neoplasiain
leukocytes. The observation is in
keeping with the hypothesis that the
breakdown in the regulation of cell
reproduction is an intimate part of the
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differentiation of the particular cell type
(in this case, leukocytes), and, there-
fore, transformation of different cell
types (in this case, normoblasts and
megakaryocytes) requires changes in
different parts of the genetic apparatus.

In those cases of chronic myeloge-
nous leukemia that lack any detectable
loss from chromosome 21, it can be
argued that the crucial deletion under-
lying this disease occurs at the very end
of the chromosome, and that the dele-
tion is therefore accomplished whether
a large or undetectably small deletion is
involved. The same argument applies
to the apparently normal diploid
human tumor mentioned in the para-
graph above.

This argument on the minuteness of
the chromosomal change necessary to
produce neoplasia gains validity from
the important discovery by Gateff and
Schneiderman® that the development of
an invasive, malignant, transplantable
neuroblastoma in Drosophila larvae is
due directly to the homozygous presence
of a recessive mutation in the left tip of
the second chromosome (with no other
chromosomal change and certainly no
change in karyotype). This clear evi-
dence of a single mutational basis fora
neoplasm is remindful of the un-
recognized work of Gordon'® many
years ago proving beyond doubt the
genetic basis of melanoma induction in
certain fish. The fact that the neoplastic
growth occurs only in neural tissue in
Drosophilalarvae even though the
mutation is present in all tissues, and
that the neoplastic growth occurs only
in melanocytes in fish even though the
same genetic makeup is present in all
tissues, strongly indicates that trans-
formation to the cancerous state is con-
nected to a failure of the particular cell
type to differentiate the normal regula-
tory mechanism that is unique to the
differentiation process of that cell type.
Obviously, it would be important for
our understanding of cancer if the activi-
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b ty specified by the mutant locus in

: Drosophilacould be identified. There
appears to be, at present, no feasible

‘ way of making such an identification.

. The fact that all neoplasms develop

' by achange in some G, event focuses
special attention on this part of the cell
cycle. Of particular importance is the
transition from the G, into the S phase,
because the initiation of DNA synthesis
is the earliest identifiable point at which
itis clear that the cell has become

o e

; committed to another cell division. The -

transformation into aneoplastic state is

first detected as the acceleration of en-

trance of cells into DNA synthesis. The
- breakdown in regulation of the initiation
i of DNA synthesis is therefore currently
; the most specific event by which we

are able to explain the breakdown of

regulation of cell reproduction.

A lesion in the control mechanism
for DNA synthesis obviously is the
principal issue in the development of
neoplasia, but identification of the
lesion seems very unlikely before the
fully intact control mechanism is
elucidated. Most of what is known
about the control of DNA synthesis
comes from the extensive and ingenious
studies of microorganisms. It has been
established that initiation of synthesis is
brought about by the synthesis of a
protein that apparently does not con-
stitutc any of the enzymes known to
be necessary for DNA synthesis but
instead acts as an initiator of DNA
synthesis. What controls the synthesis of
this initiator protein is one of several
key questions. Mutants have been ob-
tained in microorganisms in which the
ability to initiate DNA synthesis has
been lost, with some evidence that the
alteration or loss of the initiator protein
is the basis for the defect in initiation of
DNA replication. Such information
and concepts developed for micro-
organisms are beginning to have a pro-
found impact on efforts to understand

the control of DN A synthesis in higher
cells, and itis likely that the develop-
ment of new approaches to basic re-
search on cancer will be guided more
and mote by the discoveries from micro-
bial studies.

Figure 2 contains a speculative
diagram of atissue cell that attempts
to encompass and connect, with the
least number of postulated elements as
possible, both the autoregulation idea
and the initiator protein hypothesis.
Initiation of DNA synthesis is postu-
lated to be brought about by an initiator
protein, the synthesis of which is
controlled at the transcription level
(messenger RNA synthesis). The syn-
thesis of this messenger RNA is re-

* pressed by the complex between a

repressor protein and a co-repressor.
Both the repressor protein and the co-
repressor are synthesized continuously,
and both are specific for any given
cell type; the repressor protein remains
intracellular while the labile co-repressor
equilibrates with the space of the
microenvironment. As long as there is
sufficient co-repressor in the system,
DNA synthesis is repressed. If the
effective concentration of the labile
co-repressor in the microenvironment
isreduced by acute loss of cells, or is
destroyed at anincreased rate as a
consequence of increased functional de-
mand on the particular cell type, re-
pression of DNA synthesis is weakened
in some proportion to the decrease in
the amount of repressor-co-repressor
complex. The active destruction of co-
repressor atarate dependent on the
functional load is, in this scheme, pro-
posed as the means by which functional
load is communicated to the regulation
of DNA synthesis and cell reproduction.
Without presenting the details of the
argument, it seems most likely that the
breakdown in the mechanism that
controls DNA synthesis most likely
would occur in the regulation of
synthesis of repressor protein, orina
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mutation of the repressor protein gene
itself. The development of the proper
amount of regulation may be considered
apart of the total pattern of differentia-
tion of that cell type; the less the dif-
ferentiation of the cell, the less com-
plete the development of regulation of
repressor synthesis. Inclusion of the
property of specificity by cell type for
both co-repressor and repressor is
sufficient to explain independent regula-
tion from one tissue cell type to the
nextand is particularly pertinent to the
fact that neoplasia are highly tissue
specific.

All these hypothetical arrangements
may yield a picture that seems just too
contrived and fanciful in view of the.,
dearth of solid information, but most
of this scheme has a counterpart in the
mechanism of regulation of RNA
transcription in microorganisms that is
based on firm fact. Elements of the
diagram (Fig.2) have already been
published by others.

In any case, the elucidation of the
molecular mechanisms that control the
initiation of DNA synthesis will put -
within much closer reach a full explana-
ton of the regulation and the loss of
regulation of cell reproduction in mam-
malian tissues. At this point it is quite
clear that the problem of loss of regula-
tion of cell reproduction in neoplasia
isprecisely a question of a genetically
based loss of control over initiation of
DNA replication, and until we solve
these pointed problems, the chance of
finding a prevention or cure to cancer is
extremely remote.
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A Spirit of Adventure:
A Personal Tribute to

Wendell G. Scott, M.D.
(1905-1972)

The onrushing flood of future possi-
bilities brings with them a spirit of ad-
venture: aneed for bold, imaginative
thinking; a willingness to gamble on
provocative new concepts; the courage
to break away from entrenched view-
points, and the aggressiveness to bring
them into reality.

—Wendell G. Scott, M.D. The Chang-
ing Concepts in Control and Preven-.
tion of Cancer. Presidential Address
to the American Cancer Society, Oc-
tober 28, 1964.

It was exhilarating just being in his
presence. His quick smile and sponta-
neous chuckle induced an atmosphere of
friendship and warmth. His bright and
alert look, the way he leaned forward to
greetyou, said that here was a man of ac-
tion. He was impatient, although always
courteous and diplomatic, about unnec-
essary delays, postponements and ob-
stacles torapid achievement, and a me-
ticulous planner of the details and orga-
nization needed to get the desired re-
sults. This was Dr. Wendell G. Scott
—aman of extreme capability and
considerable achievement.

We greatly respected his stature in the
world of medicine, yet it somehow
seemed right to call him ‘‘Scottie.’’ He
was President of the American Cancer
Society; Professor of Clinical Radiol-
ogy, Washington University School of

Medicine; President of the American
Roentgen Ray Society; Editor of the
journal Cancer; Chancellor of the
American College of Radiology; Con-
sultant to the Surgeon General with the
rank of Rear Admiral in the Navy;
Member of the National Cancer Advi-
sory Board; recipient of the American
Cancer Society’s highest citation, the
Annual National Award—and held a
host of other titles and committee re-
sponsibilities which, if listed, would
challenge those of lesser energy. It was
said that he had 24 jobs aday—one for
each hour.

When Scottie accepted an assignment
for the American Cancer Society, things
began to happen, and quickly. He was a
man soon in motion. Telephones
buzzed, visits were arranged, meetings
called, committees appointed, confer-
ences organized, documents drafted and
the goals achieved in seemingly im-
possible short periods of time. The en-
thusiasm he generated for professional
education, the earlier diagnosis of
cancer and the use of modern tech-
nological resources captured all who
were near him. Even as an intern at St.
Louis’ Barnes Hospital in the 1930°s it
was said, ‘‘Give Scottie the job—he
works harder than anybody eise.”” Most
of us change with the years; Dr. Scott’s

appetite for hard work did not.
Although Scottie scrved a variety of

organizations and pursued a wide range
of interests, we never had the feeling
that he was being shared with others.
This trait of total commitment was typi-
cal of everything he chose to do, and we
could always rely on him for a solid and
outstanding performance. He lived by
the adage, ‘‘We work not only to pro-
duce, butto give value to time."’

Dr. Wendell G. Scott lost only one
battle in his life—to the discase he was
s0 eager to control.

Attn. Tthollels o
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In hospitals, as in all other health facilities, what real-
ly mattered, above any kind of technical considera-
tion, was political relevance.

From this brief review of the effects of social revolu-
tion on the public health of Chile, a basic message
emerges. The health status of a developing nation de-
pends upon an equilibrium between economic, social
and political factors but with du¢ regard for scientific
and technical advances. A salely political or ideologic
approach to health and medical problems cannot
solve the low standard of health of these populations.
Only if the technical and scientific levels of medicine
are increased in concert with a balanced and progres-
sive social change, is it possible to close the large gap
between the health levels of Western democracies and
those of the developing countries.
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MEDICAL PROGRESS

THE CANCER CELL: DYNAMIC ASPECTS AND MODIFICATIONS IN CELL-SURFACE
ORGANIZATION (Fissteod-Tano-Raris)

GarTH L. NicotsoN, Pu.D., aAND GEorRGE PosTE, M.D., Pu.D.

HE essential features of tumor cells that distin-

guish them from their normal counterparts are
their ability to proliferate in an uncontrolled fashion,
invade normal tissues and metastasize to distant sites,
though these behavioral alterations are not always
coupled. It is now recognized that changes in the sur-
face properties of tumor cells may be important in de-
termining aspects of each of these major behavioral
characteristics.

Within the primary tumor, alterations in the sur-
face properties of tumor cells contribute to their es-
cape from many of the controls and social restraints to
which normal cells are subject. The proliferation of
tumor cells is no longer effectively regulated by cell-to-
cell contact interactions, and they are increasingly un-
responsive to growth regulation by serum factors, hor-
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" mones and other agents that exert their effects after

binding to the cell surface. Tumor cells can therefore
achieve varying degrees of autonomy from normal
growth restraints, and this ability is reflected in un-
controlled proliferation and progressive enlargement
of the primary tumor. Altered surface properties of
tumor cells may also result in aberrant cell-to-cell
recognition, allowing tumor cells to escape from the
control mechanisms responsible for maintaining prop-
er cell position. In malignant lesions these processes
are augmented by metastasis, in which the surface
properties of tumor cells are important not only in the
invasion of surrounding normal tissue (or tissues) and
initial separation of cells from the primary tumor, but
also in determining the subsequent pattern (or pat-
terns) of cell distribution and establishment of meta-
static foci. Finally, the outcome of the interaction of
tumor cells with elements of the host immune appa-
ratus in both primary and secondary tumors is influ-
enced in large part by the surface properties of the tu-
mor-cell population. ’ . :

To understand these complex phenomena, the
properties of cell membranes and the surface organi-
zation of normal and neoplastic cells must be com-
prehended. Over the last decade knowledge of the
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structure and dynamic organization of cellular mem-
branes has increased substantially, and a large num-
ber of surface differences between tumor cells and
their normal counterparts have been identified. A full
discussion of this vast subject is impossible within the
limits of the present article. We will instead restrict
our comments to a brief review of recent data ob-
tained in several laborataries suggesting that the top-
ographic rearrangement of various cell-surface com-
ponents may be imporiant in determining the expres-
sion of certain of the altered surface properties and ab-
errant behavioral characteristics displayed by tumor
cells. Particular emphasis will be given to the control
of cell-surface receptors by cytoskeletal elements situ-
ated in the cytoplasm and the related question of how
changes in these trans-membrane control systems!
might account for some of the surface modifications
associated with neoplasia.?

CELL-SURFACE ORGANIZATION

Cell membranes are composed of lipids, proteins,
oligosaccharides and polysaccharides.’ The most like-
ly arrangement for these components is one that max-
imizes the Jowest [ree cnergy environments for each
constituent. For lipids (such as phospholipids), which
are structurally asymmetric in the hydrophilic and
hydrophobic portions of their structures, hydrocarbon
tails in solution tend to associate and exclude water
whereas jonic heads tend o seek interactions in the
aqueous phase. These interactions favor the formation
of a continuous bilayer configuration for membrane
lipids that sequesters lipid hydrocarbon tails from the
aqueous phase.}* The lipid molecules on each side of
the bilayer are also arranged asymmetrically in at
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least certain cell membranes,® and they are capable of
rapid lateral motion in the plane of the bilayer giving
most biologic membranes the viscosity of light oil.13.46
Lipids can also segregate in membranes to form spe-
cific domains with different average compositions, and
they can associate with membrane proteins (**bound-
ary lipid™”) to form lipoprotein complexes.! In addi-
tion, some membrane lipid may exist in a “frozen” gel
state segregated from the bulk fluid lipid.* These
various lipid states may be important in organizing
cell membranes into specific domains, although avail.
able evidence!-*® suggests that most lipid molecules
are in a fluid state and are freely diffusable in the
membrane plane.

Membrane proteins are basically of two types:
those stabilized in the membrane by hydrophobic in-
teractions (for example, components bound by wa-
ter exclusion and interaction with lipid hydrocarbon
tails); and those stabilized onto the membrane surface
by hydrophilic interactions (for example, components
surrounded by aqueous environment and charged
groups and bound to the membrane by other than
hydrophobic forces). Proteins in the former group
have been termed integral membrane proteins,® and
this class of proteins appears to be involved in phe-
nomena such as metabolite and ion transport.':* Inte-
gral membrane proteins {and glycoproteins) are glob-
ular, bimodal proteins that interact in both the hy-
drophobic (hydrocarbon) and the hydrophilic parts of
the membrane.™* Thus, they are intercalated into the
fluid lipid bilayer to various depths, depending on
their amino acid sequences and three-dimensional
folding (Fig. 1). It is important that some integral pro-
teins and glycoproteins can completely span the mem-
brane'** and have hydrophilic peptide sequences on

Figure 1. Hypothetical Trans-membrane Control over the Distribution and Mobility of Cell-Surface Receptors by Peripheral

and Membrane-Associated Cytoskeletal Components (Reproduced from Nicolson! with the Permission of the Publisher).

In this schematic model of membrane organization the mobility of integral glycoproteln complexes GP; and GP, is controlled

by outer-surtace peripheral components and also trans-membrane linkages to membrane-associated cytoskeletal etements.

In addition, complexes GP, and GP, could be sequestered into a specific lipid domain indicated by the shaded area, whereas

complex GP; exists in a free or “unanchored™ state and is capable of lateral motion in the membrane plane formed by the flu-
v Id lipid matrix. MT denotes microtubules, and MF microfilaments (not to scale).
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both the external and the cytoplasmic membrane
faces (Fig. 1).

The second group of proteins, termed peripheral
membrane proteins,’ seem to be involved in a variety
of roles not essential to the basic structure of biologic
membranes. Peripheral membrane proteins usually
associate with integral membrane proteins and glyco-
lipids by ionic interactions that can be disrupted by
high salt concentrations or chelating agents.’ Remov-
al of peripheral membrane components does not re-
sult in destruction or solubilization of the mem-
branes, whereas removal of integral proteins is usual-
ly accompanied by dissolution of membrane struc-
ture.?

The cell membrane in its most simple form can be
considered a two-dimensional solution of a mosaic of
integral membrane proteins embedded in a fluid lipid
bilayer.’ This concept of membrane architecture has
two important implications for membrane function.
In the first place, the arrangement permits membrane
components to be organized asymmetrically, thus al-
lowing certain membrane components to be localized
predominantly in either the outer or the inner half of
the membrane.3* Membrane glycoproteins and gly-
colipids, for example, are arranged so that their car-
bohydrate residues are exposed exclusively at the out-
er face of the cell membrane (Fig. 1), where they func-
tion as specific receptors for antibodies, hormones,
lectins, viruses and other agents.!* Maintenance of
membrane asymmetry dictates that components do
not continually rotate through the membrane from
one side to the other. Restriction of such trans-mem-
brane rotation (or so called flip-flop) has recently
been demonstrated experimentally.®

The second important feature of the type of mem-
brane organization is that components can diffuse lat-
erally within the plane of the membrane.!3*¢ This dif-
fusion offers a potential mechanism for rapid and re-
versible changes in the topography of specific mem-
brane components (Fig. 1). Various integral proteins
and lipids have been shown to move laterally within
the membrane, though at quite different rates.* The
lateral diffusion of lipids is rapid, each molecule ex-
changing with its neighbor about 107 times a second.¢
A number of integral membrane proteins and glyco-
proteins are also able to diffuse laterally within the
membrane but at much slower rates than the lip-
ids,"?47? whereas certain prot¢ins appear to be rela-
tively immobile or *‘anchored” within the mem-
brane.!#' The distinct mobilities of unique classes of
integral proteins and glycoproteins within the plasma
membrane suggest that the ceil may possess a con-
trol mechanism that restricts the mobility of some
components to maintain ordered topographic dis-
plays or ‘“‘patterns’ of molecules on the cell surface.®
Such patterns might well be highly specific, differing
on individual cell types and specific regions of the
same cells, and they might also change during vari-
ous stages of cellular activity.

Topographic molecular patterns could be funda-
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mental to the inherent specificity of cell-surface orga-
nization. The existence of cell-specific surface pat-
terns could constitute an important mechanism for
determining cell contact and recognition phenomena
and for transmission of cell positional information in
tissues. In addition, topographic redistribution of
surface components might occur in response to
various environmental stimuli, offering a mechanism
for rapid and reversible modulation of cell-surface
properties after interaction of such agents as mito-
gens, serum factors, hormoncs,‘lcctins and antibodies
with the cell surface.

There is an increasing amount of evidence that the
translational mobility of certain classes of integral
membrane proteins is controlled by cytoplasmic skel-
etal elements composed of microtubules and microfil-
aments that appear to be “linked” in some way to in-
tegral membrane proteins.!-*’# This concept has been
termed trans-membrane cytoskeletal control' be-
cause any regulatory influence exerted by cytoskele-
tal elements on the mobility of integral membrane
components will simultaneously affect components
on the outer face of the membrane that are trans-
membrane linked to this cytoskeletal system
(Fig. 1).

Microtubules are large, rigid tubular structures
with an outside diameter of 25 nm and an inner core
15 nm in diameter. These structures, which are con-
structed predominantly from a protein subunit called
tubulin, have been found in both the nucleus and the
cytoplasm (in the latter often associated with the cell
membrane) in a wide variety of cells.! Cytoplasmic
microtubules appear to undergo rapid and revers-
ible assembly and disassembly, and although con-
trol of these processes is unclear, calcium ions and
cyclic nucleotides appear to be involved." Microtu-
bules can be induced to dissociate by pressure and
low temperatures, and their assembly is inhibited
by plant alkaloids such as colchicine and vinblas-
tine.!

Microtubules are often found in association with
another class of cytoskeletal elements, the microfila-
ments. The latter are thin (approximately 6 10 8 nm in
diameter), double helical filamentous structures that
are frequently associated with the plasma membrane
in bundles or sheets immediately apposed to the inner
face of the membrane.!? The identification of actin,
myosin and tropomyosin in association with microfil-
ament bundles'*!3 has contributed to the belief that
they are contractile and perform important muscle-
like functions in cell locomotion, cell-shape changes,
cytoplasmic streaming and the movement of various
plasma membrane components (seec below).

Although microtubules and microfilaments are not
true cell-membrane components, their control of the
mobility and distribution of certain cell-surface recep-
tors indicates that they are in some way trans-mem-
brane “linked” to surface components, and this char-
acteristic justifies their classification as membrane-as-
sociated components.!
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TRANS-MEMBRANE CYTOSKELETAL CONTROL OF
SURFACE RECEPTORS

The binding of multivalent ligands to receptors on
the cell surface can either cause the receptors to re-
main relatively dispersed or produce movement of re-
ceptor-ligand complexes into groups or “clusters”
(Fig. 2). In some cases the clusters migrate into much
larger “patches,” and on some cells the patches even-
tually form “‘caps™ (Fig. 2). Alternatively, the clusters
coalesce into specific regions, where the receptor-li-
gand complexes are in time internalized by endocyto-
sis.121415 Examples of multivalent ligands showing
these properties are antibodies!'*!* and lectins'’-¢
(proteins and glycoproteins that bind to specific
classes of oligosaccharide sequences)."

The binding of antibodies directed against cell-sur-
face immunoglobulin (Ig) receptors on lymphoid cells
results in anti-Ig-induced capping followed by endo-
cytosis or “shedding” of the Ig-receptor-antibody
complexes.’»'*!* Capping of surface-Ig receptors can
be inhibited or even reversed by drugs that act on the
membrane-associated cytoskeletal system such as cy-
tochalasin B, a fungal metabolite that disrupts micro-
filaments. Similarly, inhibition of cellular metabolic

'DISPERSED'

l"' LIGAND -

REMAINS
'DISPERSED’

+POLYVALENT
LIGAND

‘machinery also blocks cap formation.!:'* These re-

sults suggest that microfilaments play an active part
in ligand-induced capping and are responsible for
translocation of the receptor-ligand clusters and
patches into caps. The binding of lectins such as con-
canavalin A (Con A), which recognizes «-b-manno-
syl-like residues in oligosaccharides, to the surface of
lymphocytes inhibits subsequent capping of surface-
Ig by anti-Ig.”? The inhibition of anti-Ig-induced cap-
ping by Con A, however, can be overcome by drugs
such as colchicine or vinblastine that impair micro-
tubule function. Neverthdless, if Con A is bound to
lymphocytes at low temperature (0 to 5°C), it can in.
duce capping of its own receptors.”* The interpreta-
tion of these apparently contradictory results is that
both Con A receptors and surface-Ig receptors are
linked through a microtubule system that “anchors”
these receptors. In the presence of microtubule-dis-
rupting drugs or under conditions promoting micro-
tubule depolymerization (such as low temperature),
the anchorage is broken, and anti-Ig, as well as Con
A, induces cap formation.”* Not all lymphoid ceils

can be easily capped with Con A, but in some of these

cases, addition of colchicine dramatically facilitates

capping.?

CAP

'‘PATCHES'

COALESCENCE
OF
‘CLUSTERS'

Figure 2. Alternate Pathways of Ligand-induced Receptor Redistribution on Fibrobiastic Cells (Reproduced from Nicolson’
with the Permission of the Pubiisher).
After ligand binding, initially dispersed receptors can remain dispersed or undergo tigand-induced clustering. The clustered
receptor-ligand complexes can coalesce before endocytosis, or they can form “patches” and eventually “caps”.
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Non-random movements of cell-surface receptors
into specific membrane regions under the influence of
the cytoskeletal system has also been documented
during phagocytosis in polymorphonuclear leuko-
cytes.? Phagocytosis of large particles such as polyvi-
nyltoluene spheres by these cells results in concomit-
ant loss of lectin receptors from the cell surface. Since
the receptors are present initially in a random distri-
bution, the loss of surface lectin receptors should par-
allel the loss in cell-surface area after phagocytosis.
Normally, this action does not occur, and a larger
number of lectin receptors are removed than expect-
ed from the relative differences in surface areas. How-
ever, if colchicine is present during phagocytosis, se-
lective loss of lectin receptors from the cell surface is
prevented.?:

Further insight into the role of membrane-associat-
ed cytoskeletal elements in controlling the distribu-
tion and mobility of a number of integral plasma
membrane proteins has come from recent studies us-
ing tertiary amine local anesthetics. Until recently,
these drugs were believed to interact exclusively with
membrane lipids, but evidence obtained within the
past two years in several laboratories has shown that
they also affect intracellular microtubules and micro-
filaments.'""

Tertiary amine anesthetics of the cocaine series (di-
bucaine, tetracaine, procaine, etc.) dramatically en-
hance lectin agglutinability and lectin-induced recep-
tor redistribution on fibroblastic cells, but inhibit
lectin and antibody-induced capping on lymphoid
cells.":! Local anesthetics are known to partition in-
to the fluid lipid bilayer, where they associate with
acidic phospholipids. At high concentrations local an-
esthetics are known to enhance the fluidity of mem-
brane lipids.!” However, at the concentrations active
in producing a variety of effects on the dynamics of
cell-surface receptors,!’!* local anesthetics have little
effect on cell-membrane fluidity.!” The site of action of
local anesthetics in modifying the dynamics and
trans-membrane control of surface receptors is now
thought to be on the membrane-associated cytoskele-
tal system for the following reasons: agglutination of
untransformed mouse fibroblastic cells by lectins does
not occur at low lectin concentrations where a rela-
tively low rate of lectin-induced redistribution oc-
curs,'® unless the cells are first treated with local an-
esthetics, which enhance lectin-induced agglutinabil-
ity and receptor redistribution'™!%; local anesthet-
ics reverse the inhibition of Con-A-induced aggluti-
nation of transformed mouse fibroblastic cells by col-
chicine and vinblastine'’; lymphoid cell capping is
prevented by local anesthetics!’!%2°; and local anes-
thetics reverse the assemblage of performed caps on
lymphocytes.!* The fact that the above properties
of local anesthetic-treated cells can be duplicated
by treatment with colchicine or vinblastine together
with cytochalasin B (colchicine or cytochalasin B
alone will not suffice) strongly suggests that
colchicine-sensitive microtubules and cytochalasin-B-
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sensitive microfilaments are both involved in mainte-
nance of surface-receptor distribution and dynam-
iCS.l'"‘"

More direct evidence that local anesthetics modify
cytoskeletal elements or their plasma membrane at-
tachment points has been obtained with electron mi-

{a) (b)

1 untreated

2 cokhicine

3 cytocholasin B

diquaim_
4 colchicine plus
cytocholasin B

Figure 3. Schematic Representation of the Effect of Colchi-

cine, Cytochalasin B and Dlbucaine Hydrochloride on the

Distribution of Concanavalin A Receptors on Untransformed

Mouse 373 Fibroblastic Cells (Reproduced from Poste et Al.17
with the Permission of the Publisher).

(a) denotes a sagment of plasma membrane showing Intrinsic
membrane proteins carrying cancanavalin A receptors em-
bedded within a lipid bilayer and linked on the inner mem-
brane face to microtubules { =) and microfilaments ( ~ ).
(b) is a representation of the planar view of the distribution of
concanavaiin A receplors over the upper surface of the en-
tire cell. In 1, untreated 3T3 cells, (a) represents the integral
proteins linked to both microtubules and microfilaments,
and (b) concanavalin A receptors remalining randomly dis-
persed after binding of concanavalin A to the cell surface. In
(2) 873 cells treated with colchicine, (a) shows that disrup-
tion of microtubules by colchicine allows concanavalin-A-in-
duced aggregation of integral proteins that are still linked to
an intact microfitfament system, resulting in redistribution of -
concanavalin A receptors into a single large “cap” as shown
in (b). In (3), 3T3 calls treated with cytochalasin B, (a) demon-
strates that despite disruption of microfilaments by cyto-
chalasin B, integral membrane proteins remain “anchored”
by their connection to microtubutes, ahd binding of con-
canavalin A to the cell surface does not induce redistribu-
tion of concanavalin A receptors, which remain random-
ly dispersed as shown In (b). In (4), 3T3 cells after treatment
with dibucaine or combined treatment with colchicine
and cytochalasin B, (a) indicates that disruption of the link-
age of integral membrane proteins to both microtubules
and microfilaments allows concanavalin-A-mediated redis-
tribution of concanavalin A receptors to form muiltiple
‘clusters' and ‘patches’ distributed over the entire cell as
shown in (b).
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ACTIN FILAMENTS

MYOSIN MOLECULES
MICROTUBULES

Figure 4. Hypothetical Interactions between Membrane-Associated Microtubule and Microfilamant Systems Involved in Trans-
membrane Control over Cell-Surface-Receptor Mobility and Distribution (Reproduced from Nicolson' with the Permission of
the Publisher).

This schematic model envisages opposite roles for microfilaments (contractile) and microtubules (skeletal) and suggests that
they are linked to one another or to the same plasma membrane inner surface components at specific "nucleation’ points, in
addition, peripheral membrane components at the inner and outer membrane surface may extend this control over specific
membrane domains (not to scale).

croscopy. Concentrations of dibucaine, tetracaine or
procaine that modify surface-receptor dynamics re-
sult in cell rounding and disappearance of cell-mem-
brane-associated microfilaments and microtubules.?
The mechanism of local anesthetic action in disrupt-
ing cytoskeletal systems is unclear, but they could in-
crease intracellular Ca?* concentrations to levels suf-
ficient to depolymerize microtubules by displacing
membrane Ca?*, The effects of local anesthetics on
microfilament integrity are even less certain, but these
drugs might affect Ca?*-sensitive components such as
actomyosin complexes, adenylcyclase or guanylcy-
clase, Ca**-requiring ATP-ases, or many other Ca?*-
dependent processes.*3!

The various effects of the different classes or com-
binations of drugs discussed above point to a system of
trans-membrane control of receptor mobility in which

receptors are linked to both microfilaments and mi-
crotubules and suggest that these two classes of cyto-
skeletal elements have opposing roles in controlling
receptor mobility.'® Specifically, the microtubule sys-
tem is envisaged as acting as a system of anchoring
elements that restrain or limit the mobility of certain
receptors. In contrast, the microfilaments are be-
lieved to act as a contractile system to redistribute
clusters of receptors unless they are restrained by the
anchoring microtubules.

If, as suggested, certain surface receptors are trans-
membrane linked to both cytoskeletal systems (Fig.
3.7), that action would cffer a reasonable explanation
for the following observations: disruption of microtu-
bules by colchicine or vinblastine allows microfila-
ment contraction and functional dislocation of sur-
face receptors from anchoring components formerly
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stabilized by microtubules — in this case membrane-
associated microfilaments would redistribute the “‘un-
anchored™ receptor-ligand clusters into caps (Fig.
3.2); and disruption of microfilaments by cytochala-
sin B allows ligand-induced clustering unless the re-
ceptors remain trans-membrane linked to a microtu-
bule anchoring system — in this case the anchoring
structurc would be expected 1o prevent any redistri-
bution of receptors and would remain randomly dis-
persed (Fig. 3.3). Destruction of both the microfila-
ment and microtubule systems with either local anes-
thetics or a combination of colchicine and cyrochala-
sin B will result in the formation of random multiple
clusters (Fig. 3.4).

The synthesis of various results and theories on
trans-membrane control mechanisms'-*7-V"-** has been
incorporated into a unilying model that is consistent
with the results discussed here and elsewhere in de-
tail.""* Specifically, microtubule and microfilament
assemblages are proposed to be interconnected and
coupled to similar trans-membrane anchorage points.
These anchorage points could serve as regulatory cen-
ters for the organization of specific membrane do-

mains. The contractile movements of the microfila- -

ment system would be opposed by an anchorage sys-
tem made up of microtubules (Fig. 4),' and thus offer
a system whereby the cell surface and its receptors
would be under fine control by opposing membrane-
associated cytoskeletal elements.!'*

Cell-surface modifications occurring after neoplas-
tic transformation are discussed in Part 2 of this se-
ries.
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MEDICAL PROGRESS

THE CANCER CELL: DYNAMIC ASPECTS AND MODIFICATIONS IN CELL-SURFACE
ORGANIZATION

(Second of Two Parts)

GartH L. Nicovson, Pu.D., aNpD Georce Poste, M.D., Pu.D.

CELL-SURFACE MobiricaTIONs oN CANCER CELLS

The central importance of the cell surface in deter-
mining many features of tumor-cell behavior has
served to stimulate a massive research effort to iden-
tify differences in the surface properties of normal cells
and their neoplastic counterparts. This effort has been
successful to the extent that an enormous catalogue of
differences between normal and tumor-cell popula-
tions has been accumulated (Fig. 5).22:3 We now have
little insight, however, into the mechanisms by which
these manifold changes in surface properties arise in
tumor cells and how these changes are maintained. Of
more immediate importance is the fact that we are
still largely ignorant of how individual cell-surface
alterations contribute to complex-multi-component
phenotypic alterations such as tumorigenicity, inva-
siveness and metastasis, >4

In experimental studies on cancer most investiga-
tors have chosen to use cloned, untransformed tissue-
culture cell lines, which can be transformed by onco-
genic viruses, chemical carcinogens, or radiation to
form stable cultured cell lines that can be assayed in
vivo for their tumorigenicity. An alternative method
has been to remove tumors and surrounding normal
tissues surgically for simultaneous study or to collect
leukemic cells for comparison to normal lymphoid cell
populations. These “‘in vivo™ approaches are compli-
cated by the fact that most tumor cells arise from un-
known precursors, making comparisons with other
cells difficult.?*?* Because of these problems and the
limited availability of uniform cell populations, the
main tools of the cancer-cell biologist have thus been
model systems employing untransformed/trans-
formed tissue-culture cell lines, frequently of rodent or
avian origin,

It should be stressed, however, that many features
of cellular organization are greatly affected by cultiva-
tion of cells in vitro. Awareness of the phenotypic
changes that can be imposed on cell populations by
cultivation in vitro is therefore of paramount impor-
tance if such technics are to provide a meaningful ex-
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perimental approach to the stydy of transformation
and neoplasia.”

Alterations in Surface. Composition

There arc a variety of molecules present at the sur-
face of cells, such as glycoproteins, glycolipids, glyco-
saminoglycaris and acid mucopolysaccharides. The
latter compounds form the “glycocalix” or extracel-
lular saccharide-containing zone. Few changes in gly-
cocalix components seem to be of general importance
in neoplasia,?® but research in this area has not been
as active as the study of changes in glycolipids and
their association with neoplasia.

Modifications of glycolipid structure and content
after transformation have been fully reviewed by Hak-
omori* and Brady and Fishman.?” Two of the rela-
tively general changes in glycolipid structure have
been decreases in the more complex glycolipids and
deletion of glycolipid terminal saccharide residues. A
loss in ability of glycolipid synthesis to respond to cell
contact, as well as an increase in accessibility of gly-
colipids to antibodies, lectins and enzymes, is also as-
sociated with neoplasia.?*:*” One recent observation of
interest is that some spontaneous mouse and hamster
transformed cell lines do not show the generalized gly-
colipid changes such as structural simplification that
are characteristic of the transformed state.

Several studies have concentrated on changes in
surface proteins detectable by lactoperoxidase-cata-
lyzed iodination. With this technic cell-surface pro-
teins are labeled in their tyrosine residues with I
(reviewed elsewhere??33.28)  After labeling, the #I-
proteins are solubilized and separated by electropho-
resis on polyacrylamide gels in the presence of de-
tergent. The most prominent change in surface-pro-
tein exposure is the loss of a high-molecular-weight
(210,000 to 250,000 daltons) glycoprotein after trans-
formation. This glycoprotein has been called a vari-
ety of names (LETS, galactoprotein g, CSP, compo-
nent Z, SF210).%%# Interest in this component sub-
sided somewhat with the finding by Yamada and
Weston?® that it will not restore density-dependent in-
hibition of growth, a characteristic of normal cells in
culture, when added back to transformed cells. How-
ever, the possibility exists that under these condi.
tions, the glycoprotein would not associate with the
plasma membrane in sufficient amounts or would not
be oriented correctly on the cell surface. Alternative-
ly, it could associate with the cell surface, but fail to
establish *“linkage” with cytoplasmic cytoskeletal ele-
ments,

.
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Figure 5. Some Cell-Surface Alterations Found after Neoplastic Transformation {Reproduced from Nicalson23 with the Per-
mission of the Publisher).

Fragments of proteins can be removed from the cell
surface by proteolytic enzyme treatment and subse-
quently characterized in detail. Glycopeptides (aver-
age molecular weight of approximately 4000 daltons)
removed from the surfaces of tumor and cultured
transformed cells show transformation-related differ-
ences in elution profiles when the peptides are chro-
matographed on gel-filtration columns.> Specifically,
the peptides from transformed and tumor cells are of
higher apparent molecular weight, but their elution
can be rendered similar to the normal glycopeptide
elution profile by removal of sialic acid by the enzyme
neuraminidase. The glycopeptides appear to be quite
heterogeneous, and their characterization awaits fur-
ther study. One problem with this approach will be
the identification of the released glycopeptides for
their proper molecular origin on the cell surface.

Alterations in Surface Enzymes

A variety of observations suggest that transforma-
tion results in increased levels of cell degradative en-
zymes such as proteases and glycosidases.?*?** Un-
fortunately, many of these studies were performed
without distinguishing between surface-localized, se-
creted or.total enzyme levels. When pathological tis-
sue samples are examined, little attempt is usually

made to determine leukocyte count or other cell con-
tamination. Hence, these observations are often not
reliable.?® In tissue-culture systems transformation
generally increases the levels of specific glycosidases
and proteases.?»?

Proteases have been implicated in loss of growth
regulation after transformation,?*%! and they are
thought to be a prominent determinant of several of
the surface properties characteristic of the trans-
formed state such as alterations in lectin agglutin-
ability,'¢ mobility of surface components,*** changes
in sugar and phosphate transport, reactivity with an-
tibodies and others.??* When untransformed cells are
treated with proteases, they transiently acquire many
of the properties routinely possessed by transformed
cells.?* Holley* has recently proposed that protease
treatment may mimic hormonal stimulation of growth
by acting on cell-surface hormone receptors. Addi-
tional circumstantial support for the view that pro-
teolytic modification of the cell surface might account
for certain altered surface properties found in tumor
cells has come from a large body of experimental work
showing that the abnormal growth properties dem-
onstrated by transformed cells in vitro and some of
their altered surface properties can be modified by
protease- inhibitors, 3243
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Aiterations in Transport and Cyclic Nucleotides

Transformed cells generally have higher plasma-
membrane transport activities than their untrans-
formed counterparts.?* Transport of several, but not
all, sugars is enhanced by neoplastic transforma-
tion,* and transformed cells show greater rates of up-
take of certain amino acids and amino acid ana-
logues.*** Interestingly enough, many of these trans-
port modifications can be mimicked in untrans.
formed cells by treatment with proteases, glycosi-
dases, serum or hormones.?* Serum addition can re-
lease quiescent untransformed cells from density-de-
pendent inhibition and also stimulate sugar, nucleo-
tide, and phosphate transport.*

Concurrent with some of these transport changes
are rapid increases in a cellular cyclic nucleotide,
cyclic GMP.* The levels of cellular cyclic nucleo-
tides have been proposed to be the determining fac-
tor (or factors) in releasing quiescent normal cells
from growth regulation and permanently main-
taining transformed cells in a state of unrestrained
growth.*¥ Cyclic nucleotides may serve as intracel-
lular messages that alter cytoplasmic enzymes, trans-
port systems and perhaps more directly regulate
DNA synthesis. 3%

Alterations in Receptor Mobility

There are several observations indicating that
trans-membrane control over cell-surface receptors is
altered by transformation. Modifications in lectin ag-
glutinability of tumor cells usually correlate with en-
hanced mobility of surface lectin receptors. These
changes have been monitored with fluorescence or
electron microscopy.'®22-3 The literature abounds
with proposals that this greater receptor mobility in
tumor cells might involve an increase in the “fluidity™
of the membrane lipids. Experimental evidence to
support this view has yet to be obtained.?"** Perhaps
more important are the recent observations made in
several laboratories that the content or organization of
membrane-associated cytoskeletal components such
as microfilaments and microtubules are usually re-
duced in transformed cells compared to their untrans-
formed counterparts (reviewed elsewhere?®). This
finding might explain the loss of receptor capping on
cells from chronic lymphatic leukemia patients and in
other neoplastic disorders.?®

Similarly, antigens on transformed cells are in
many cases more mobile than similar antigens on un-
transformed cells.?** These results may be due to
constant sublethal proteolytic action on tumor cells,
because the addition of proteolytic enzymes to un-
transformed cells also enhances agglutination and re-
ceptor mobility.!¢232 Changes in cell-surface recep-
tor mobility due to alterations in trans-membrane
linkage to cytoskeletal components is also likely, be-
cause local anesthetics or colchicine, in combination
with cytochalasin B, can convert untransformed cell-
surface receptors to a relatively more mobile state re.
sembling the situation in transformed cells. '’

CELL-SURFACE ORGANIZATION IN CANCER — NICOLSON AND POSTE ) 255

Other Alterations at the Cell Surface

A variety of other-cell surface changes seem to be
associated with transformation (Fig., 4).21.3334.30.
Cancer cells are characterized by post-transformation
appearance of tumor-associated antigens.*~* These
antigens can be fetal or embryonic, viral, or antigens
entirely unique to the transformed state, although
many of them are present in normal tissues in low
concentrations. Tumors also release or shed antigens
and other glycoproteins into the surrounding media
(see below). These released corponents can serve as
blocking factors that interfere with host immunologic
responses to neoplasia, or they can elicit weak hu-
moral antibody responses that may in fact stimulate
tumor growth (tumor ‘“‘enhancement”).*

Tumor cells have lowered requirements for many
serum factors essential for cell growth.’ Serum is a
complex mixture of vitamins, proteases, hormones
and other proteins, minerals and nutrients. A lowered
cellular serum requirement for growth and mainte-
nance can allow cell growth under conditions when
normal cells would be quiescent.

CELL-SURFACE CHANGES AND THE BioLocIc
PROPERTIES OF CANCER CELLS

We now have little insight into which of the many
surface alterations of neoplastic cells described in the
preceding section are functionally correlated with the
in vivo capacity of these cells to grow unchecked, to in-
vade and to metastasize and which alterations are on-
ly secondarily related to these complex biologic pro-
cesses. Some of the more important biologic proper-
ties of cancer cells may well depend on the dynamics
of surface receptors and their cytoplasmic control,*??
and the remainder of this article is devoted to a brief
discussion of this possibility.

Escape from Immune Destruction

The fact that cancer cells express novel tumor-
associated antigens¥-#4? should result in their detec-
tion and destruction by the host immune apparatus.
Theoretically, there are several mechanisms by which
tumor cells might overcome the immune surveillance
mechanisms of the host.*** Of obvious relevance to
the present discussion are examples in which anti-
genic determinants are shed from the cell surface or
are “masked” or redistributed in such a way as to re-
duce the ability of the hosts’ immune systems either to
detect or to destroy (or both) the cell.

Antigenic modulation is probably the best known
example in which neoplastic cells develop (or, more
probably, pre-existing cells possessing those charac-
teristics are selected for survival in the face of an im-
mune challenge) “immunoevasive” surface proper-
ties. Antigenic modulation occurs when certain tu-
mor cells are exposed to antibodies against cell-sur-
face antigens; they then rapidly become insensitive to
the cytotoxic cffects of complement,*? which is known
to require the correct display of cell-surface-bound an-
tibody molecules.®® Stackpole et al.** have examined
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the dynamics of surface antigens such as thymus-leu-
kemia (TL) antigens on mouse lymphoma cells and
have found that such antigens that undergo modula-
tion possess relatively rapid lateral mobility in the
membrane and are easily redistributed after antibody
binding to form patches and caps. Some endocytosis
and shedding of TL-anti-TL complexes also occurs
during modulation, but the majority of TL antigens
remain at the cell surface under conditions of modu-
lation. The ease with which TL antigens are re-
distributed might well account for tumor-cell es-
cape from complement-mediated immunologic kill-
ing, because a correct distribution and disposition of
adjacent antibody molecules bound at the cell surface
is necessary to initiate fixation of complement com-
ponents. Capping or patching on the one hand prob-
ably prevents complement binding by aggregating an-
tigens and antibodies into large, immobilized com-
plexes so that steric hindrance or antibody molecular
distortions are deterred. Alternatively, lack of anti-
gen-antibody lateral mobility would inhibit close ap-
proach of surface-bound antibody molecules, again
prohibiting complement attachment. Several means of
tumor-cell escape from complement-mediated im-
mune lysis that could result from dynamic changes in
ligand-receptor redistribution are shown in Figure 6.
Cancer cells probably use other mechanisms (re-
viewed elsewhere®!!4/} as well 10 escape destruction.
Cellular trans-membrane control over the dynamics of
surface antigens, perhaps mediated via the cyto-
skeletal systems described above, may be critically im-
portant to the neoplastic-cell survival, and the altered
display of surface receptors on tumor cells may aid in
their recognition by the immune system or abet their
escape from immune surveillance.

Another important means of tumor-cell escape from
immune destruction is by shedding of antigens or an-
tigen-antibody complexes from the cell surface (Fig.
6). These shed components or complexes make up a
family of so-called *‘blocking factors” that interfere
with host immunity against neoplasia, and their pres-
ence in the host above critical levels can result in ef-
fective neutralization of the cell-mediated arm of im-
munity against tumor cells. !¢

Alterations in Cell Adhesion; Recognition and Growth
Control

Several other biologic properties of tumor cells may
be influenced by the dynamics of surface receptors
and their cytoplasmic control. The property of contact
inhibition of cell movement that is lost after neoplastic
transformation could be an example of a failure in
trans-membrane communication. The locomotion of
cells is controlled by their cytoskelctal assemblages,
and alterations in cytoskeletal organization mediated
through cell-surface trans-membrane receptor link-
ages to these assemblages could provide an important
mechanism for the control of normal cell movement
and maintenance of cell position. In this case neo-
plastic transformation might result in alteration of
the surface receptors or patterns of receptors respon-
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sible for contact inhibition, perturbation of cytoskele-
tal organization or its trans-membrane communi-
cation to surface receptors, or combinations of the
above.

The loss of substrate dependency (anchorage de-
pendence) or necessary attachment of cells to a suit-
able surface to trigger initiation of normal cell prolif-
eration seems to be a reliable in vitro criterion for neo-
plastic transformation and tumorigenicity.‘* The at-
tachment of normal cells via their surface receptors to
a suitable substrate may require redistribution of cell-
surface receptors into nonrhndom arrays or distribu-
tions. Communication of this surface rearrangement
could occur via trans-membrane linkages to cytoskel-
ctal components, and alterations in this communica-
tion after transformation might be involved in the re-
lease of tumor cells from substrate-dependent growth
properties.

The stimulation of cell growth by serum factors, the
most important being serum hormones,’? provides yet
another possible example whereby meodification in the
dynamics of cell-surface receptors may be implicated
in the initiation of trans-membrane signals controlling
essential biologic processes. As with the proposal of
Cuatrecasas,'® hormone binding to its surface recep-
tors may not result in direct activation of intracellular
enzymes such as nucleotide cyclases; further interac-
tions between other surface receptors and inner-mem-
brane surface components may be necessary for a cel-
lular hormonal response. In this scheme the dynam-
ics of surface receptors on tumor cells and the ease
with which they can be redistributed into larger lig-
and-receptor complexes may allow neoplastic cells to
be triggered to proliferate by levels of hormones and
other mitogens that would fail to stimulate growth of
normal cells.

Finally, the existence of specific topographic *“pat-
terns” of surface macromolecules on different cell
types or on cells at different growth or developmental
stages could serve as a potential mechanism for cell-
to-cell recognition and adhesion.'-*-’ Disruption or
alteration of the normal topographic displays of sur-
face components on tumor cells might render them
increasingly unresponsive or refractory to the normal
cellular “signals” responsible for maintaining cell po-
sitioning within tissue. The progressive loss or com-
plete absence of such positional controls in tumor cells
would enable them to invade surrounding tissues and
facilitate the establishment of metastatic foci. Altera-
tions in cell recognition and adhesion appear to have
important roles in the arrest of circulating cancer celis
at specific secondary sites.***

How Are Celi-Surface Topography and Trans-membrane
Control Modified in Tumor Cells?

In pursuing the theme that changes in the mobility .

and distribution of plasma membrane components
make a major contribution to the malignant pheno-
type,>* we have still to identify the basic mechanism
(or mechanisms) underlying the aberrant surface dy-
namics expressed by tumor cells. One possibility that
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has attracted considerable attention recently con-
cerns the question of modification of the tumor cell
surface by proteolytic enzymes. In the type of mem-
brane organization described in the first part of this
article, protease-induced alteration or loss of compo-
nents on the outer face of the plasma membrane could
well produce conformational changes in the integral
membrane proteins or glycoproteins carrying the pro-
tease-susceptible moieties, and such changes, in turn,
could alter their trans-membrane “linkage” with cy-
toskeletal elements on the inner side of the mem-
brane. Dislocation of integral membrane proteins and
glycoproteins from cytoskeletal trans-membrane con-
trol elements would be expected to result in altered
mobility and redistribution of these components. The
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fact that increased receptor mobility and several of the
altered surface properties displayed by tumor cells
can be detected in normal cells after exposure to pro-
teases for just a few minutes,?-#3- strongly suggests
that expression of these particular surface modifica-
tions in tumor cells need not involve acquisition of
novel cell-surface determinants and may merely re-
sult from topographic rearrangement of already ex-
isting normal cell-surface components? or loss of
trans-membrane control over induced rearrange-
ments. The disruption of pre-esisting linkages or top-
ographic relations of components on the cell surface
by proteases could occur as a reversible phenomenon,
whose duration would be restricted by the period of
active proteolysis on the cell surface. Such a mecha-
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Figure 6. Some Possible Mechanisms for Tumor-Cell Escape from immune Surveillance That Depend on Cell-Surface-Antigen
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nism might explain the expression of “transformed”
cell properties on normal cells during mitosis, and the
continued expression of some “‘mitotic” surface prop-
ertics in tumor cells during interphase®® could be in-
terpreted as indicating that proteolysis is occurring
continuously. In either situation, proteolysis could
modify cell-surface control mechanisms, leading to a
pleiotropic stimulus that initiates a wide range of cell-
surface and metabolic alterations.

Additional information is clearly required to an-
swer sevcral important questions. If proteolysis of the
cell periphery is responsible for some aspects of the
common surface characteristics and dynamics dis-
played both by tumor cells and by normal cells (dur-
ing mitosis), we might profitably investigate the cellu-
lar mechanisms involved in regulating the release of
proteases, particularly in normal cells. It also remains
to be shown precisely how proteolysis of components
on the external face of the plasma membrane might
alter the trans-membrane linkage of membrane com-
ponents to regulatory elements on the inside of the
membrane. Finally, more information is needed on
the range of surface alterations that can result from
dislocation of linkages between integral membrane
components and membrane-associated cytoskeletal
elements. ] )

In this brief outline we have attempted to summa-
rize some of the current research on the dynamics of
cell-surface organization and indicate how perturba-
tion of the control mechanisms responsible for regu-
lating the mobility and distribution of surface compo-
nents might be of consequence in determining some of
the properties of tumor cells. One potentially impor-
tant implication that emerges from this work is that
expression of certain surface alterations need not in-
volve acquisition of uniquely “tumor-specific” surface
components but could equally well arise simply from
topographic rearrangement of existing surface com-
ponents also present on normal cells. Also implicit in
this proposal is the concept that the topographic “pat-
terns” of cell-surface molecules found on different
cells could act as a *‘code’ by which normal cells rec-
ognize each other and regulate their growth and so-
cial behavior and that alterations in such topographic
patterns, if sustained, could result in the spectrum of
aberrant behavioral characteristics displayed by can-
cer cells. Although a high degree of speculation must
currently surround the interpretation of informa-
tion on this subject, sufficient experimental data are
already available to support a functional relation
between the topography and dynamics of surface
macromolecules and the control of cell-surface prop-
erties. It is therefore anticipated that future research
on the mechanisms regulating the dynamics of cell-
surface organization will yield important insights in-
to how the cell surface influences the growth and so-
cial behavior of cells, and it is expected this informa-
tion will be of relevance to both morphogenesis and
cancer.
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