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ABSTRACT

Experiments are underway as to thg cbcgrcinogenic effects of asbestos
and carcinogenic hydrocafbbns using rats and mice as test objects. None
of the protoéols of thése experiments have as yet been cqmpleted;

The study of tumorigenesis in irrédiated parabiont rats has been coﬁ—
pleted. Study of the benign tumors indicates that radiation is an effective
neoplastic stimulus for only a limited numnber of érgans and tissues, chiefly
ovary, adrenal, mammary tissue, . islands of Langerhans and liver; In general

‘the>benign tumors did not seriously affect healph, and in only a very
few animals did they become malignant. Tﬁe incidénce of malignant tumors
in the parablont series has been tabulated and analyzed

Parablosis alone appears to increase the inc1dence of leukemia and
s0lid lymphoid tumors in NEDH rats.

Our study of radiation tumorigenesis iﬁ the adrenal cortex in the
mouse has been completed. The cortex is highly resistant ﬁo tumor induc-
tion by irradiation. Cortical tumorigenesis is stroﬁgly influenced by
changes in pituitary and ovarian hormones. Proliferationiof capsulér "A"
cells appears an important early factor in carcinogenesis.

Hormonal imbalance continues to be an important féctor in fumdri—
gene51s in the parablont pairs. If each of a pair of'parabiont rats is

* irradiated sequentially at intervals, 30 days after a lethal dose of radi~
ation is enough to permit the irradiated rat to support its partner
through a like dose as effectively as would an unirradiated animal.

The transplantable radiationFinduced functioning pheochromocytoma

and insulinoma of rats contique to be valuable research tools.
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STATEMENT OF TIME OR EFFORT OF THE PRINCIPAL INVESTIGATOR

During the current year of the pfoject, the Principal investigator;
Shields Warren, M. D., Member at the Cancer Research Institute,‘has
spent 20 percent of his time devoted to the research under this contract,
but due to the restriction of funds caused by inflétion has charged only

10 percent to the contract.



INTRODUCTION

Our work in Experimental‘Pathdldgy has continued té have the advan-
tages of excellent facilities provided through Df. William V. McDermott, Jf.;
Directof éf the Cancer Research Institute, and the willingness of our
investigators to volunteer appreciably more time andleffort than pfovided_
for in the contracﬁ.

An unusual emergency which miéht ﬁell have beenldisastrous was the
érippling February snowstorm in this area. Had it not been for the deter-
mined_willingness of those able to reach the hospital to do whatever type -
-.of work had to be dbne,.patients would have suffered, énd heafy losses
might have occurred in our animal colony. Ve are most grateful to all
whq were physically able to be present. In addition to the meeting of _
this emergency, volunteer efforts were contributed by a qﬁmbér on the
staff, particularly Drs. Olive Gates-énd Clark E. Broﬁn. |

Rapidly rising costs against a fixed budget‘have forced us to cut
down the number of experimental animals carried at any given'timevaﬁd
otherwise protréct the work schedules.

Work under Grant 5 ROl CA 12944 from the National Cancer Inétitute.A'
on radiation leukemogenesis in rodents was completed on Januéry 31, 1978"
and résulted in five publicationms.

Assistance from the Biomedical Research Support Grant of the Nétional
Cancer Institute to the New'England Deaconess'Hpspital enabled us to
‘ pursue more effectively two pilot research projects undérfaken under the
direction of Dr. Brown and with the cooperation of Professof Kenneth Ryaﬁ,

Director of the Laboratory'of Human Reproduction and Reproductive Biology,'
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Harvard Medical School. One is éoncerned with the development of an ani-
mal model for the production of cancér of the pfostate, hormonally induced
in parabiont rats, the ofher with a model of interstitial tumor of the
testis. In addition, special provision was made for prompt preparatioﬂ

of a number of histologic slides from our series of parabiont rats, essen-—
tial to the timely completion of this experiment.

A friend of the-hospital has aided our work with an emergency gran@
to meet in part unforeseen laboratory costs that have escalated with
.inflation.

Staff menbers participated in and gave papers at fhe meetings of the :
American Academy of Forensic éciences; American Association for Cancer
Research,‘American Industrial Hygiene Associatidn; New England Society of
Pathologists and the Radiation Research Society.

In addition Dr. Warren accepted fhe Chairmanship of the gé_ggg_
Committee on Radiocactivity in Drinking Water of the Naﬁional Council on
Radiation Protection and Measurements.

Dr. Warren continued his york with the Historical Advisory Committee .
of the Department of Energy, particularly stressing the early years of thev
Division of Blology and Medicine of the Atomic‘Energy Commission.

The New England Society of Pathologists esiablished through the
Shields Warren Club an Annual Lectureship in Dr. Warren's honor. The new
Pharmaceutical Researéh and Development Laboratories of Mallinckfodt, Inc.,
St. louis, where Dr. Warren is a Consultanf and Director, were named for |
him. Dr. Warren sérved as the Michelson Visiting Professor at the

University of Tennessee School of Medicine at Membhis.'

Radiation safety has been maintained with the aid of the Barvard

University Environmental Health and Safety Services. In addition,
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Mr. Russell F.‘Cowing has served as a Consultant in radiation safety and
- in the planning and dosimetry of radiation experiments.

This year the compendium Forensic Medicine: Q_Study in Trauma and

Environmental Hazards was published and contains a chapter on "Effects of

" Occupational and Environmental Exposures to Ionizing Radiation," a further
step in our efforts to inform medical examiners and otheré concerned with
industrial hazards of radiation and to counter undue fears of occupationél

and environmental exposure to radiation.



MAIN RESEARCH ACCOMPLISHMENTS

1) Asbestos and Cocarcinogenesis

Because of the ubiquity of asbestos fibers in the modern industrial
environment and the known caréinogenic éffeéts of asbestos in human
tissues, we had undertaken a study of the effects in rats and mice;‘
Secretary Célifano has Jjust called addeé attentioﬁ to the major imﬁortance
of aébestos as an industrial and environmental hazard."The great utility
of asbestos as a fireproéf insulator together with its essentially inde-
‘structible physical character have brougﬁt about its wide dissemiﬁation
in the environmént.' Asbestos fibers in small amount are often found in
the lungs of urban dwellers. Inhalation appears to be the‘most’effective
means of access to the body tissues in man, and the effects of inspired
asbestos have been extensively studied. »

We have made our initial experiments with two types of chrysotile
asbestos fiber—-—one Canadian, the o£her Rhodésian.: Chrysotile is the most
commdnly used form of asbestos, largely because of availability and the
positive charge on fhe surface of the fibers which faciiitates their
bindiﬁg with a wide &ariety of materials. We are using GradelY fibers
from the standard UICC samples supplied through‘the kindness of the Medical
" Research Council, Pneumonoconiosis Unit, Penafth, Wales. o

Miller et al. (1) have demonstrated high rates>of carcinogenicity for
asbestos combined with benzopyrene in the respirétéry tréct of animals.
Because we have had past experienée in the use of methylcholanthrené, we-
had decided to use this substance‘as a cocarcinogen wiﬁh asbéstos. In a

limited number of the animals we have used localized x—radiation of ﬁhe
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lungland pleura as an added potential cocarcinogén exposing é limitedl
field of the lung to radiation‘after intratracheal or intrapleural
injection of the fibers. Because of the known'danger of synergism in
exposure to multiple carcinogenic agents, ﬁe are attempting to Aefine
the effeéfs of asbestos and glass wocl fibersAcommonly used in insulatién
" when combined with those of radiation and selected known chemical carcino-
gens. The organs and tissues being exposed are the lungs, pleura,
peritoneum and digestive tract. |

We had hoped to carry out a series of experiments using glass_wool,,-
obfained from COmmercial sources, in place of asbestés because of somewhat
similar physical properties of the two substances and because of the wide-
spread use of glass wocl as a substitute for asbestos. The eﬁpefiments
with glass wool have not yet been begun so as to keep cost of animél'care
;within the budget. | |

Over 200 B6AF1/J mice and over 100 NEDH rats have been injected intra-
tracheally, intrapleurally or intraperitoneally with asbestos fiber and
methylcholanthrene in sésame 0il, each a potent carcinogen, to determiﬁe
whether or not there is a cocarcinogénic.effect and té study the cellular
reactions to asbestos. ©Some of the animals have died as a result of
induced cancers. The oldest animals of this series are now 765 days of
age. A number are still surviving over 500 days after treatment with the
combination of asbestos and methylcholanthrene.

The respiratory route of access of asbestos to the human body is by
far the most important. However, asbestos in water and adhering to food-
stuffs may provide risk to the gastrointeétinal tract as suggested by

Selikoff (2). We fed one series of mice a diet in which over 2 mgm of
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asbestos fiber were ingested daily for over eight weeks, and the mice
have been subsequently followed. Twenty-eight of the 40 so treated are
alive and in good health. No gastrointestinal tumors have been found in

those that have died thus far.

2)  Parabiont Irradiated Rats: Aspects of Carcinogenesis

Very little attention has been paid to ionizing radiation as a cause
of benign tumors. Our series of parabiont rats has provided extensive -
information on this point and has cleariy established that in’the dosage .
used, 1000 R of 250 kVp x-rays, radiation does not induée benign tumors
in mést tissﬁes. In a iimifed number of organs, high incidence rates of
benign tumors were found: ovary 49.7%, adrenal medulla 23.9% in males,
15.2% in females, mammary tissue 19.6% in females, islands of Langerhans
15.3% in males, and liver 7.4% in males, 13.8% in females. In addition
to direct effects of radiétion, hormonal imbalance induced by eithér
’parabiosis or radiation appear to be important. Benign mammary tﬁmofs
appeared.earlier in the hemi-irradiated pairs than in.the unirradiated -
control pairs by about 200 days.

In géneral the benign tumors did not seriously affect health. Ih_'
only a very few animals did the benign tﬁmors become malignént.~

A tumor-like lesion, a polyp of:the éndometrium, occurred in 30.2%
of the irradiated partners, but this lesion was probably more rélatéd to
hormonal than to direct ra&iation changes.‘

In a small series of parabiont rats each partner was given sequentially
a dose of 1000 R after‘varying time intervals between the trgatments. ‘With

an interval of 30 days between sequential radiations of the two partners
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the same degree of protection was affordedAto the most recently irradiétéd
partner by its previously-irradiated partner as was afforded by an unirradif
ated partner indicating thét éomplete recovery of its protective powvers
‘had occurred in 30 dayé. At 10-day and even at 5—&&y intervals partial
protection was afforded. |

Data as to the incidence of tumors in a series of parabioﬁt rats
sﬁrgically separated soon after irradiation are now being analyzéd.

" The incidence of malignant tumors in the parabiont series has been

tabulated and analyzed and is now béing ppepared for fubiication.

Furthervanalysis of the incidence of leukemia and solid lymphoid
tumors in parébiont and hemi-irradiated pairé of fats indicétes that in
this species parabiosis in itself increases the'incidence'of these diseases.
In sharp contfast to the effect of radiation in single mice; radiation
tends to have an inhibitory effect on the devglopment of these diseaseé
in the rat. |

In our sﬁudy of parabiént pairs of rats, we fouﬁd that some of the‘
neoplastic diseases, particularly leukemia, were shared between the two
partners. In order to determine better Qhen.such tumors aroée.and wheﬁher
they arose in the irradiated or the shielded partner; the paftners wéfe.-
Surgically separated from one‘another, one series of 30 males and 29 females
60 days after the radiation of one pértner; another series of 3L malés and
30 females 156Adays after irradiation of a partner. In those pairs sepa-
rated 60.days after radiation, both partners of one former péir developed
leukemia, suggesting that the diséase ﬁaé already present at fhe time of

separation. Leukemia also occurred unilaterally in two formér partnefs,
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one irradiated, one shielded. In the partners separated at 150 days,
each member of two former pairs died of leukemia.. One partner only of

' former pairs became leukemic in seven instances.

3) Hormonal Aspects of Carcinogenesis

Our study of radiation tumorigenesis in the adrenal cortex of the
mouse has been cémﬁleted, and the results have been'ahalyzed and are noﬁ
being prepared for publication. Proliferation of capsular "A" cells and
their‘progression to "B" cells precedes the development of tumors. Cor-
ﬁical tumor development is strongly influenced by pituitary and ovarian
“hormones. |

Our collaborative studies of hormonal carcinogenesis in mammary -
tissues undertaken with the help of Dr. Kgnneth Ryan, Director of the
Laboratory bf Human Reproduction and Reproductive Biology, .Harvard Mediéal
School, have been ccntiﬁued. The radioimmune assay fechnique for défermi-
nation of the sex hormone levels in the parabiont rats has been useful in
our studies of mammary cancer; In additién, studies of sex hormone levels
in male parabiont rats have been uﬁdertaken, particularly as related to

prostatic cancer and interstitial cell tumors of the testis.

k)  Leukemogenesis

| For the first third of the year the bulk of our‘ﬁork in leukemogenesis
vas supported by the National Cancer Institute. Radiation tends to inhibit
rather than favor the occurrence of leukemia and solid lymphoid tumors in
rats. The rat, thqrefore, reacts very differently than the mouse when .
used as a test object. The thymus, so ‘often and intimately involved with

leukemia in the mouse, is much less often involved in the rat.
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5) Transplantable Tumors

The transplantable and actively functioning radiation—-induced endo-
erine tumors in rats, particularly a pheochromocytoma and an insulinoma,
have continued to be useful to a number of ipvestigators. Transpléﬂts.of
these tumors and breeding stock of NEDH fats have been supplied dﬁring
 this past year to investigators in Israel and Wést Germany as well~§s to
several‘in the United States. ThroughAtheir use much biochemicaivinformation‘
has been gained as to factors influencinglsecretion of the hormones .

' invplved. These tumors are being tranéplanted and further inveétigatea
in NEDH rats as well as maintained in feserve in thé Inétitute'S'froién
 tissue bank. Thé Division has.also gollaborated ﬁith_Dfs. Greengard and
Hefzfeld of the Institute's-Growth Laboratory, supplying transplantable

tumors for enzyme studies.
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