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ABSTRACT

Asbestos fibvers, Canadian and Rhodesian chrysctile, have induced
mesotheliomas and pleéural plaques in mice and rats. Most lesions occur

in animals dying over 500 days after treatment. The pathogenesis of the

48]

lesions i;.being studiea. . This éxperiment‘ig as yet incomplete.

Proliferation of the adfenai cortical fA” cells is.acceleratea in
time and enhanced in extent by ionizing radiétion in female RAP mice.
The development of cortical tumors was significantly correlated with
extensive "A" cell proliferation. Whole-body pfotracted doses, above
'SOOIrads, were folloved by a 9% tumor incidence (noné in controls).
Endocrine neoﬁlasia in mice appears related to fuﬁctional ties betveen
several endocrines particuiarly adrenal, ovary and pitgitarV.

A study of the spontaneous benign and malignaﬁt fumorS‘bccurring in
control NEDH rats has provided background for the tumcrigenic effects of
radiation.gnd also of altered hormeonal internal milieu.

Ve have produced benign tumors by'radiatién in & wide variety of

tissues for the first time, providing data as to the relative responsive-

- .

ness in benign tumor production of various tissues to the dose of 1000 rads
used., The hqrmonal changes.secondafy-tq paraﬁioéis and hemi—irradiation:
of thelpair are important.

A radiation-induced f&nctioning pheoéhromocytoma causing ﬁypertension
and death has been found widel? useful by investigators. A radiation-
induced malignant insulinoma haé also been widely used,.and insulin-

producing DHA from it has served in the hands of others through genetic

engineering to provide an insulin-producing strain of the bacillus E. coli.
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This report was prepared as an accouﬁﬁ of work s?onsofed by the
United States Government. Heither the United States nor the United
States Department of Energy, nor any of their eﬁployees, ﬁdr'any_of
their coniractors; subconﬁractofs; or their ewmployees, makes any
warranty, express or implied, or'assumeé any legal liabilit& or
responsibiiity for the accuracy, completeness, 6r usefulness of any
information, apparatus, product or prdcesé disclosed or représents

that its use would not infringe privately owned rights.
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STATEMENT OF TINVE OR EFFORT OF THE PRINCIPAL INVZSTIGATOR

During the current year of the projéct, the Principal Investigator,
Shiélds varren, M. D., Member at the Cincer Research Institute, has -
spent 20 percent of his time devoted to the research undef this cdﬁtract,
but due to budgefary constraiats has charged only 10 pefcent to the

~contract.



INTRODUCTION

During this year wve have been initiating experiments in carcinogenesis
vith ionizing radiation and asﬁestos fivers as physical agents and hafe
made some use of methylcholanthrene, highly potent chemically, to corre-
late to & degree the‘relatiﬁe effeciiveness of physical aﬁd chemical
carcinogens. | |

The studies of neoﬁlasms induced by 1000 R of total—bod& radiation
to one of a pair of NEDY parabiont rats has been brought virtually to a
conclusion. The wealth of data provided by these studies is still being
analyzed and is continuing to provide information as to the relati&e
radioresponsiveness of various tissues; In addition, new data are provided
as to the late effects of a heavy dose (1000 R) of radiation, obtained
from rodents oniy thfough the long survival times permitted by parabiosis.
In the event of accidental_human expdsure to heavy doses of radiation;
the research of 6theré has suggesﬁed means for survival of the acute radi-
ation syndrome induced by doses in this range. Thé data from our past
experiments on radiation of parabiont rats provide an indiéation of the
late effects that might be anticipated. The most important of these is
tumorigenesis.,

Our systematic study of radiation tumorigenesis in parabiont rats has
provided for the first time clear evidence that a nuwber of benign tumors
as vell as malignant can be caused by radiation. The qﬁantitative data
thus provided for a wide variety of tissues permit determining the
relative responses by tumorigenesis in organs and tissues to radiation as
manifested in the incidences of benign and malignant tumors 'és compared

with those lesions occurring spontaneously.



6.

We are still reviewing and analyzing the data obtained from our long

series of hemi-irradiatad parabiont rats. We are findinz additional use-

I

ful data as tc the. relative radioresponsiveness of various tissues. Also,

this technlque has providsd about the only means of providing information

as to late effects, par calarly carcinogenic, in the rat. These data
provide additional evidence as to the carcinogenic effects to be éntici—
pated among survivors of heavy dose; of radiation.

While there is recently increased emphasis on the need for dose-
résponse effects from low levels of radiation, such experimeﬁts héve to
be very large scale to yield statisticaliy-significant results. It is
important to ccntinue to prove the tumorigenic respoase of organs and
tissues to those radiation doses large enough‘to produce measureable
alterations in incidence with numbers of animels small enough to be
economlcall fezsible and yet give clear end results in a reasonable
time frame.

Rapidly rising cost gainst a fixed budget have forced us to cut

(I
U’

down the number of experimental animale carried at any given time and
othervise protract the worx schedules.
A friend of the Hospital has aided our work vith an eme y grant

to meet in part unforeszeen laboratory costs due to inflation. - Additional

~. support has been obtained from a number of sources including the National

Cancer Institute and private donors.
Personnel

As in the past, Dr. %William V. McDermott, Jr., Director of the Cancer
Research Ihétitutevhas been most helpful and provided the Department of

Exp erlmental Pathology with excellent facilities.



Notable were the services of Dr. Olive Gates who has contributedAas

™

a volunteer full-time effort to this research and Dr. Clark E. Brown who
has aided with part-time endeavor to a sighificant degree as aneultant
in Pathology. |

Radiation'safety and protection have been maintained with theAaid A
" of the Harvard University Environmental Heaith and Safety Services.

Mr. Russell F; Cowing, whoAhad long served as Consultant in radiation
safety, died in January,‘l979.‘ |

The New England Deacoﬁess Hospital is one of the teaching hospitals.
of the Harvard Medical School, and the staff of the Cancer Research |
Institute has direct ties with the Departments of Biochemistry, Pathologv,
Surgery and the Laboratory of Human Reproduction and Reproductive BlOlO Y
at the School.

‘Our cooperation with Prof. K. J. Ryan and the Laboratory of Humen
Reproduction end Reproductive Biology is continuing focussed on hormonal -
assay of c,perimenual animals in relation to the deve at of tumors of
“the reproductive tract. This study originated in pilect form with‘Deﬁartment
of Energy support. It is now funded by the National Cancer‘Institute.i

Dr. Werren has served ae a member of.the National Academy of
Sciences--National Research Council Panel on the Extent of Radiation from
the PAVE PAWS Radar System. This report was made available to the public
thiSFSpring. He also served as Chairman of Scientific Commiitee 58 on
Radiocactivity in VWater of the'National Coﬁncil on Radiation Protection.

Dr. Warren participated in and gave a paper at the meeting of the
Association of Clinical Scientists, delivered the Ronald C.. Sniffen

Memorial Lecture at the Memorial Hospital in Vorcester, MA on "The late
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Effects of Radiation at Hiroshima and Nagasaki” and presented a seminar
on "History of Pathology in Medicine" at the Hational Naval Medical Center.

A ﬁilot study under the guidance of Dr. Brown has been completed,
and continuiﬁg research funding has been providéd by’thé National CahcerA
Institute Grant(CA 2L393. Ve acknovledge gratefully support from the
Biomedical Research Support Grant RR 05591 fof aid in meéting thé costs
of animal care and histologic preparations. ’

The recent vérdict in the Silkwood case has again'démonstrated the
importance of familiarizing pathologists and particularly forensic pathol-
ogists with the effects of ionizing radiation on man.: r, varren hés
been long inter=sted in this field and is continuing‘his educational
efforts here in ﬁhe Hospitél of providing a better-balanced'viev'of the
subject as a whole and in providing objective criteria that can be uti-
lized in any given case.

Safety for Personnzl and Environment

In the handling of carcindgenic agents the eppropriate safety guide-
lines recommended by the Nationai.Cancer Institute for carcinogenic sub-
stances are carried out as well as appropriate recommendaticns of ﬁhe
Nuclear Regulaﬁory‘Commission. There has beenunc icsﬁ—time accident
involving perscnnzl of the Experimenﬁal Patholcgy Division during this
period.

Among the availiable specialized facilities that we are using are
those for accurate measurement and safe handling cf & considerable range

of radioactive substances. The Deaconess Hospital

-

as a general license

for the biomesdiczl use of a considerable range of radicactive isotopes.
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The Cancer R nstitute, in addition to its own 250 %Vp x-ray



apparatus for small animals, has other modalities ﬁhrouéh the cooperation
of the Deéartment of Therapeutic.Radiology. A considerable additional
range of devices for measurement of radiafion are-ayailabie th?ough the
Joint Center for‘Radiation Therapy - |

There haes besn no incident of éxcessive'exposure tc radiation or
vuncontrolled escape of radiaticn to the envirdnment.’
Pacilities

The New England Deaconess Hospital has provided for us threes adequately
equipped laboratories, three offices, a facility for preparation of pathG-
logic slides and use of the Animal Farm, an invaluable asset. Veterinary
supérvision of our experimentel animals was provided in the firs# part of
this period by the steff of the New Englaﬁd Regional Primate'Rgsearch
Center. Recently to meet the increasing needs of supervision of animal#,

through a joint service with several other Boston hospiteal

{

and the Animal
Rescue League of Boston, we have been fortunate in oﬁtaining‘as Cpnsultant
Dr. Richard W. fite, Staff Veberinarian of the Aﬁimal Rescue League of
Boston. Dr. Fite has had extensive experienﬁe in the care of small animals.
An Animal Care Comrittee of the Cancer Research Institute staff and
administration is res?onsible for the operaﬁion of the Parm. The Farm is
fully accredited by the American Association for iccreditation of Laboratcry
Aunimal Care.

Alnegative pressure‘room with laminar flow hood is available fof
handling‘of hazardous materials.

In addition, through the cooperation of Dr. Micheliné Federman and
the Laboratory of Patholqu of the Hospital, facilities for electron

microscopy are avallabtle.
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Results of our research from May 16, 1973 through Fay 15, 1979 will -

be summarized in the folloving pages. Detailed results may ve found in

o

the articles cited in the list of publications.



-11-

MATN RESEARCH ACCOMPLISHMENTS

Our experiments during the past year may be grouped as follows:

A.

Carcinogenesis by Asbestos iﬂ_Rodents'

1.

Chrysotile Fibers Injected Intratracheally, Intrapleurally
and‘Intraperitoneally
Cocarcinogenesis

a&. Asbestos and methylcholanthrene — — lung and pleura

.

Tumorigenesis by Ionizing Radiation

1.

Adrenal

a. Cortex

b. Medulla

Pancreas

a. Insulincma

Effect of Radiation of the Fgmale Breast

Hormonél Changes 1in Parabiont Males and Nedplasms of Testis

and Prostate

Relative Sensitivity of Tissuves to Induction of Benign and

Maligznant Tumors by Radiation

Miscellaneous

1.

2.

Transplantable Tumors
a. Functional endocrine tumors
b. Irradiated human cancers transplantable to hamsters

Radiation Leuvkemogenesis
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A. Carcinogenesisib Asbestos in Rodente
1. Chrysotile Fibers Injected Intratracheally;'Intrapleﬁrallyvand

Intraperitoneally

The first hundred NEDH.fats injected with a physiological saline
suspension of asbestos fibers have completed th ir lifespan and are noﬁ
being studied. Ye have found in them pleural mesothelioma as uell.as the
fibrous and calcified pleural plaques oxten associ ted with asbestosis in-
man: These pleural pléques are very similar to thcse in man with sharp,
raised edges and generally smocth surfaqe. They are'yellgwiuh white or
gray in color. Microscopically there are dense fibers with abundant.

~

collagen. The fibrocytes are mature. The wavy fibers of collagzen tend
&S y A (<)

1))

to parallel the pleural surface. The plagues are r2 2la 1z avascular.
Occasionally they show slight infiltration with lymphocytes and plaéma
éeils, Czlcification, usually patchy, is not ugusual. They are not
associated with adhesions. These pléﬁral plaqﬁes are nct &n ﬁnique
recaction to asbestéS'(l). Fost tumor-bearing aniﬁals hed lived over
500 days postinjection. Since not all of the test animals have died, the
results of the experiment have not yet been analyied zac repérted.

These experiments with chrysctile asbestos are still in progress.
Single NEDH rats have been injected intrapleurallj or intratracheally,

and in addition a segment cf one lung was given a local dose of . 2000 R.

Of these 43 animals, 11 have thus far shown evidence of tumor. 1In L5 other

rats injected intratracheally or intrapleurally with asbestos 11 have
thus far shown related tuﬁor;.

The asbestcs was injected in physiologic saline solution, suspeunded
by agitation. Two types oi asbestcs were used--Canadian and Rhodesian.

Grade 7 of the UICC standardized sample has been used throughout our work.
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Because glasé is closely related chemically to aébestOS and its fibers
~used for insulation (glass vwool) are somewhat similar tc those of asbestos,
although in generél coarser, ve have injeéted these fioers‘similarly<into
NEDH rats and mice to test their carcinogenicity. Alsc, glass %ooOl is‘
widely usea in industry. The finer washed_fibérs.elufvi from the glass
wool have rather simila; fibrogenic effecté to thése of ésbest@s, but wve
have not yet found any tumors following injectibn of this material.
2. Cocarcinogenesis
a. Asbestos and methylcholanthrehe-4-1ung and pleura

Methylcholanthrene is an appreciably faster acting carcinogen
than is achestos, apparently by 100 to 200 days in rats. Consequently,
the mice and raﬁs thus far available for study have showa cancers induéed
by the chemical carcinogen rather than those expected té be induced by the
asbestos fibers. The dosage used was 2 mgm of asbestos suspended in
saline ccmbided with 1 mgm of nethylcholanthrene suspended in sesame pil.
This combination was iﬁjected intrapleuraliy and intraperitoneally in
33 rats, 29 of which have thus far shovn evidence of related tumor. The
methylcholantarene is partly suspended in its carrier:agent, sesame 6i1J
‘and consequently its tumors contain macrophages and foreign body giant
cells that havé phagocyted some methylcholanthrene crystalé. One hundred
sixty B6AF1/J rilce were injécted with 0.k mgm asﬁeétos combined with

0.2 mgm methylcholanthrene iatrapleurally and intraperitonsally, and of

these 51 have chowm evidence of related tumors. Electron microscopic
studies have shown that the larger diameter fibers tend to break down to
very fine fibers, about 1.0 um in our preparations. These are within the

diameter of fibers considered to be active in inducticn of asbestosis,
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vhere the diameters are given as 0.5 to 2.5 um (2). e have not céntrolled
the length of the fibers which are hizhly variable in our samples, ranging
from two micra to several millimeters iq length. Because man is at risk
from a wide variety of fiber sizes, we have not attempted tb étandardize
the sizé of fiber used. Methods for suéh standardizaticn are given by .
Spurny et al. (3).

In addition, we are fbllbwing 80 BéAFl/J mice injected intracavitarily
with 0.4 mgm of Rhodesian asbestos'and a.similar group using Canadién
asbestos. Another group of 80 mice has been injected with 2 mgm of a
saline suspension of glass wqol prepared-by'elution to provide the finer
fibers in the sample. These range over 10 times the diameter of the

asbestos fivers.

B. Tumorigenesis by Jonizing Radlation

1. Adrenal
a. Cortex

Proliferation of adrenal cortical "A" cells, which nérmally
occurs as a response_to aging in micé, particularly in females, is the
precursor of cortical tumors. Ve have studied this proliferation of "A"
cells in the_adrenals of 695 untreated.RAP maie and female mice and in
915 that had received gammea or x-radiation. This proliféraﬁion was both
accelerated in time of development and enhanced in extent by radiation,
particularlj in females. The response tends to be slight following doses
in the range from 30 R to 300 R of‘x~radiation, moderate after continuous
lifetime gamma radiation, and most marked in perinatally-irradiated females
wvho had received gamra radiation in the range of 332 to cver 1200 rads.

This latter group alone Geveloped cortical tumcrs. The development of



tumcrs was significantly correlated with extensive "A" cell proliferation.

The incidence of cortical tumors was influenced by the total dose of gamma

radiatioh;'those who had received less thén 500 rads had about.3% incidence
ﬁhile those who had reqeived over 500 rads had 9% tumor incidence.

Ve have reviewea extensively'the publiéhed data on tumorigenesis in
the édrenal cortéx and have been impressed by the extent to which hormonal
imbalance appears'to be a factér. In female mice, the'sgi we have studied
more carefully, the horménes of ovary, adrenal medulla and pituitary appear
to have important effects on the necoplastic behavior of cértiéal cells.
Studies of endocrine neoplasia, a field brilliantly advanced‘by quth,
Upton and numerous others, suggest that this group of lesions may be a
"disease of senility” developing in organs undergoing involution. Such
changes may bg simulated to some extent iﬁ young micé by adventitious cell
injury; for example, radiation or othsr mneans of altering>£he mutually
responsive functional ties obetween the ssveral endocrines. This is
'perhaps cseen best in the ovary vhere moderate doses of radiation injure

-or kill cocytes without obviously affecting the residual cellé; Tﬁese
may respoﬂd to the reversed ovafian-pituitary feedback by the productiocn
of a variety of tﬁmors. Interestingly enough, the moréhologic sequence
of change in the adrenal or the ovaryAtends to involve undifferentiated
stem cells and may culminéte in neoplasfic metablasia. Thelpourse of
development of the tumors appears to be the same whether the initial
impetus is naﬁural (senesceance) or imposed (radiation).' If one accepts
the normal stem cell as the key target in carcinogenesis, it would appear
that in the adrenal coftex the capsular blastomeres appear to be the
target of radiation that results in the ultimate formation of adrenal

tumors.
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There is 2 high spontaneous incidence (over 35%) of pheo-
chromocytomas in single and parabiosed male NEDH rats, over 20% in females.
One of these tumors, found in an irradiated partner of a parabiosed pair,
has been rgadily uranob;anuable and actively Lunctloﬁln?,Apréducing fatal

s N
T

hypertension, often aséociated lesions of arterioles and myocardium.

This tumcr has been widely used in studies of hypertsnsicn, and transf‘
plants have tesn provided to 26 investigators in the United States and
overseas. |

2. Pancrezas

iinonas

i
Hl

a.

b=t
S

ulinomas, both benign and malignanf; have been induced by -
radiation of rearegbiont peirs of rats. The incidehce in contrélslis 1% or
léss, but over 15% in irrad 1ated male partners.

Dr. Willizw L. Chick of the Joslin Clinic has been worlting with this
radiation-induzed insulinoma of the fat; vhich we had supplied to hiﬁ.
He and his collzagues had obﬁained insulin messenger ﬁﬁé from the insulinoma
cells, later zscaverted to insulin DNA. Dr. ialter Giltert and associates

of the Biolog: Depart menf of Harvard successfully linked this DNA with =

penicillinase zcne of E. coli, found on the bacterial plasmids. It should

be made clear that our group was not involved in the.gene transplantation
experiments in which we have no competence. However, without the special

or (4) vhich we developed this brilliant transplantation

d'

properties of thez
wor¥ could ncy nave been doﬁe.
3. Effect of Radiation of the Female Breast
The study of girls whose breasts were repeatedly expcsed to radi-

ation incidens to fluoroscopy during the course of treaumﬂdu of tuberculosis
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mentioned in the last Progress Réport, a study begun under this research
érogram, has bteen cdmpleted by Drs. John D. Boice and Horman C. Telles,
now of the Bureau of Radioiogical Health (5). This study, car?ied out in
the Department of Epidemiology of the Harvard Séﬁool cf Public Health,
with the cccperation of Dr. Gérald Parker of'the Kasséchusétts Department
of Public Health, was supported by the Bureau of Radiological Health. The
egtimated total dose to the skin of the breast was abcut 000 R in some
cases, much less in others. The incidence of carcinoma of the breast in
the repeatedly fluoroscoped group was twice that fcund in matched controls.
The follcwup was highly successful in identifying and obitaining the
cooperation of the survivors although the time from exposure to the
‘followup study was as long as LO years in some éases.' Tnis further
evidence that cancer of the breast may be induced oy rédiation and‘that
radiaticn of the prepubertal nonfunctioning breast.may résult in subsequent
development of an exéess incidence of cancer leads us to give further
attention to the relationship of the internal hormonal milieu and exposure.
— A

Ve fougd that when hemi-irradiation of paired female parabiosed NEDH
rats was done carcinomas cof the breast were far more ;requent in thé
shielded than the irradiated partners. This difference vas further empha-
sized by unilateral nephrectomy, which aided.in retention of gohadotropic
hormones.

Paraviosis of female NEDH rats with castrate males of oophorectomized
females produces carcinoma of the breast in the majority of intact femalesl
When unilateral nephrectomy of each partner is added to the procedure, the

incidence is nearly 100 percent.
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Radioimmunoassays for luteinizing hormone (LH), follicle-stimulating
hormone (FSH), prolactin, estradiol and progesterone have ‘been per;orWLd
on the sera of these rats. The levels were found generally to be high,

though progestercns remaired at normal levels.

[§

Aﬁ attempt to weigh verious factors thought to be involved in causing
human and experimental rat cancer of the breast sugges ts significant
differences of a guantitative nature 6). As yet no virus has been estab-
lished as causative in man. Heredity is a much cleérer étiologic factor

in rodents than in man.

L]

ly Hormcnal Changes in Parsbiont Males and

. Jjeoplazms of Testis and
Prostate
Another aspect of the role of the internal hormonal mllleu is

brought out by 2 pilot study (7, 8) undertaken Tirst with parabiotic hemi-

irradiated rats indicauiﬁg that following hemi-irradiation of the palr

)]

mammary cancers developsd in the unirradiated partner of female pairs as

well as in the irradiated partners. Unilateral nephrectomy intensified

this effect. Uith this and other indications of the importance of hormonal

alteraticns oro enxcut by parabiosis with or without irradiation as a

=~

lead, we found that parabiosisz of normal male rats and castrate male rats,
some un¢IPL »ally nephrectomized led to high levels of some gonadotiopic
hormones and alsc tc developrent of interstitial cell tumors of the testis
and adenccarcinomas of the prostgte in the normal malé partners. 'These

"

studies are be

initial pi

—
@
[

n

=

elaborated with the aid of funding from

the National Cznce» Institute
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C. Relative Sensitivity of Tissves to Induction of Benign and ¥alignant

Tumors by Radiation

An opportunity to determine the relati%e sénsitivity of the various
cell types of the NEDH rat.to heavy doses (1000 R) of whole-body radiatién
is afforded by our past experiments with hemi-irradiation of parabiont
pairs of rats. Vnile practically every cell type produces aﬁ occasional
tumor spontaneously, either radiation or the hormonal changes incident to
radiation produce a measureable increment in tumorlincidence in only a
relatively few cell types or ofgans. ‘Incidentally, the control animals
for these studies of tumor incidence have provided very'extenéive documen-
tation of the spontaneous incidence of‘bofh benign and malignant tumors
of all types in this strain. Such documentation is of major importance
to provide background information for enhanced incidence of different
tvpes of tumor with the investigation of pétential carciﬁogens.

We have clearly established for the first time the induction by radi--
ation of benign tumcrs in a wide variety of organs aﬁd tissues. By using
pérabiosis of rats and irrediating ons of the pértﬁefs while shielding
the other, it has been possible to determine the response of the irradi-
-ated partner to a heavy dose of whole-body radiation, 1000 R. This
procedure eﬁables obtaining.information that could not otherwvise haye
been obtained without the vital support of the shielded animal through
the period necessary for recovery of the irradiated partner from the acute
radiation‘syndrome. This study has ﬁot only demonstrated the induction
of benign tumors 5y this dose of radiation But has further enabled us te
determine the relative response of the various tissues. Thié has indicated
that ovarian tumors were the most freguently induced. The endocrine system

in general was guite susceptible.



Our sﬁudies of the induction of benign tumors by radiation in the
parabiont ﬁairs has bean corpleted and published (9). .The corresponding
-study of the incidences of malignént tumors is ngaring completion.

.Although there has been'g:eat interest in the‘carcinagznic effects of.
ionizing radiation in recent years, rélatively little attedtion has been
focused»on-its effectiveness as an inducing agent for bénign tunors.

There has been valuable work. done particulérly by Shellzbarger EE‘EL' (10)
with regard to the induction of mammary tumors, both.benign éndAmalignant,
and a number of othef articles have called atténtibn tc the potential role
of radiation as a féctor in the'inductioﬁ of benign necplasms. However,
very little attention has been given to the fypes and sites ofvneoplasms
induced. | |

Oﬁr study of parabibnt rats ﬁas produced an adeguate volume of data
to permit the conclusion that spontaneous benign tumocrs are induced by
radiation and that certzin organs and tissues respond mcre rzadily than
others byvforming benign tumors. In the NEDH rat following a whole—body
dose of 1000 R .250 kVp x4ray‘to one partner of a pair while the othef.was
shielded to permit survival‘of the pair following this lethally-potential
dose to the partner, large numbers of benign tumcrs were induced.

Spontaneous beﬁign {uéors are frequent in NEDH rats; the ovary is the

nost freguent site. The adrenzl medulla is the next highest, vhere the

-

incidence of benign pheochromocytoma is 35.1% in males, 22.5% in females.
Another tissue frequently involved is the mammary in females with a spon-

. ' . P ?
taneous benign tumor incidence of 11.2%.
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Following radiation, the ovary was the most freguent involved organ,

the incidence of benign tumors being 49.7%. The commonest type of benign



ovarian tumor was the relatively undifferentiated tubular adenoma. In
mammary tissue of females the benign tumor incidence was i9.6%.

Another frequent tissue to be involved vas the adrenal medulla. Vhile
benign pheochromocytomas occurred frequently in single,contrél rats--35.1%
in males, 22.1¢% in females, the spontaneous incidence was sharply reduced
by parabiosis alone to ;i.S% in males, 11.9% in females. This reduction
is in part related to tne shorter lifespan of the parabiotic controls, an
average of 647 days as ageinst 710 days for the single controls. This -
decrease may well be related to life shortening since most pheochromo-
Acytomas developed after 500 days of age in the single control animals
wvhose average lifespan was 710 days, vhile the average lifespan of the
hemi-irradiated pairs wvas 551 days. Radiation proved to be tumorigenic
for the irradiated partner of the hemi-irradiated pairs, increasing the
incidence to 23.8% in meles and 1k.9% in females, nearly overcoming.in a
<-shortened lifespan the appareant protective effect of paraviosis. 1In the
case of the malignant variant of this lesion, radiation was ineffective
in cancelling this suppressive effect of parabipsis;

Interestingly enough, although the liver is in general a radiation-
resistant organ, éystadenémas and cholangiomas, vhich were not found in
single contrcls and extraordinarily rare in control parabiont pairs, were
found in 7.4% of the male irradiated partners and 13.8% of the female.
Their incidence in the_shielded partners of the hemi—irradigtea pairs was
0% for males, 0.2% for .females. The hepatic cells proper are virtually
unreéponsive tc induction of benign tumors,'the only éeries in which they
occurred being that of the ifradiated male partner, and here the incidence

vas extremely small, 0.1¢.
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Curiously.enough, the islet cell adeﬁoma of the pancreas is extremely
rare spontaneouslv with an incidence of 1% or less in 2ll the control
series but occurring in 15.3% of male irradiatedlmice, 2.% of female
irradiated mice. The endometrium shéwed the presence of polyps fairly
frequently--£.7% in centrol single rats, 9.6% in contrcl parebiont paifs,
and 3.1% in the shielded partners of the hemi-irradiated pairs, while the
irradiated pariners developéd 30.2%, suggesting a direct effect of the
radiation on the endometrium. B : -

The skin and subcutaneous tissue of the irradiated partners showed
distinctly more benign tumors--cysts, fibromas, papillomas-—than did'the‘
controls.

Mammary tissue als0 was responéive tc radiation, adénomas being the

commonest benign tumor induced.  The incidence in females was 19.6% as

contrasted with 11,2%

W

in single controls. It was only 1.3% in hemi-
irradiated parabiont males contrasted with IIE% in single male controls.

Cholangiocmas, usually small, were induced in the liver of a number of
rats--7.4¢ in males and 13.3% in females.

The benign tumors only rarely ad«nrcclv affected the health of the
animals. Occasioneal endocrine tumors were‘functional agd‘rarely benign
tumors of other tissues became sufficiently large to be locally obstructive
or to cause ulceration.

Our study‘qf malignant tumcrs in hemi-irradiated parabiont pairs is
nov nearing completion. All animals have been autopsied and all cancers

have been identified. Those tissue

s

most susceptible te radiation carcino-
genesis in the irradiated partner of parabiont rats appesar to be soft tissue,

kidney, bone and pancreatic islands, in that order.
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As noted in an earlier paper (li), renal cells appear highly suscep-
tible to radiationAcarcinogenesis at the dose level ve havé_used (lOOOAR).
‘?ecent studies by others of the effects of’radiation on the kidney did nct
report the occurrence of renal caﬁcers, perhaps'becausé the lifespan of the
animéls used was too short. Madrazo et al. (12) in.théir study of late 
effects after high doses of radiation (doses of 4300 and 9600 rads to one
kidney) did not find any renal tumors, pfobably because these doseé killed
many of the epithelial cells and also Because the rats were killed rela-
tively early--six weeks to nine'months after radiaﬁion. With smailer
dosesl(lSOO and 2000 rads) a few rats vere alloved to'live twelve months.
They did not note any tumors (13) in thesé either. Jordan et al. (14)
irradiated the remaining kidney of mice after unilatgral nephrectomy with
divided doses of 1250 to 5000 rads. Some of the animals survived for up
tc 31 weeks. Highly ébnormal tubular epithelial cells were seen,'but no
tumcrs occurred as wouid bve expected %ith sO shoft a'latent eriod. |
qudan et al. (15) noted that mice receiving 1000 rads shoved no signifi-
cant histologic renal abnormalities, but that slight changes in tubular
epithelium occurred after doses of 1100 rads.

D. DMiscellaneous
1. Transplantable Tumors
a. Functional endécrine tumcrs
Among the tumors induced in this laboratory several have been
extremely efficient producers of specific hormones asAwell aé being readily
transplantable. Two (méntioned above) in particular have been Widely used |
by investigators--the phedchromocytomaAwhich préduced hypertension and an

insulinoma (islet cell carcinoma) which produces both proinsulin and insulin.
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Cells of the latter tumor have been successfully used by investigators at
the Joslin Diabetes Foundation and the Department of Biology at Harvard
University to develop through genetic engineering an insulin-producing

strain of E. coli.

Our transplantable rat insulinoma RNC-283 hasAbeen used by 16 investi-
gatoré in this country and three overseas. The rat phéochromocytdma
RNC-259 has been provided to 26 investigétors in this country and to two
cverseas.

With relation to insulinoma, passing reference shogld be made to th;
brilliant work of Chick, Gilbert and their colleagues sinée ve supplied
the radiation-induced insulipoma vhich made their experimenté possible
and which has opened up trilliant opportunities for the ulfimgte production
of insulin and cther horrones by bacterial cultures; | |

b. Irradiated human cancers tfansplanﬁable tc hamsters
Several transplantable human cancers that had been heavily
irradiated in the hamster cheek pouch have been carried in the tissue
bank but afe'not being actively studied.

2. Radiaticn<Leukemogenesis

Until February of 1973 the bulk of our'ﬁork.in leukemogenesis vas
supported by the National Cancer Institute. Ve found that hemi-irradiated
pairs of parabiontANEDH rats react very differéntly to a heavy dose
(1000 R) of x-radiation than do single mice,tb smalier doses. Whereés
in many strains of mice the incidence of leukemia following irradiation
‘is high and the leukenmia is usuvally of lymphoid type and associated with
fhymic involvement, lymphoid leukemia is relatively rare in rats. In the

NEDH rat spontaneous leukemia is rare and the monocytoid and myeloid forms
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preddminate. The thymus is oniy rarely involved iun the leukemic process.

The heavy dose of 1000 R tc one partuner reduced the incidence of leukemia

by about one half, but about one half from that thch prevailed in the

parabiont contfol animals..
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