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Abstract:

Considerable evidence supports the theory that a thymus-dependent immunological surveillance
mechanism is important in tumor prevention. To this end we expected the congenitally athymic (nude)
mouse to have many spontaneous tumors. We have not observed spontaneous tumors in the nude mice
in our colony. Because the nude mice have a short lifespan, we thought that maybe the mice died
before spontaneous tumors had time to develop. Therefore, we attempted to induce tumors in nude
mice and their phenotypically normal littermates with the carcinogen 7, 12-dimethylbenz(a)
anthracene. In every experiment each normal littermate developed papillomas and none of the nudes
developed a papilloma. We do not believe this result was due to the hairless condition of the nude mice
as we successively induced papillomas with the same carcinogen in the hairless (hr/hr) mutant. We
then considered that some thymic influence might be required for the production of some types of
tumors. To test this idea, nude mice (NU), nudes implanted with thymus glands (Nu-tg), nudes injected
with thymus cells (Nu-tu), and phenotypically normal littermates (NLM) were treated with 7,
12-dimethylbenz(a)anthracene and then croton oil as a promoter. All of the NLM, Nu-tg, and Nu-tc
developed tumors; only one of 21 Nu mice developed a tumor.



Statement of Permission to Copy

In presenting this thesis in;partiél fulfillment of the
requirements‘for an advanced'deéree ét Montana State Univer-
sity, I agree that the library shall make it freely available
for inspection. I further agrée that\permission fér‘exten—

sive copying of this thesis for scholarly purposes may be .

~granted by my major professor, or, in his absence, by the

Director of Libraries. It is understood that any . copying 6r
publication of this thesis for financial gain shall not be

allowed without my written permission.

Signatureéi;JELQLKz%ﬁié%é;éjéﬂﬂéh4\‘

Date _/¢/ '_002{}&!1?_. L7273




THE RESPONSE OF CONGENITALLY ATHYMIC (NUDE)
MICE TO THE CHEMICAL CARCINOGEN
7, 12-DIMETHYLBENZ (A) ANTHRACENE
by

EUSTACE ARNOLD JOHNSON

A thesis submitted to the Graduate Faculty in partial
fulfillment of the requirements for the degree

of
MASTER OF SCIENCE
in

Microbiology

Approved:

;/( ‘- ‘ -

ead, Major Department

Vovan ) T

Chairman, Examining Committee

o iy

Gradu9%é Dean

' MONTANA STATE UNIVERSITY
Bozeman, Montapa

December, 1973




iii

Acknowledgements

I wish to express my sincere thanks and appreciation to
Dr.'Nérman Reed for his encouragement, counsel, and aSsis—
tance. Without his help and support, thése-étudies would not
have been possible..

I also wish to thank the entire staff of the Micro-
biology Depértment and the members of my committee for their
support and suggestions.

Finapcial'support for this research and my educational
program was obtained from Research Grant No. AI 10384 from
the U. S. Public Health Service and Allied Health Profession-
al'Training_Grant No. 8-6009-492 from the U. S. Public Health

Service.




VITA « « « o o .
* ACKNOWLEDGEMENT'S
‘TABLE OF CONTENTS
LIST OF TABLES .
LIST OF FIGURES -

ABSTRACT . . . .

INTRODUCTION .« - "

MATERIALS AND METHODS ..

Mice_. . o e
Chemicals . .

Thymus Grafts

Thymus Cell Extracts

TABLE

°

OF CONTENTS

‘Assay for Immunological Competance

RESULTS - .« -

" Page

iii

10

Response of Nude and Littermate Mice to
7, 1l2-Dimethylbenz (a)anthracene . . . . .+ . .

Response of Nude Mice and Littermates to
7, 1l2-Dimethylbenz(a)anthracene and Croton Qil

Response of Another Hairless Mutant (hr/hr) and
Normal Littermates (hr/+) to 7, l2-Dimethylbenz
(a)anthracene and Croton O0il . . . . . . . . .

Response of Littermates and Thymus-implanted
Nudes to 7, 12-Dimethylbenz(a)anthracene . . .




v

Response of Nudes, Thymus-implanted Nudes,

Thymus Cell injected Nudes, Thymus Extract-
injected Nudes and Littermates to 7, 12-
Dimethylbenz (a)anthracene and Croton 0il

Assay of Thymus-implanted Nudes and Thymus
Cell-injected Nudes for Immunecompetance .

DISCUSSION &« « o & o « o o & o o s o o o o &
SUMMARY- . .‘a . . . . ° . o o ° ° ° ° ° >

BIBLIOGRAPHY + « « & « o o o & o o o o v o .

26

31
35
39

40




TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

' TABLE

IT

IIT

Iv

VI

VII

VIIT

IX

vi
LIST OF TABLES

Papilloma Development in Nude (Nu)
and Normal Littermate (NL) Mice
Treated With 200 ug of DMBA Three
Times Per Week for Four Weeks . . .

Papilloma Development in Nude (Nu)
and Normal Littermate (NL) Mice
Treated With 200 ug of DMBA Twice
Per Week for Two Weeks

° - ° ©

Papilloma Development in Nude (Nu)

and Normal Littermate (NL) Mice
Treated With 200 ug of DMBA Once

Per Week for Eight Weeks . « ¢ « « . &

Papilloma Development in Nude (Nu)
and Normal Littermate (NL) Mice
Treated With 400 ug of DMBA and
Croton Oil + « ¢ o o o o & o o o o

Papilloma Development in Hairless
(hr/hr) and Their Normal Litter-
mates (hr/+) Treated With 400 ug
of DMBA and Croton Oil

Papilloma Development in Nude Mice
With Thymus Grafts (Nu-tg) and

Normal Littermate Mice (NL) Treated
With 150 ug of DMBA Twice Per Week

for Seven Weeks = « ¢ s ¢ ¢« o« ¢ o « o &

Papilloma Development in Nude Mice
(Nu) , Normal Littermates (NL), Thymus-
grafted Nudes (Nu-tg) and Thymus
Cell-injected Nudes (Nu-tc) Treated

With 400 ug of DMBA and Croton 0Oil . .

Skin Rejeétlon of. Nbrmal'thtermates
{NL) and Reconstituted Nude (Nu—tg or

Nu—tc) MIicEe v 5 o o o o o s e & a8 s 4

Response of Mice Receiving. 0.25 ml of

10 Percent ‘Sheep Red Blood Cells (SRBC) -

Intraperitoneally « .« « « « « « « « o

Page

18

i8

19

19

23

23

27

33




" FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

IT

IIT

Iv

vii

LIST OF FIGURES

Protocol Showing the Treatment of
Nudes (Nu) and Normal Littermates

(NL) with 7, 12-Dimethylbenz(a)
anthracene . o +« ¢ o o o o s o o s o o

. Protocol Showing the Treatment of

Nudes (Nu) and Normal Littermates

-(NL) with 7, 12-~Dimethylbenz (a)

anthracene and Croton 0il . . . . . .

Protocol Showing the Treatment of
Thymus Gland-implanted Nudes (Nu-tg)
and Normal Littermates (NL) with

7, 12-Dimethylbenz(a)anthracene . . . .

Protocol Showing the Treatment &f
Normal Littermates (NL) and Nudes
Injected With Thymus Cells (Nu-tc)

With 7, l2-Dimethylbenz (a)anthracene

and Croton Oil . o + « o o o o o o o =

Protocol Showing the Treatment of
Normal Littermates (NL) and Nudes With
Implanted Thymus Glands (Nu-tg) Treated
With 7, 12-Dimethylbenz (a)anthracene
and Croton Oil v ¢ ¢ o « « o o o = o




viii
ABSTRACT

Considerable evidence supports the theory that a
thymus~dependent immunological surveillance mechanism is
important in tumor prevention. To this end we expected the
congenitally athymic (nude) mouse to have many spontaneous
tumors. We have not observed spontaneous tumors in the
nude mice in our colony. Because the nude mice have a short
lifespan, we thought that maybe the mice died before sponta-
neous tumors had time to develop. Therefore, we attempted
to induce tumors in nude mice and their phenotypically
normal littermates with the carcinogen 7, 12-dimethylbenz(a)
anthracene. 1In every experiment each normal littermate
developed papillomas and none of the nudes developed a
papilloma. We do not believe this result was due to the
hairless condition of the nude mice as we successively in-
duced papillomas with the same carcinogen in the hairless
(hr/hr) mutant. We then considered that some thymic in-
fluence might be required for the production of some types
of tumors. To test this idea, nude mice (Ni), nudes im-
planted with thymus glands (Nu-tg), nudes injected with
thymus cells (Nu~tu), and phenotypically normal littermates
(NLM) were treated with 7, 1l2-dimethylbenz(a)anthracene and
then croton oil as a promoter. All of the NLM, Nu-tg, and
Nu-tc developed tumors; only one of 21 Nu mice developed a
tumor.




INTRODUCTION

Concept of Tmmunesurveillance. The functions of the

thymus and the effects of th&mectomy have been reviewed in
an article by Millexr and Osoba (1). Thymectomy results in
impairment of the immunological system brinéing about an in-
creased suséeptibility to infections (2), the retention of
skin grafts that would normally be rejected (3-5), a short-
ened latency period for tumor development induced by some
typeé of viruses (6-10) but not other viruses (11-14), accep-
tance and maintainance of tumor grafts (15-16), increased

. production of production of tumors with a shortened latency
period for tumor devélopment induced by certain carcinogens
(17-18) [but not substantiated by workers using different
chemical carcinogens (6,12,19,20)], a decrease in the nuﬁber
of circulating lymphocytes (1) and a shortened lifespan with

a wasting syndrome usually present before death (2,21,22).

These observations led Fv'M; Burnet to suggest that a
majorlrolé of the thymus is to assist in the development of
a 'surveillance system designed to provide.protection”against
fumors .or neoplasms arising in the body (22-23). According
to this theory, the thymﬁs—dependent systeﬁ of immunocytes
is almost ‘solely responsible for sufveillance; whereas, the

antibody—prdducing cells have an almost negligible role.
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Burnet suggests that this immunesurveillance system
tends to reduce the continued existence or survival of those
mutant cells that occur spontaneously or those that are in-
duced from a variety of causes. Without this system, these
mutant célls might progress to malignancy. The net result
is that tumors would be frequent in animals with an intact
immunological surveillance system. Any activity, congenital
defect, or treatment which would render damage to a function-
al immunological system would be expected, according to

Burnet, to permit more tumors or neoplasms to develop.

Evidence in Support é£ ImmuheSurveillance; Cinader (24)
summarizes evidence froﬁ mahyllabbratories that the incidence
of human tumors would be much greater were it not for this
immunesurveillance system. His support is as follows: a
high incidence of tumors in cases of inborn efrors of the
cell-mediated immuneé apparatus; an increased iﬁcidénce of
tumors in the thymectomized animals which are infected by
tumor viruses'or tumor cells; an increase in the minimal
number: of tumor cells requi;ed for tumor "take" after. immuni-
zétioﬁ;.q higﬁ incidence of tumors in immunosuppréssed
égtients;:é diffefence'in_immunoiogical.paramgters‘between

animals infected with the same virus, but having a regressing
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or progressing tumor. These observations lend support for
the‘immunesufveillance theory which has beeﬁ proposed by
Burnet.

Miller, Grant, and Roe (18) investigated the incidence
of tumors in neonatally thymectomized mice and sham-operated
control mice. They concluded that tumors arose earlier and.
more frequently in thymectomiged mice in comparison to sham—-
operated mice. The regression rate wasAhigher in the sham-~
operated control mice. Grant and Miller (17) reported tumors
appearing more rapidly in thymeétomized mice than in\control
mice following intramuscﬁlar injection of 20—méthylcholan—
thren (MCA). Defendi and Roosa (26) examined histologically
sarcomas derived by injection of MCA and reported tha£ a
cellular infiltration of mostly lymphocytes could be seen.
around the necrotic tumors in the control mice but not in
thymectomized mice. Several additiénal workgrs have_repo;ted
similgr results of increased tumor incidence induced by .
chemiéal caréinogéns after‘pribr treatmenf'of animals with
anti-lymphocyte serum (ALS) (27). For'én excellent reView
‘éf this material;;one may read the feview articies by Miller
ané Qsoﬁa'(l) ana the two reviéw érticleslby Gleichménn aﬁd
Gleighmgnn (27,28). | | | |

~ 'T'he effeckts of Ehymectomy on the incidence of tumors
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induced by viruses have been described by several investi-
gators. Allison and Taylor (29) demonstrated an increased
number of tumors inducea with polyoma, SV40, and adenovirus
type.lz in thymectomized CBA mice compared to CBA controls.
Several other investigators have also shown an increased
incidence og polyoma-induced tumors in thymectomized mice
(6-10). An increased frequency of tumors induced by adeno-
virus type 12 has been reported in neonatally thymectomized
mice and in hamsters thymectomized at three weeks of age (29)

when compared to sham-operated controls.

Evidence Against Immunesurveillance. Many experiments

can be cited with results incompatiblé with the immunesur-
veillance theory. For examplé, not all virus-induced tumors
. are increased by thymectomy. Investigators have shown that
the incidence of lymphoid leukemia in mice infected with
Gross and Moloney viruses: is reduced with thymectomy (11,14).
Mammary tumors haﬁe a reduCed.incideﬁce in thymectqmized

mice carrying'the'Biténer“agent‘(29).

Several investigators using the carcinogen 20-methylcho-
lanthrene have reported no significant difféfence in the in-
cidence of chemiéally:induced tumors iﬁ'thymeCtomized and

control micé} Allison ‘and Taylor (29) did not observe any
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differences between the incidence of skin tumors in
thymectomized rats over control rats after topical applica-
tion of 7, 12-dimethylbenz (a)anthracene.
According to Gleichmann and Gleichmann (28) the rats
of sponténeoﬁs malignancies in animals with suppressed cellu-
lar immunity'does not significantly differ from that of non-

immunosuppressed animals.

Gleichmann and Gleichmann (27-28) conclude their two-
part review of immunosuppféssion_and neoplasia by stating
that a serious review of the literature places doubts on the
general validity of the immunesurveillance theory. According
to their interpretation, in light of the bulk of experimental
evidence, the theory does not consider those factors in
neoplasia which may be required in addition to immunosuppres-
sion, nor does it consider the tumor promoting effect of
immunosuppressive drugs such as described for azathioprine
in'two-moﬁth oid:NZB mice or.newborn C57B1 mice, or the tumor
enhancing pioperties of the vessicant croton oil. Muéh\work
with croton oil. has been described by Berenblum (30) and
Van Duuren (31). Further, it does not adequately account
for immuﬁq;ogic enhahcement of "éneaking through," both of

which demonstrate the ability of many malignant tumors to
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adapt to a non-depressed immune system. They mention recent
experiﬁents by R. T. Prehn demonstrating a small degree of
specific immunity having a possible stimulatory effect on
tumor growth.

Prehn has suggested that only the less antigenic mutant
cells can survive a lymphocyte-mediated attack (32-34).
Also, according to Prehn, a few mutant cells with antigeni-
city may be stimulated by an immune stimulation that is
relatively weak. Prehn mixed various numbers of spleen
cells from specifically immunized mice with constant numbers
of tumor cells. These mixtures were inoculated subcutane-~
ously into thymectomized, X-irradiated recipients. He
discovered that small numbers of immune spleen cells produced
a statistically significant, and reproducible, acceleration
of tumor growth in the inoculum as compared with controls
of either nonimune spleen cells or spleen cells from animals
immune.to‘a different, pon-cross—:eacting tumor. Large
numbers of specifically immune spleen cells produced inhibi-
tion of tﬁmor growth.(34). Prehn believes these data imply_‘
a dual function: 1. stimulation.of tumor growth, early in
the course of thg disease, or Whenever the‘immuﬁe stimulation-
ié minimai. - 2. inhibition of tﬁmof growth at other times.

Medina and Heppner (35) have demonstrated Fimﬁunostimulation"
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induced by mammary tumors in virus-free Baib/c mammary
tumors. They:used sensitized lymphocytes té enhance tumor
cell ‘growth over the growth obtained with unsensitized

lymphotheg.

The Congenitally Athymic (Nude). Mouse. In view of the

contradictory.results of experiments concerning the effect
of thymectomy.on tumor production and contradictory reports
relating Eo,immunesurveillance, the "nude" mouse described
by Flanagan (36) and later found to be congenitally athymic
by Pantelouris (37), would be -expected to be an excellent

ﬁodel for evaluating the role of the thymus in tumor develop-
nfﬁf.

Manning, Reed, and Shaffer (41) have shown the inability
- of nude mice to reject several xenografts and to retain these
grafts in a viable condition for the lifetimé'of the mouse.
Giovanella,.Yim, Stehlin, and Williams (40),~Povlsen and
Rygaard,‘énd Rygaard aﬁd\Povlsen (38-39)'ha§e reported
.development of malignaﬁt human fumors in nude mice and Reed
.and Mahniné (42). have shown nude mice to aCéépt normal human
forskin. ’Reéd'and Jutila have shbwn that nudes do not re-

“spond well to-heté§blogous red blood cells:(43).
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Wortis, Nehlsen, and Owen (44) have reportéd.that the
grafting of thymus glands into ﬁude mice will result in their
abilitf to reject homografts. Manning and Reed have shown
nude mice'to reject xenografts if thymus glands are implanted
prior to ékih_grafting (41). 1Isaak (45) also demonstrated
the rejectidn of homografts of thymus grafted nudes but not
in nudes where the thymus.glénd was enclosed in a millipore
chamber and'then.grafted into a nude mouse. This would lend
support to rejection phenomena being due to a cell-mediated

response and not soluble factors.

The experiments described here were designed to evaluate
the role of the thymus in the development of tumors induced

by the chemical carcinogen 7, lZ—dimethylbénz(a)anthracene,




MATERIALS AND METHODS

Mice. A breeding nucleus of mice derived £rom the
strain described by Flanagan (36) and carrying the nude gene
was obtainéd'from Doctors R. C. Roberts and D. S. Félconer,
_Edinburg,‘Scotland. These mice have sinqe been backcrossed
onto a Balb/c strain. Because nude {(nu/nu) mice show a de-
creased,ferﬁiiity and the females are not able to suckle
their young, our experimental'stock.of nude mice and their
phenotypically normal littermateé (nu/+ and ¥/+) were derived

from heterozygous anima;s (46).

‘Mice of the (Hr/Hr) strain were obtained from the
Jackson Laboratory, Bar Arbor, Maine. These-mice are hair-

‘less, and by our inspection have intact thymuses.

All mice were fed sterilized Puring 5010C feed and
acidified-chlorinated water (47). The mice ranged in age
from 4-5 weeks when placed intq an experiment, and the sexes

were not_distinguished‘in the experimental design.

Chemicals. The 7, 12-dimethylbenz (a) anthracene (DMBA)
' wés thained'from Eastman Kodék, Rochester, Néw York, and N
' dissélved in reagent grade aceténe in the ébncentrétions
indicated"iniﬁhe results seétion. The,doses.were applied’

with d'mic#dpipet to the back of the mice. 'Some of the
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groups of mice received in addition, two drops of 0.05
percent croton oil.l.The croton oil was obtained from Robin-
son Laboratories, Inc., San Francisco, California. The
croton oil was used as a promoter. The croton oil was first
applied 10 days after the last dose of DMBA was applied.
The croton oil was applied twice pef week each week until

the experiment was terminated.

Thymus Grafts. Some of the nude mice received two to

four thymus glands implanted under the fascia in a pocket

_prepared in the axillary region. This was done under

Nembutal anesthesia (48) when the mice were weaned at four

to five weeks of age. The thymus glénds were obtained from
Balb/c mice less than three days old. Immediately preceding
transplantation, donors were sacrificed and the thymus gland
placed in phosphate buffered saline (PBS). Recipients were
anesthetized and a small incision cut through both the dermal
and inner‘fascia‘layers 1l cm caudal to each'axiilary region.
The thymﬁs.giands were inserted with twissofs and pushed up
through a prepared pathway under the fascia to a position in
the akiliary-region. The incision was cloééa with two to

four intetrupted sutures of 5-0 silk.

Thymus Cell Injections. Thymus cell suspensions were
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prepared by-gently screening thymuses from young adult
Balb/c donors through a stainless steel mesh séreeﬁ in PBS
-containing 1 percent feﬁgl calf serum. Ceils were washed in
the cold in.éhe PBS~fetal calf serum mixture, quantitated
and 5 X.‘lO7 viable cells were injected in 0.5 ml of PBS-
fetal'calf:éerum mixture after a trfpan blue exclusion test
Was done to aetermine cell viability. Thé injections.were
via a tail‘vein. | -

Thymus Cell Extracts. Thymus glands from young adult

. Balb/c donors were mascerated in a Serval Mini-homogenizer
at 30 second bursts for five minutes with the tissue capsulé
suspended in‘ice. The extract was obtained by centrifuging
thé homogenate in the éold at approximately 3,000 RPM in.an
Internationél Clinical Centrifuge_(Model CLY forﬂfive,
minutes. The amount injectéd was 0.1 ml and was the eqﬁiva—

lent of the supernatant material from one thymus donor.

'Assqy{fér_lmmuhological Co@getance.  The'pafametEr used.
to téstifbf iﬁmunencompetance was fhé”abiiity fo'féjectl
.'homogréfts_ér heterografts or‘ﬁq produce aptibodiés~t6:sﬁeep
redfblbod cells (SRBC). This'immune'COﬁpefaﬁceiwas provided
"éither'by:thymus'gland graftiné,-thymué béll injéétion{'&riby

' tHYmusfgiéndlextracfminjedtibn:
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The graftlng procedures'were adapted from Eillingham
and Silver (49). Briefly, full thickness'grafts were pre-
pared from CBA mouse skin or human foreskin. ~The skin was
pinned and stretched on a disectrng board and the under-
" lying membraneous layers were gently scraped away with. a
scapel. Clronlar grafts were then cut with a sharpened 10
mm diameter cork borer and the grafts weretrinsed twice in
PBS and then suspended in a final solution of PBS. Recipient
mice were anesthetized with nemhutal and a circular bed cut
in the skin on the rrght or left lateral portlon of the rib’
cage posterlor to shoulder. - Follow1ng the graft bed prepa-
ration; the circular grafts were placed directly onto the
graft bed. Additional trimming of the circularhgrafts’or
graft bedysite was occasionally done to'obtain a better
"fit." The‘graft bed was cut a little larger than the skin
graft. Dressings were then applied‘consisting of a sterile
~cloth 1mpregnated with petroleum jelly overlayered wrth a'
sterlle guaze pad. Above the. guaze pad, a guaze strlp was
wrapped around the mouse to 1mmob111ze the skln graft. fThe'
'outermost layer was a plaster-gauze cast whlch was also
wrapped around the trunk of the mouse.. The plaster . casts'
were removed s1x to elght days later and the grafts examlned.

The grafts were then examlned every two to three days there—
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after and evaluated for signs of rejection. Graft rejection
was monitered by the development of an inflaméd area with a
total necrosis of the graft and replacement of the skin
graft with that of host origin representrng rotal rejection.
In order to rule out damage to the graft due to scratching
by the mouse, the grafts were kept bandaged with Band-Aids.
The grafting procedures and techinques described are those

of Manning, Reed, and Shaffer (41).

Humoral antibody titers, including hemagglutinating
(HA) titers and hemolytlc (HL) titers were determined’ five
days after the administration of 0. 25 ml of .a 10 percent
suspension of SRBC intraperitoneally (I.P.).  Serum hemag-
glutinating antibody 1eyels were determined by the method

described by Isaak (45).

After bleeding from the retroorbital sinus, twofold
serial dilutions of serum samples were prepared in modified
barbitodkibuffer (45)' Agglutlnln (HA) tlters were read

after- centrlfugatlon, follow1ng whlch the SRBC were sus=-

'pended and 0 l .ml of a 1: 10 dllutlon of gulnea plg comple—

'ment was added to each tube. Hemolysln (HL) tlters were

read after an 1ncubatlon of 1 1/2 hours at 37° C._
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Tabulation of Nude Mice Used in the Experiments.. Only

nuce mice alive when normal littermates (NL) first began to -
develop tumors were included in the experiments. All nude
mice that.died before any littermates developed tumoré were

" excluded from the tabulation of date.




RESULTS

Illustrations showing the protocol used in the succeed-
ing experiments and the results are shown in Figures I-V.
The data derived from the experiments are listed in Tables

I-VIIT.

Response of Nude and Littermate Mice to 7, 12-Dimethyl-

benz (a)anthracene (DMBA).

Nude mice have not been observed to develop spontaneous
tumors. They héve been observed to have a shorter lifespan
than their normal .littermates. It is possibie that the
lifespan of. the nude mice is not long enough for tumors to
develop. To answer this question, we attempted to induce
tumors in nude mice with a known carcinogen, DMBA (See
Figure I). We expected many more tumors in the nude mice
to arise and possibly more rapidly than in their normal

littermates.

We treated nude and littermate mice ﬁith DMBA-using
different doses and dose schédules. The prdtocql for these
studies is portrayed in Figure I. The results are tabulated
in Tables I-III. All of the normal littermate mice developed
one of more papillomas. These'groﬁths were not examined |
histologically so there is not any confirmation if any of

these growths had progressed to a maliganant carcinoma.‘_
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These papillomas developed at the site of DMBA application
on the littermate mice. Approximately 36 hours after the
first application of DMBA, an erythematous and indurated
area developed on the littermate mice. This reddened area
healed over with some scaring and hair loss. In addition to
the erythema, marked thickening of fhe skin was noted on the

littermate mice.

Surprisingly, none of the nude mice developed any
papillomas or any grossly visible response to DMBA. This is
not the result one would expect according to the concept of

immunesurveillance. -

Response of Nude Mice and Littermates to 7, 12-Dimethyl-
benz (a)anthracnee and Croton 0Oil. ,

Because the nude mice did not develop papillomas or
respond to the DMBA in any grossly visible fashion, we
thought it might be due to some abnormal -character of their
hairless skin. indeed, it hés been ?epoited by Gio?anella
(50) that hairless mice are generally refractory to chemical
carcinogenesis. Others such as Iversen and'iVérsen (51) do
not ag;éeg:'lt has been reported that crotbnioil has an
enhancing éffect on tumor production when appiied topically‘

(21,28,30).
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Table IV shown the results of treatment of nude mice
and littermates with one dose of 400 ug of DMBA  and croton
0il applied 10 days later with applications continued twice
per week until the experiment was terminated. Figure III‘

shows the.proﬁocol used.

All of'the normal littermates developed one or more

papillomas and only one nude developed a papilloma that

. regressed after about one month.
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TABLE I
Papilloma development in nude (Nu) and normal littermate

(NL) mice treated with 200 ug of DMBA three times per week
for four weeks.

Days after first DMBA Number of mice with
application papillomas *

NL ' Nu
31 1/12 0/2
37 8/12 0/2
41 10/12 0/2
60 11/12 - 0/1
72 - 12/12 0/0

* The numerator represents the number of mice with at least
one papilloma. The denominator represents the number- of
living treated mice.

TABLE IT

Papilloma development in nude (Nu) and normal littermate
(NL) mice treated with 200 ug of DMBA twice per week for two
weeks.

Days.after first DMBA Number of mice with
application ' papillomas *
NL - Nu
Y " 373 0/3
32 oo 3/3 0/3.
43 3/3 0/2
47 - : 3/3 . 0/1 -
56 . 3/3 _0/0

* The numerator represents the number of mice with at
least one papilloma. The denominator repreésents the number
of living treated mice. T : '
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TABLE III
Papilloma development in nude (Nu) and normal littermate

(NL) mice treated w1th 200 ug of DMBA once per week for
eight weeks.

Days after first DMBA Number of mice with
application papillomas *
NL. . Nu
47 1/4 0/1
48 : 2/4 3/1
83 - 4/4 0/0

* The numerator represents the number of mice with at least
one papilloma. The denominator represents the number of
living trcated mice.

TABLE IV

Papilloma development in nude (Nu) and normal littermate
(NL) mice treated with 400 ug of DMBA and then 10 days later
with an initial dose of two drops of 0.05 percent croton oi
which was repeated twice per week therafter until the
experlment was terminated.

Days after the DMBA - Number of mice with
application papiliomas *

1 NL. Nu
28 . . - 1/24 0/21
40 10/24 0/20
52 ' l6/24 1/20
88 : 23/24 0/ 2
‘106 23/24 0/ 1

109 , 24/24 0/ O R

* The numérator represents the number of mice with at least
" one papilloma. The denomlnator represents the number of
living treated mice. : . S
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FIGURE I.

Protocol showing the treatment of nudes (Nu) and normal littermates (NL) with
7, 12-dimethylbenz (a)anthracene (DMBA).
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FIGURE II. Protocol showing the treatment of nudes (Nu) and normal littermates (NL) with
7, 12-dimethylbenz(a)anthracene (DMBA) and croton oil.
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Response of Another Hairless Mutant (hr/hr) and Normal
littermates (hf/i) to 7, l2-Dimethylbenz(a)anthracene and
Croton Oil. : .

Because nude mice did not develop papillémas and/or
tumors as we expected, we thought we would check our experi-
mental design using DMBA énd croton o0il on another hairless
mutant. .This mutant (hr/hr) has been observed by Iversen
and Iversen (51) to not develqp spontaneous tumors and to be
. rather responsive to chemical carcinogens. These mice have
intact thymuses. After treatmént with 400 ug of DMBA ;nd
twice weekly treatment with two drops of 0.05 percent croton
oil, the hairless mutant'(hr/hr) developed papillomas. The
results of treating the hairless strain and their normal

littermates are shown in Table V.

It is interesting. that the hairless mice developed
papillomas before their littermates. This observation would
coincide with the guantitative analysis studies of Tarnowski
(52) demonstrating that hairless mice of the same strain we
used absorbed:more'tritiated 7, 12-dimetﬁylbenz(a)anthrace#e
than their normal 1ittermates; The obéervations by Tarnowski
Wefe based on autoradiographic studies and showed labeled
bMBA inlfhe'épidermis, hair follicles and subaceous glandér‘

Some mast. cells also showed tritiated DMBA. .




23

TABLE

Papilloma development in hairless
llttermates
oil.

\4

(hr/hr) and their normal

(hr/+) treated with 400 ug of DMBA and croton

Days after DMBA

Number of mice with

application papillomas *
hr/hr hr/+

38 4/8 0/12

47 6/8 0/12

49 6/8 3/12

*

one papilloma.
living treated mice.

The numerator represents the number of mice with at least
The denominator represents the number of

TABLE VI

Papilloma development in nude mice with thymus grafts (Nu-tg)
and normal littermate mice (NL) treated with 150 ug of DMBA

twice per week for seven weeks.

Days after first DMBA

Number of mice with

application papillomas *
NL Nu~-tg
58 1/3 0/4
74 1/3 1/4
110 1/3 2/4
123 - 3/3 3/4
127 3/3 4/4

*

one papilloma.
living treated mlce.

The numerator represents the number of mice with at least
The denomlnator represents the number of
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It was, therefore, obvious that our experimental design
was satisfactory for the induction of papillomas in at least
one strain of mice that was devoid of body hair. Therefore,
we began to entertain the idea of a possible requirement of
an immune response as a prerequisite for tumor induction as
presented by R. T. Prehn.

Response of Littermates and Thymus-implanted Nudes to
7, l2-Dimethylbenz(a)anthracene.

If an immune response is required for tumor development,
then nude mice which have been immunologically reconstituted
by thymus gland implantation might be expected to develop

tumors.

In Table VI are listed the results of treating litter-
mates and thymus-implanted nudes with 7, 12—dime£hylbenz(a)
anthracene. The protocol used is shown in Figure III. All
of the littermates and all of the thymus—implanted nudes
developeq.one or more papillomas. Two of these thymus-
.implanted'nudes developed an apparent cafginoma from existirg
.papillomééu Both of these suspected carcinomaé became
uicérated'énd indurated grossly resembiiné a carcinoma.

These impressioné were not confirmed histologically. One

weak point in this group was the absence of nude mice that




FIGURE III. Protocol showing the treatment of thymus gland-implanted nudes (Nu-tg) and nor-
mal littermates (NL) with 7,12-dimethylbenz(a)anthracene.
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_ had not been altered by thymus-implantation or other means

of providing immune competance. We, therefore, decided to
embark upon an additional experiment which'inciuded nudes,
littermafes, thymus—-implanted nudes, thymus cell-injected
nudes, and thymus extract-injected nudes. .

Response of Nudes, Thymus-implanted Nudes, Thymus
Cell-injected Nudes, Thymus Extract-injected Nudes and

Littermates to 7, 12-Dimethylbenz (a)anthracene and Croton
Oil L

As mentioned previously, only one of these nude mice
developed a papilloma after one trea£ment with 400 ug of
DMBA and then twice weekly treatment with croton oil until
termination of the experiment. These results are listed in
Table VII and the protocols used are shown in Figures IV and

V.

All of the normal littermates, all of the thymus-
implanted nudes and all of the nude mice injected with thymus

cellsldéVeldped papillomas. The number of papillomas on the

littermates were not counted, but all had at least two pap-

illomas. - The seven thymus-implanted deveioped papillqmas‘in

two different sets. The second set of papilibmas developed

'after-the first set of papillomas had regressed. -
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TABLE VII

Papilloma development in nudes (nu), normal littermates

thymus—-grafted nudes

(Nu-tc) treated with 400 ug of DMBA and croton oil.

(NL) ,

(Nu-tg) and thymus cell-injected nudes

Days after DMBA NL Nu-tg Nu-tc N
application
28 1/24 0/7 0/5 0/21
31 2/24 /7 0/5 0/21
34 4/24 0/7 0/5 0/21
o5 5/24 0/7 0/5 0/21
38 8/24 4/7 0/5 0/20 -
40 10/24 4/7 0/5 0/20
41 11/24 4/7 0/5 0/20
44 13/24 4/7 0/5 0/20
45 15/24 LV éy 0/5 0/20
47 16/24 117 0/8 0/20
52 16/24 0/5 1/20
55 18/24 0/5 1/19
59 20/24 0/5 L8
66 20/24 0/5 T4 15
71 22/24 0/5 1713
- 23/24 0/5 179
76 23/24 375 g
83 23/24 375 1/ 8
88 23/24 3/5 0742
102 23/24 5/5 072
106 23/24 0/
107 23/24 0/ 0
109 24/24

Summary of data:

all NL developed papillomas
all Nu-tg developed papillomas
all Nu-tc developed papillomas

one Nu developed a transient papilloma,

this nude died on day 106.

* The numerator represents the number of mice with at least

one papilloma.

living treated mice.

The denominator represents the number of
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FIGURE IV. Protocol showing the treatment of normal littermates (NL) and nudes injected

with thymus cells (Nu-tc) with 7, 12-dimethylbenz(a)anthracene and croton oil.
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FIGURE V. Protocol showing the treatment of normal littermates (NL) and nudes with implanted
thymus glands (Nu-tg) treated with 400 ug of 7, 12-dimethylbenz(a)anthracene and
croton oil.
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The fivé nudes which received an injection of 5 X 107
thymus cells‘developed a total of 41 papillomas. These de-
creased in number after 124 days after the DMBA application.
The development of papillomas in the thymus cell-injected

mice did not arise in sets but as one continuing series.

The nude mice injected with thymus extrécts did not
tolerate this treatment very well. Out of sevén nude mice
injected, two were found dead in their cage four.days later,
two mice were found gasping for air the day after a second
injection was given, and one of these mice was having con-
vulsions and the hind legs were fully extended. A fourth
nude developed hemorrhagic areas on all four feet, the
abdomen and the tips of the ears. This mouse later died
with necrosis of all four feet and extensive hemorrhagic
involvemgnt. The last two mice lived for awhile with con-
tinued whole body wasting that was demonstrated by all of
the thymus extract-injected nude mice. .The nude mice con-
trols injected with normal saline did not show this.wasting

and death. Thus, the results of the experimént involving

thymus extracts are inconclusive.
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Assay of Thymus-implanted Nudes and Thymus Cell-
injected Nudes for Immunocompetance.

The four thymus-implanted nudes that deﬁeloped
papillomas listed in Table IV, were grafted with CBA mouse
skin grafts.n Three of these mice successively rejected the
CBA mouse skin grafts for average rejection time of 12 days.
The fourth ﬁouse was deemed a téchnicél failure as the pro-
tective cast slipped, allowing the graft to slip out of

the graft bed and, therefore, become necrotic. Two of the

"three littermates also rejected a CBA mouse skin graft by

day 12.

Five of five nude mice injected with thymﬁs cells (see
Table VII) were grafted with human foreskin. One of the
mice was accidently killed with the graft intact 26 days
after grafting without any signs of rejection. One of the
thymus cell injected nudes showed rejection of the human
foreskin g;aft at 20 days. It was not certain if thé rejec-

tion ‘was due to mechanical damage or immune rejection, so

this mouse received a second human foreskin graft:

The skin-rejection data are tabiitated in Table VIII.

Response of nude mice, nudes with thymﬁé"giand implants,

nudes injected with thymus cells and normal littermate to
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én injection of 0.25 ml of a 10 percent PBS suspension of
sheep red blood celis (SRBC) was determined by hemagglutina-
tion (HA) titers and hemolysin (HL) titers. These results
are tabulated in Table IX. The littermates and thymus
gland—implanfed nudé mice produced a high titer of HL and
HA type aﬁtibodies.

The nude mice which received thymus.cells did not proF
duce HA or HL titers significantly different fhan did un-

a tered nude mice in response to injection of SRBC.
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TABLE VIII
Skin graft response of nudes (Nu), nudes with thymus implants

(Nu-tg), nudes with injected thymus cells (Nu-te¢) and normal
littermates (NL). '

- GROUP '~ No. of ANIMALS GRAFT RESULT
Nu 1 Human -Retained
Nu-tg- 6 Human -6 Rejected
Nu-tc 5 Human ~1 died with

graft intact
-4 Rejected

NL 2 CBA -2 Rejected

Nu-tg 4 CBA -3 Rejected
1l graft was
a technical
failure
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TABLE IX

Response. of mice receiving 0.25 ml of 10 percent sheep red
blood cells {(SRBC) intraperitoneally. = =

GROUP SERUM .AB

HA HL P
4 Normal Littermates (NL) 480 560
5 Nﬁdes + Thymus Glands (Nu-tg) 384 384
5 Nudes + Thymus Cells (Nu-tc) 52 130

4 Nudes (nu) : 50 14Q 




DISCUSSION

There have been numerous reports in the literature that
have given evidence that an immunesurveillance system pro-
vides protection against neoplasms arising in the body.

This theory supplies é simple explanation for the . reported
v

high incidence of neoplasms in animals and humans with an

impaired immunological system (1-10,21,22,27-28).

It would appear that the congenitally athymic (nude)
mouse would support the conéépt of immunesurveillancé by ex-
hibiting many spontaneous tumors arising in its body because
it would be totally lacking in protection against neoplastic
cells. By inspection, these nude mice have not been observed
to elaborate neoplastic‘tumors in our colony. This was a
surprise that required an explanation and possibly a ievalua—
tion of the immunesurveillance theory or at least some

refinement.

One explanation for the absence of spontaneous tumors
in nude mice is that they do not live 1long enough for spon-
taneous growths to develop. 1In aﬁ effort to- determine if
this was the reason nude mice do not exhibit tumors, we
tried to induce papillomas and/or carcinomas by topical
applicatién of the carcinogen 7, 12-dimethylbenz(a)anthracene

(DMBA). To our surprise, agaih, the'nudé mice so treated did
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develop papillomas (Figure I and Tables I-III). This result
led us to suspect that the hairless condition:of the skin
- might be contributing an abnormal charactef'ipvolving
possibly abnormal hair follicles or karatization which pre-

vented a response to the DMBA.

To test the idea that the hairless condition prevented
the nude mice from responding to the treatment of DMBA, we
secured another hairless mutant (hr/hr) mouse and commenced
treatment of this mutant with DMBA. These mutants produced
papillomas even before their normal littermates (hr/+).
Therefore, it was evident that our protocol should produce
tumors in nude mice unless something else was lacking to

.prevent a response to the DMBA.

Because we expected the nude mice to develop spontane-
ous tumors and certainly to develop many tumors in response
to topical_applications of a known chemical carcinogen,
which they'did not do; we then_qonsidered ﬁhe.possiblé

influence of some thymic property.

Nude mice that received'implantations.6f thymus glands
of injections of thymué cells ?roduced papillpmas-after'

1treatment with DMBA (Figure III and Table IV). These mice
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did not develop tumors as rapidly as the normal littermates.
The reason may be that the implantation of a-thymus gland
'reconstitutes a nude for some factors -of functions but not:
all. The nudes which reseived injections bf‘thymus cells
produced tumors after the thymus gland—impianted nudes.
These observations would appear to be substantiated by the
longer.rejection-time for nudes that received thymustcells
to reject skin grafts and also the lower antibody levels in
reséonseito sheep red blood cells as compared'to normai
.littermates.‘ However, the skln rejectlon time was approxi-
mately the same for thymus grafted nudes and normal lltter—
mates. |

The'thymus cell-injected nude mice produced approxi-
mately the same titer of HA and HL antibodies as nude mice.
The thymus celi—injected nude mice were able to successively_
reject skln grafts. This would suggest that a selected
- immune reconstltutlon results from the 1njectlon of thymus
cells whereas, a thymus graft rendered almost normal compe—
tance to nude mlce using  HA and BIy antlbody productlon as a.
measure of immune competance when compared to normal lltter—.~

:mates,
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We are nof prepared to say that the immune competance
demonstrated by the reconstituted nudes is responsible for
the induction of papillomas. We demonstrated that reconsti-
tuted nude mice rejected skin and produced aﬁtibodies against
sheep red blood cells injected intraperitoneally; these same
nude mice developed papillomas induced by DMBA. It would
appear that a thymus is a requirement for the induction or
development of some types of tumors. This thymic influence
has yet to be identified. The one unaltered nude that de-
veloped one transient papilloma would not be considered

significant enough to alter our contention.




' SUMMARY

"The treatment of congenitally athymic¢ nude (Nu) mice
- with a known chemical carcinogen, 7, l2-dimethylbenz (a)
anthracene (DMBA),_did not result in the production of
papillomas as one would expect in accordance with the

immunesurveillance theory.

Immunésurveillancé-in reconstitutéd nude mice was
shown by their ability to rejébt CBA mouse skin grafts or
human foreskin{grafts and by‘thelproduction of anti-sheep
erythrocyte hemagglutining or hemolysim type antibodies.
Nude mice were:able’to prodﬁce papillomas in response to
topical appliéation'of bMBA only if a thymus gland was im-

planted or thymus cells were injected;

It was concluded that the implantation of-a thymué gland
or the injection of thymus cells provided the nude mouse with
immunecompetahce.' The presengé of a thymus.appéars‘to be
required far the production of certain types of tumo;s;<
Thisﬂdées not neceséariiy impiy‘immhnecompetaﬁcé;.but may

poésibly be some'prodﬁqt elicited by a thymus.
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