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Early in the: development of the-embryo, cells losc

- : ABSTRAdr

thci}“dbfiity to differentiatc into any adult’ type of cell
and beccme determlncd A cell which has achieved a certain
degrce of differencxation can ultimateby reproduce to form
only a linited number of cell types along the original
line of d1ffcren€:§txon, for examp{e, a primitive mesenchymal
call can givc rise to onlv connective tlssues-such as
muscle or bone, H

| Apart from thc primordial gemm ceiigftthose cclls.

' which later agive rise to oocytcs in the fcmale and spermato-
cvtes in the nale), all cells have begun to spec1a112e,
with a conscgéént narrowinq of - their potent1a1 uery carly
in gcstationi. ) |

Tcr?tOhas are neOplasms which contain many kinds of
tissues which are foreign to the organ in whlch they arise,
Thcrcvjs conttovgrsy over whether these “tumours arise from
the grbwth of 'cells which have escaped early‘de;é;ppmenta}
_controlsﬂ or whnthcf'tﬁcy arise from the proliferatioh of
the only multipotential céil in the body, the germ cell.
Rather than foi;oﬁing theif nb;malipath of differcntiation

t=* to oocytes or spérng;?ZQxcs;thcy.might fulfil their

potential to form almost any kind .of tiasuc., Thus tumours

oy

composcd Of skin, bonc, muscle, nervous’ tissue, and qlandg

i1t
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are found in adult testes and ovaries. |
Since the qerm cells'arlse 15 thelembryonic yolk sac
and travel “up the umbilical cord to the developing gonads,
there is a- theory that these multlpotential cells may
occasionally becomc lost and much latcr, often in adulthood,
begin their proliferation ln sites along the nid11ne: at
the base of ‘the" ;pine, in the chest and throat-.
The'cxperfncnks in thistihesis cxplore‘an animal |
model in uhich'tefatomas can be produced‘oy the grafting of
- 7%-day mouse cnbryos to the -gonads of adult hosts.‘ Accqfding
to the literature the tumoﬁr which d?dglops as a result of

‘) o
' thisLOperation is’ 1denc1ca1-to_tho e arxslng Spontancously

i

'

in a highly inbred strain of mousé. Those experlmcntal

tumours which contain areas of undiffcrentiated tissues .can
. ! 5 .

be trqnnplantcd.to other hosts, sometimes retaining;thdir

-embryonic nature for many generations. .

-

”Hhole embryos devclop as. teratomas in up to 80% of
grafts’ to male. hosts. " The embr?os can be cut in such a way
thnt'onc half‘contains cxtra-Cmbfyonic material (that which -
cvcntually forms thc placenta) and also the yolk sac con-
talninq thc qcrmucclls. and - the othcr half whxch contazns

only sonatlc tissue.

-Grafts of the somatic parts result inftera}omas in )

74% of the testes, a.rate similar to tumours from whole

cmbryos, vhercas grafts of the extra/;nbryonic parts ¥

containing gcrm cells rcsulted in only 1 small teré;ona out -

~
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"In this experimental model,. it has been denonstrated

{)- .
that the primordial germ cclls of the enbryo are not res-
ponsible for the dcchOpment of the neoplasms, but :ather

it is the somatic cells whxch are giving rise to these

!tumoursg One must ask whether the controls which govern"

normal differentwatzon may'become faulty and allow somatxc

cells to retain or regain their plur1potential nature ..

making it posszble,'when cqnditions are rlght to proliferate

1.

-
"to form the ncnstrous tﬁmour, teratdma.
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o : INTRODUCTION

"A teratoma is- a true tumour or neoplasm composed

Tt

of multiple tissues of kinds foreign to the part in which

o

: it arises”® (Uillis, 1962a). The meaning of the word

5, e e
Aak I e Pelia T

teratoma is descript1ve of 1ts bizarre nature, lzterally

A L
PR

.,_,,..
et

e T O S W X SRR TR
o ) -

nonstrous tumour. Usually it COntalns a chaotic mrxture

of representatxves of all threce germ layers. Some common )
¥ ‘
components of teratomas are skin, cartllage, glands and

" nervous tissue, all of which are "forelgn to the’ gonads--a
- i " .

favourite site of thxs'tunour. »

In ran teratomas can be found anywhere along thc

. midlinc or in the qonads, .but thp main sites, in order of

G

freouency, are ovaries testes, anterior medxastxnum,"
“retroperitoneum presacral and coccygeal regxon (Willis.

1962&).

o

.\.:
other thQn man. Marmals in whxch gonadal tératomas have

‘ There have been reports of teratonas 1{ species

i

been descrxbed arec' the horse (Willzs and Rudduck, 1943),
e

- in which they ar occasionally found in testes removed in
routine geldin operations, the guineca pig 1V1nk,'1970),
and the mouge‘(Jackson and Brues, 1941; SteVens,ilgsl;.and,n

\ . . X . * 2
A e .

.Stevens and Varnum, 1974).

-t
R

Non-marmalian creatures in which the tumour has
been reported are the toothcarp (Stolk, 1959) and fowl

&

B



.~ from the embryonic to the MOre mature atageil Othera list

2

i

vt

!

. . @
reviewed by Guthrie,‘1964 and Breeler, 1959). Even the

plant kingdom is afflicted with teratoma, the crown gall

diaease {Braun, 1965).

Except for experimental breeding the incidence of

N
'iteratomaa in mammala is extremely low. For many gpecies .

i

f- ,of mammals there have never beén any. reporta orf the tumour.

 _The dog, for example, has been well investiqated,_yet

testicular teratomas have not‘been describedlin this mammal
(Stevens. 1967), and on1y|3 ovarian teratomas have been
reported (Hillis, 1962&) Heier et al . (1969) describe the

only case known in rabbits. Han is probably the species

}

most - prone to the deVeIOpnent of this neoplasm.
It iakdiﬂficult to obtain figures ‘on the incidonce '

of teratomds,because of difterences in roportinq.- Some
- ¥
reqiatries divide these neoplasma into several - groups. from

).r

ifforontiated 'embryonal' tumours to the more.

the less
hiqhiy‘ itterentiated teratomas (Miller and Seljelid, 1971)

to reflect differencea in the life history of a neOplasm,

"—-

' aeninoma as a separate entity, and the remaining tumour_

?
types come under'the heading of teratoma {(Collins and Pugh

1964) . . P

Although ovarian teratomas are morescommon than those

/in 311 other 1ocations IWiL}iaﬂ 1962a), they are usually

. well differentiated an& boniqn. In a.zpfyear review_of

r'd '

305 casea<(Caru:o etial, 1971), only 3% were considered

t
.

"- a B : H . Y o « ‘ : 2

N



malignant and more than 909'0f the total were found in women

-

over age 20. The averagekaQe_in Caruso's study was 32.

There have been many such studies, but none gives the
incidence of ovarian teratomas in the general population.

The second most common site for tcratomasﬂis the

testis, and beﬁéuse testicular carcinéma is a -leading caqfe

. bf cancer deaths in ydunq men (Mostofi, 1973), there are ﬂ"

many more.statistical records in the literature than. for _
its female counterpart. The incidence rates are reviewed
by Krain (1973) who conparcs data from the, Cpﬁiforn&p

.‘) Jq o
Tumor Reqistry with those of other state§ End éountries.

There. is a blmodal d1str1but10n of testicular cancer rates

(all histoloqxcal descr1ptxons xncludinq seminoma) "with
peaks at aces 25 34 and 75-84 years The 1ncidence rates

of" tcstlcular tumours per 100,000 ﬂalcs vary greatly:

e

1.4 (Isracl), 2.1 (England and Wales), 2.6 {California qﬁd b

o

Connecticut), 5.3-(Dcnmark), ‘and 6.3 (Copenhagen). Iﬁ

¥Norway the average incidchée'is 3.5 per 100,000 per year
(iller and Seljelid, 1971).
- I '

The mortality rate for testicular tumours in American
children aqcs.o-to 14 who have not.reachcd puberty is less
than 1 ;cr million pet!year (Li and Fraumeni, 1972). There
is an age peak in 1nfancy in wﬁich 51% of the decaths iﬁ.the

O,to‘S age group resulted from cmb;ypnél carcinoq%._ In

contrast to the highly malignant testicular teratomas in.

adults, most teratomas of the testis in infants and young

-



AT,

~ usually benign (Willis, 1962b).

T

. .
- Lo
.
& ‘ r
. N
.
.

‘children are beniqn (Abell and Holtz, 1963). - ' .

Apart from the gonads, the most common site of .
teratomas is the anterior mediastinum. ”Tu@ours in this
location are usually not detected untilzaduiq§4ifé’an

are generally malignant (Martini et al, 1974). Whether

teratomas in the anterior mediastinum arise de novo or as

’

. the result of metastases from the testis is an open question.

Martini et al (1974) suggest that Becausé 8 of-35 patients
in éheifiétudy.weéé femalc, these tﬁmours origihhte§ in )
thc'mcdiastinum. They do nof say whether the go;ads were 
inspected fqi'scarring. | ‘

All other midline tcratomss are. generally prcéent.
at birth or are discovered soon afterwardé (Pa?thWJand
Taybi, 1971). These tumours are located in the retro-
peritoncun, nrcsécra}kand cdcéyqedl reqions, and-tﬂey'are

o In addition to thesec nore common'locagions, teratonas

have been found in sonme unusual sites. There have been

"rccent”rebortn of these rare tumours in ‘the face (Gifford

and MacCollum, 1972), eye (Barber ct al, 1974), tongue

(Bras et al, 1969), heart (Cabafias, 1973), kidney (Dechner, .

_ 1973),'utcriné tube (Mazzarella et al, 11972}, and piaccnta'

(Joseph _and Vogt, 1973). | -

. _ .
There have been many conflicting hypotheses on the

.ctidlogy éf-ge;dtomas, and cven today rescarchers are not in

! 2
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. $igns and ﬁihally to teritomas.

agreement. Because of the variation in morphdlogy and
- - F . .

3

‘distribution of this tumour, it is difficult to postulate

2

Fa

- T

an explanation of its origin. ) ' . -

"

-

s Some inatoré divide teratomas into two groups--

.gonadal terato apd their metastaseé, and extra-qgonadal

o

 teratomas--making 1t posSlble to put forward a dlfferent

thcory for each grouo. Usually fetus in fetu and con301ned
tvins are excluded from both groups, although Potter (1961),
and others, would include as teratonas these abortive

attcnptr at thnnzng. She feels there is a natural

w

proarQSSion from normal twins to con301ned symmetrlcal

,’gwmns, asynmctrical twinsy paraSLtlc fetuses, fetal lnclu-

. . :
Thoge who' exclude fctus in fetu do so because these

tissues have no ppwers of pfogressive neoplastic growth,
whercas tcratonas‘maffcontain mikturés_of embryonic and
*differcntiating tissuc at all ftages'of'maturity. \Others.

exclude fetus in fetu and thnning from teratomas by the

N
critcriog\of a vertebnal ax1s. Tcratomas luck a spinal

" axis and nosaess no organo or sys tcns (P31 and Rae, 1966). .

It La tth proqrcssxon which led carly workcrs,to

s

'suggest that tcrétodas, particulariy'those located ﬁeat the

“”basc of the qpinc, were the result of abortive attenpts at

twinning. Ccrtaxnly these sacrococqlgoal tumours originate .

during chbryonic lif?, as they are almost always dctected

LS =

at binth.(Vacz-Zadeh ct al; 1972).

-

b

&
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A theory based on' SPemann's work in\déveldpmental
biology was'advanced'by Askanzy in 1907 (reviewed by Piercc'
A
and Dixon, 1959) ‘He belleved that either a single cell or.a

grouP of cells couldlrcmain undiffcrentiated and dormant for -

T
t

years, and then comnence .growing and differentiating.. This
hypothesxs,1s not 1n dlsagreement with an earlier-thebry of
Bonnet that:- teratomas originated from 9lastoneres mlsplaced
during the cleavage nerzod.

| In 1926 Bgddc hypothesiéed an oriqin_frq@ foci of
plastic nluripotent ombryonii;z:fsué whiéh have E§gaped

from orqanizing influences da g the primitive strcak étage

of development (reviewed by Stevens, i967)u ‘The evidénce »

for this theory is éhe location of'tﬁratomgé.along the
midline. where dlsturbanccs 1n the cells 1eav1ng the prlnltlvc
strcak ﬂtht be cxoccted Thls theory has had thc support,
of many rcscarchcrd (hxllis, 1962a; Colllns ‘and' ‘Pugh, 1964)

“and is still wldclv hcld

0

l The most recent theory .on the o;igin’of teratomas

has déveloped'fcom'our,in;rqaséd knqﬁlédgc of cmbryological
dc&glbpnent and some:df_thc newer technidqcs of studying.

the growing fctus. Using 23 sb%iglly sectionéd human.
cmbryoé£~wits§hi {1948) first described ‘the migration of |
priﬁogﬂial germ cclls9§ron'£hq yolk sac endoderm where they |
are fifSt éccn, up the stalk of.thc yolk sac into tﬁe

hindgut and fxnally into the dcvcloping gonads. Tﬁis'work

'i_was latcr confirmed by other 1nvcd¥igators using hlstologxcali

[l
1
;

\
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techniques (Pinkerton, 1961 -<human; Mintz and Russell,

1957 - mouse). : /ﬂ\
The chcorﬁéthat qonadcl‘tcratomas are derived from
germ cells has becomc“vefy popular (Dixon aéd Moore, 1953;

Stevens, 1962, 19581. Non—qonadal teratomas, according to

this theory, arc derived from ectonxc pr1mordia1 germ cells

(Friedman, 1959). H1ntz (1960), workxng with the mouse,

‘OCCE&ionally noticed germ cells straying from tﬁeir usual
pathway. ’ > . '. ‘ 3\\\\\.'
Arqumcnts for a somewhat differgnt germ cclr theory
have bﬁ%n reviewed recenxl; by Ashley 41973) - He suggests
. that gonadal tumours arise by pifthcnogchSLs from 'haploid
cells, probably by the qulon of two such cells.’ All
extragonadal Eeratona; are explained as,1ncomplcte con-
ﬁoincd twins;l | | ..
Evidence for parthen0qcncs:s in man is the findlng
of, chrOﬂatin poritivc cclls in test1cul&§ teratomas of
adults (A9hlcy and Thciss, 1958; Dayan, 1963; Koch, 1570;
chrs, 1959-'Taylor, 1965; ThCISS ct al, 1966)' These
workcrf suqqest that - th%s female sex’ chromatin pattern
supnorfq the hypothesis that testicular teratonas arc Ehe
result of conjugation of haploid cells. On-the other hand
Atkins (1973} found fluorescent Y bodies in all 12 malignant
testicular tetatomas in his study indicating the presence '

1

of a ¥ chromosome. Few karyotypes of testicular teratomas

have been made becauic of the difficulty“in obtaining

L

™~
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aatischtory preparations from soliqléumoursw ‘Ip”an analysis

of 3 testicular teratomas, Rigbf\(1968) found all the

[ LI

diploid cells. &bre ﬂale 46 XY, although nodal chromosome

v

.numbers ranged from 52 to 58. Slmilar rcsults were obtalned .

by Martineau (1969) in a ‘study of B testicular teratomas.

Recently an. inbred straln of mouse has been dlscovcred

in whiqh.about=ha1f,the females have ovarian teratocarcinomas

(Stevens and Varnum, ,1974). The authors have shown that in.

. - R ~ \/‘ , X
the LT strain teratomas originate from eggs that develop
. . & . N . ;
parthenoqcnetically within"the ovary.. The eggs developod

in stages similar to those of normal mousc cmbryos until they

rcachod the stage of 6~ to.7- day embryos, at wh;ch_tlme

thcy became dxsorganlzcd. : : ..Tx'
- . - -1 r.;.I_ ot

~

R
1 .
©
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An animal riodel for the study of ‘testicular teratopas

" [

has been developed by.StpvenS at’ the Jackson Laboratories
. . N ' ‘
in Bar Harbor, Haine. These tumours .are very rare in mice,

exccnt for xnbvcd Qtrain 129 in thCh teratomas arise 1in

10t of male nmice. Hanioulatxon of thc genonc through

breeding experiments has produccd this highly susccptxblc

-

.3trnin_(5;cvcns and Little, 1954; Stevens ano Mackensen,

1961). Incorporation of the steel-J (S1Y) locus onto the

129 background doubled the incidbnoc from 5 to 10% in second

k]

and later litters (Stevens, 1966). More recently Stevens

(1973b) has described a new subline, 129/terSv, in which

!



'about 30t of the malea dev010p spontaneous congcnltal
| testﬁ&ular teratomas. ) -

The incidence of tumours is the same in fetal mice
as in older ﬁicg, and Stevens {1959,.1962) suggests that
fégticular teratpmg$~ariée with{n the tubules of mice during
embryonic life andfﬁhat they mayﬁbe derivgd fro@'the‘

' neoplastic transfo;mationﬂ%f.primg;dial germ cells.

. Unlike. human testicul
Q
teratomas rarely metastas

teratomaé, these murine .\Q Lo~
(Stevens, lBE}b),‘althoﬁgh d |
tranaplantr occas ionally develon into rapldly growing
tumours, consisting of undxfferentxatcd cells, which can
_ﬁbe cénﬁcrted to ascitic form_(Piércc_and Dixﬁn,”1959).'
That these uﬁdiffercntiatej{gglls are pluripotent and,
.cSpablc of nroduéiné nost df the ;onatic tissues. of the™
body was clcarly shown in an in vivo cloning tcchnlauc of
'chinSWith and Picrcc (1964) - They dissoc1ated cells of
small embryoid bod105 taken from a transplanted tcratoma
of strain 12§ and i;plaﬁted single cells directly into.micc.
2 Tﬁmourﬁldeveloped which éonfainéa, in addition to the
original cmbryonallcarcinoma type cell, qé many as l4 Qell-

differentiated tissues. . -

‘Testicular teratomas have been produced by the
grafting of 12- to l3-day malc'gcnitifbridgés to adult testes
(Stevens, 1966, 1967, 1970a). : Teratomas devélopcd within

the fctal testis in up to B2t of the grafts to strain 129

| ) ‘
1 & i



ané A/He ﬁosts. Genitai ridges of hibfid male emﬁryos
- developed teratomatous foci in 97% of grafts {Stevens, 1970b)
.Only histocompatible grafts were made, . and these were
recovered after 12-d#yé

Ridges from female mice developed in£o ovaries
without tcratomas (Dunn and Stevens, .1970} . Some strains
are not susceptible to teratocarcinogenesis; Stevens graftcd
' 122 ggnital rldgcs from C3H fetuses to adult testes, and
all developec into vvaries or testes without teratqmas
(Dunn and Ste gﬁé, 1976).

Genital ridgés grafted to nonscrotal sites such as
the iiver, ¥idney, and splecn developed tqratémps,;n a
5ma11-percemtqée-ofxcasc%.(Stevéns, 1570&). Although a few
teratonas were produced £n qfafts of mglezgenital ridges
tplthe ovaf%an fat:pad,.no'qraf;s to the ovary itself were
' made. | - |
‘ ’ | | |

Grafts.of tubal eggs to ectopic sites usuall} result
in drowtﬁs o‘ only extra-embryonic tissues (Kirby, 1961).
Accordlna to Billington (1965}, morulae grafted to the
testis never gave rise to cmbryonlc shlcld derlvatlves'
bothrdonor and hoat micc‘werc'from a randomly breeding
éblony: However, St;vcns (196Q)‘graftéd 2-cell and 4~ to
8-cell mouséiembryos to adult testes of straih_129 and found
_embryonic derivatives in 7% qf'éhc'ﬁcstes with 2-cell grafts

and 83 of testes with 4- to 8-cell graftg. No embryonic
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derivatives were seén-in simtlﬁr'grafts to other strains
l(A/HeJu C575LY. (All of the gfaftiné experiﬁengs reéorted
by Stegeng“We:g;to'ﬁistoconpatible hosts.} Some of the |
grafts which weré‘left 50 tg 60 days cohtained uddifferentié*
ted embryonic cells and immatur? tissﬁés. They looked.

grossly like teratomas and were- regrafted to.other hosts,

‘behaving as spontaneous transplantable tumours with a

mixture of undif%crgntiated and mature cells for five

L

t;;nﬁplant gencrations (165 days),

.

Testicular teratonas:have also been produced by the

grafting of older cmbryos (Stevens, 1970c). * Of 647 3-day .

' -blastocysts.graftcd'ﬁp strqin'129.and“129 x A/Hle hosts,

99 were recovered 39 to 60 days later. ‘Of these, 36
c&ntained undiffcrentiétcd_cells. Thfee of these grafts
were f;apsplantcd for mggy-6eneratiohs-rctaining-somc
undi{fcréﬁtinted tissues., * -‘S

Six-day embryos were grafted to strains 129, A/Hé;
and Fﬁcir'?i hybrid (Stevens, 1970c}. Of those‘rcéovered
between 30 aqdvgo days ?htcr {115 out of 190), 112 _.
‘contained cmbfyonic derivatives énd 4 were transplantable.
One growth derived from a 6fday1blastoéyst metastasized to
tﬁé left renal'lymph node and formed a larjg mass “‘of neural
tissue. This tumour was-transplanted for more than'40‘

~

‘aenerapions and still contained undifferentiated embryonic

'~ célls. - R e e

I3

According to Stevens (1973) transplantable teratomaé

-
<
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rtgﬁdcrived from 6-day embryos are iﬁdistinguishable_from those

‘«derived from spontancous teésticular teratomas. Evans (1972)

has reported the ibolati;n of pluripotent stem cells from
solid tumourf derlved from the 1mplantatlon of - 3-day embryos
into Ehe adult testis. These embryo—dcrived tumours, whlch
hqq'bccn nmaintained by solid subcutaneous transplantation
for Qevcn aenerations, werctminced and trypsinized, and
cloninq was pcrformed w;th the resultinq 81nglc cell
suspcnsion. dn inoculation ‘into the mohqe flank tumours

deve loped ah}ch contaxned at Lcast ten types; of‘tlssue as

—wcll as the or1q1na1 plurlpotentxal stem cell.

- 1]

Some strains are rc51stnﬂt torteratocarcznogenQSLJ.
4

-Dunn and- SteVQns {1970} graftcd 120 6- -day C3H enbr)os to

adult tedtes, and only 6 gave rise to transplantable

L '

teratonas. : .

L Y

- Karyotypes of 8 tfansplantablc'teratomas'derived

*

from early nnusc cmbryos havc been made (Dunn and Stevcns,

1970). Half of the tumours had a male, karyptype and half

were female. Spontaneous testicular tcratomas arising in

strain 129 have a normal nale karyotypc and a modal number

" of 40 chromosomes (Stevens and Bunker, 1964).

Other workers have produced teratomas in mice by

~the gfafting of early embryos. Solter et al (1970)‘graftcd

7H-day CBH/H egg cylinders to the kidney of male mice of

thc samne strain. Teratowas dcvcloped in 21 nice thhin 2

to B months after grafting. Six of the 1arqcst "tumours weré
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electron nzcroscopy. They contained undlfferentxatcd cells

sutccssfullv transplanted under the fenoral fascia of

syngencic mice (Damjanov et al, 1971) and examlned by

\.
N

typical of cnbrvonal carcanﬂa occurring in the human testis.
Small teratopas -were .not transplantablc,and were composed .of

onl? differenﬁiated adult tisﬁues;

[

& -

Oon rcviewiﬁq the literature of spontanecous and P

experimental teratomas, several questions come to mind:

Can tcfé;omas be ;produced in the ovary?

What role does thc(hasttissuc play in the

experinc&pal productiqp of ﬁcsticular_tcratomas? o

H

N i ,
?_ Arc donor or host spermatogonia capable of
‘ . A N . o
teratocarcinoaencsis? ‘ . o

A

/

Do the germ cells contribute to the production of

these tumours? : KVJ

-

4

The experiments rcportcd 1n this ghcsxs were

- dcsancd to explore thqsc ‘areas and .determine some of the

! /
. . - i

t
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factors ‘involved in the experimental production of gonadal
teratomas in mice. Experiments have been divided into th{gg

sections: : o R

a

_/ L | , s

*

- - T
. . s § T
Section. A  Production of teratomas by the grafting of whole :.

embryos to testes and ovaries of allogeneic

mice

- Section B Expcriments determining the contribution of

testicular tissues in teratoﬁ{'giowth

~

Section ¢  Experiments dcsigned.tq%de{ﬁ;mine germ cell

participation in growth of teratomas at.the

embryonic stage investigated

T -
[ ) .
. H
. -;b y o
Tis - . .
k .
~e

3 .
. -

Ea&h section will have a brief introduction and a di@cussion.r
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" SECTION A .

Production of tcratowas by the qraft;ng of wholc embryos:

\
to thc testes and ovarxes of mice

Experirment I

Experinent II

S

\L

The graftlng o‘ CIH/F X ICR cnbryos to the,

tcstcs of ICR C3H/F and CBH/F X ICR ants

-
e

o
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¥
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_ (Bkreb ct al, 197

C3Y/F and ICR. Lo

Introduction -

The strains in which teratomhs‘havé‘been readily

rproduccd by the qrﬁft}nq of mouse Eﬁbr&oé afe"1292 A/lie

and thqiy‘hybrid’(Stévens,llS?Oc): The greatest perbcn— R

tage of‘qfowthé was obtained‘wheﬁ the hosts were hybrid. =

¢

In the fpllbwgqg cxperiﬁents F, hybrids and both -

1
éarent strains were used. as hosts. The hybrid animals
were the rcgult of matxngs between C3H/F females and ICR

males, two strains whxch have not prevxously ‘been tested.e

CIN/r is an 1nbrcd ﬁtraxn with a brown coat colour, whlle

‘,ICR is a randomly bred white mouse..c

- All of‘thgugrafts of 6- and 7-day embryos in the

E}

: litcfaturc were histoconpatible. c‘t:even" (1973a) states,

qrafta og cﬂbryonxc cells are rapxdly rejected when

hintoconpatibllxty dxffcrcnces exxst.ﬁ_ There has been a

report of allogencic q?'fts to the kxdncy in the rat

Hht it waw'1nspectcd aftcr ~only

18 days.» T  ,!.
Ty : k S
-Thciécétis is.thought to he ‘iﬁmunoloqically

priv1lcced“ qxwlnq some protcctxon against- rejectxon of

alloccneic arafts (Billzngham and Sllvers, 1971; Patrlck '

et al, 1972). Inrordcr.to dctnrmine.whqther teratomas could

be produced in testes of incqmpatibié hosts, hybrid embryos

werc"q}aftcd to ﬁhc'tcstcs of the.two parent sggains:

A

’ . .
, .
N A
v
. y . "

-r
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There have been no reports of teratomas having been
" produced -by the grafting of embryonic tissue to the ovary. '’
Because it is the commonest location of teratomas in man,

the ovary was tested as a graft site for experimental o

teratonas. , . . - : o

o

~J
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.Materials and Methods

¢

Experirment I « g

"ICR §ﬁd C?H/P,mice:{;re obtained from Health

Research Labdratgry in Buffalo. Hybrid animals were pro- .
duced by mating C3H/F females with ICR males. (Thfoughopt
this thesis ”hyﬁrid" wil1 mean the Fl gene?ation'of the -
“cross between C3H/F females and ICR males.)

| Embryos to be. used as grafts were: obtained by
SUpcrovglatinq"CBH/F fem ies with'follfcle stimulqting
rﬁormone (Gestyl, Organon) §nd chorion?q_gonadotropiﬁ (CG)
-(?ollutciﬁ, E. R. Squibb and Sons). These fcmalcs'wcfc

then placed in cages with an ICR male for a two-hour period

ib the latc™afternoon, 7 to B hours after the CG injcétibnu
- £ . » o

That following morning was.dcsignatcd as day k if a v;:\ginal
plug wds'scén. Scven aays later the uterus was removed and
placed in Hank's balgnceﬁfsalt solution (G;gnd Isl&nd‘
"Biological C?nnanyrﬁ Th;rc were ysually bctweén 12 and .
20_Lﬁp;;ﬁtation sifes in each u£ rus. 3555{12 23 gauge
nccd}?s were usced to freec the cng}yo'ffom the ‘decidua and
to réﬁove Phé trOphoblhs; and di;;al endodern (Plate 1, ’
Fiqures 2-4). N | ; |

Hosts were ancsthetised with ether (Mallinckrodt) -
and téstes.drqwn out through a midline incision in the skin

{

" and abdoninal wall. A siliconized hicrOpipette (made from .

: .18 L
1) ) o ' ' ° : ) \

L
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The skin wa$ closed with clamps.

£ ~

£

.
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capillary jqué)'containing a single embryo in Hank's

solution was inserted in edch gonad and the embryo eipeiled.

Strains use&‘qa hosts in this.experimeént wefe-ICR,‘.

C3H/F and their hybrid, all between 7 and 16 weeks of age,.

. In Scries A the right testis was used as a control and® .-

given an injection of the balanced salt solution. Embryos

were qrafted to both testes in Series;B:'

[
\

5 ) ! : bt . ) . -
All testes were removed dﬁE“TSREh after implantation

and fixed in Dayidsdn's solution (20t formalin, 35% alcohdl,
10%.qlacial acetic acig, 35% distilled water) for 24 hours.

After fixation the gonads were cut in halves or thirds and -

- -

put through graded alcohols (70% to absolute), cleared in

' . ‘ . x
terpineol {Sargent-ilelch) and ‘embedded in paraffin (Paraplast,
Sherwood !edicai Industries,'melting point §69-57°C). The

tissuc was step—se;tioncd,at 10 « and st&ined_with hematoxylin

,(Rﬂrlich's Oriqinal Formula, BDH -Chemicals) and- cosin (BDH

Chenicals). "Mounting -medium was DEPEX (George T. .Gurr). -

—_

[}
r. LYY
e b

Experiment II | S | .

Embryos qrqfﬁcd to ovaries were obtained by the
. ‘ N

" procedure described in the previous experiment. Hosts were

B

ancsthcb}sedowith ethér and.a single incision made in the
8kin and dorsal bedy wall over cithér,thc rigbt or left
ovary. A single cmbryd'was cxpc1ipd into the gorniad and '

the skin:clamped.
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ne obaryvin cach’ host was treated using equal numbers

" of left a right ovaries. The remaining ovary was left
iptact (and used as a éontrol) in grder‘to ;QQid making a
second inc@sign and prolonging the time under anesthesia.

A monfp latér all ovaries were removed aﬁd fixed in
-DaYiason;s 501uti$nr‘ Thc:aéxt day. the gonqdé were cut in
half and'proccssgg for histological.examination using the
method- described in'the first experi%cnt. Ail‘ovariqf were

serially gectioned.

e - | _ ' \



21

Figure 1

g

Pigure 2
)

Fiqure 3

Piquré 4

u

b

-

of trOphoblast and distal cndodcrm

. Embryo of 7% days® -gestation situated in

the_decidua whfch has been cut in half

s x 20
Embryo after removal from the decidua,
trophoblastic tissue and distal endoderz
}ntac; o
o | . x 80

4

A section.df_?%-day «xbryo, as above,

with intact cﬁdodcrm_and trophoblast

Fmbryonic conc, 75 days, after rcnoval

o

< J T
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Results .

Experiment I . LN

The results of grafting embryos to adylt testes are
'presentcd in Tables 1 to 6' The growths obsé ed were
classified as teratomas- uhen tissues were found hich are
not nornally preqcnt in the gonads, accordlng to the defini-
tion of Hillis (1962a) These tissues commonly included
cartilage, bone, nervous tissue and glands (Plate 2).

¥then only conncctnve tissuc, small lymnhocytcs,
hemorrhage or necrosis were prcscut, the appearance was
classificd as"réaction' {Plate 3). | ‘

‘Because the.wholc gonads were not serially sectionqd,
it is posasible that some small growths were missed. Hé&evér;
thi's scems unlikely because teratomas (801) or "rcéction“
(14%) were found in 94% of grafts to hybrid testes (Table 5},
pfovidind cvidence of the high prccigion in placing donor ”
cmbryo,. |

' The frcnuoncy of tcratOﬂas was nuch higher uhen both
the donor and rccipicnt were hybrxd than whcn grafts to ICR
and C3H/F mice were made. Hybr1d cmbry05\99vcloped lnto_.
icratonad in 7él-of hyﬁrid hosfﬂgcstes, 50% of CJH/F testes,
and 40% of ICR tcntcs (both Serics A and B). The right |
. tcstis secned qliqhtly more recaptivc than the lcft thh
teratomas arowing in the right testis only in a tota; o{g?]
hosﬁsoandAin the left tcstPS'only in a total of 12 hosts.

) '-22._ 7  -
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Sizes of the growths varied greatly, affecting not
-

only the proportion of displacement of normal teséﬁcular
Istructurcs,_but the total volume of the testis.™ The—greatést
'diametcr of the testis was measurcd throggh a Cross scction‘
.using an eyebiecce micromcﬁcr. fhese measurements are
'summarizcd in Table 6. The hybrid testes coﬁtaining
teratoﬁaﬁ showed a marked deviation from the normal, in
particular 05 the right side. The median size of this
qroup was 6.8 rm and ranged up to_lB;Simm.

| . fh; occurrence of small lymphocytes in association
uiﬁh_the teratomas was recorded. They were present in
80 to 90% of te:atoﬁas in all hosts of Scr}cslh and ﬁ.
There was noiippaiznt difference -in frequcncy of occurrence

or intensity of lynmphocyte infiltration between either C3H/F

_or ICR hosts and the hybridjhosts.

-
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Figure 2

Fiqure 3

Figurce' 4

y[hair, muscld,'bbnc, cargiiagGland’fat

Testicular teratoma in ICR host containing.

cornified epithelium, colunnar epitheliun,

.

K view of the rectangle in Figure 1 at a

—

‘higher magnification

. N,

‘ _ Y .
Testicular teratoma in C3H/F host

- ’

containing connective tissue and. cartilage.

- o | " x 100

Testiculé; teratoma in hybrid host ccm_oséﬁ
of pndif%crénﬁiatcd mesenchymal tigéuc
‘epithel£ﬁh, nésté;of cartilaqc,-bnd bone
with marrqw |

- - x 100
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Figure 2

U +

. N\
Réeaction in ICR host with a large
- ! '

_hemorrhage containing cellular.debris

x 25

Reaction in C3H/F testis consisting
of connective tissuc with lynmphocyte
infiltration ' -

x 25

IR
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ﬁost htraiﬁ=
No.-of hosts
Tcrﬁtoma
_éqactiop

-

o tunour

TABLE 1

~

Frequency of teratonas arising ﬁrom_grafts of 7%;day

embryos (C3H/F X ICR) to the 1eft,§E§F£§ﬁ9912#1:§9£§?§_§_

26

ICR C3H/F Hybrid
15 24 . 14
5 (33t) 16 (67%) 10 (72%)
i)
6 {40%) 5 (21%) 2 (14%)
4 (27%) 3 (12%) 2 (14%)




TABLE 2 : (

‘ ‘ - ' : . '
Frequency -of teratomas arising from grafts of 74-day
embryos (CIH/F X ICR} to both teates of strain ICR -

- JScries B

-

- ICR

?

No. of hosts . - © B2

‘ Left -, |- - Right
O "o . -

Lo £ , S
Teratoma Eoo20 vy - | 23 adn

-5
i - ] . . Lt ) . ':;'f
peaction - .| - 25..(48% 20 (39W)
‘ . - ¢ ’ . ' . . ' o

Ho Tumotr 1. 7. wa3wy o, | s am

 Teratoma imw . ' o C |
ohe testis only 5 : N 8

“No. of.hosté with . ‘ :
at lcast onc teratoma » - 28 (54%)

)

RN

o



Freduency of tcratonas arising frém grafts of Th-day .,

embryos (C3H/F X ICR) to both testes of strain C3H/F -

/

Ya. offhosts

Teratona

Reaction
No tumour

iTeratona in
one tcstis only

a

/
ﬂo. Jf hosts with

at lcast one tcratoma'

TABLE 3

ror

Serics B
T
PR C3R/F
32
Left Right
11 (35%) 15 (47%)
17 ~(53%) 13 (41%)
4 (12%) o 3 - (128)
: :
5 .9
: 20 (62%)

28



TABLE 4

Prequency‘of toratonmas arising from grafts of T4-~day

embryos {(C3H/F X ICR) to both testes of hybrids™ (C3H/F X ICR)

Scries B

‘ Hybrid |. ~

<
No. of hosts - | 25

Left - . Right
Teratona 18 (72%) 22  (88%)
‘Reaction o s evn) N oo 32w
o tumour h . 3 }121) 5 _ 0
"":?a . . ) . s
o, : -

Teratona in . .
onc testis only : 2 . .6
Ho.'of hosts with : : _ ‘
at least one teratomna . 2{ (96%)
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TABLE

"

L]

summary of Tables 2,

;\1\

fFreéucncy of tcratomas arising frgm grafts of 7k-day

.embryos (C3H/F X ICR) te both testes of strains ICR, c3u/).=' .l

]

*

No. of qrafts (to both
" left and right testes)

“Teratoma 5

Reaction

*fi/ ‘

?

No tumour

No. of hosts with at
least one teratoma\

3 and 4

L

30

e
N
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/'

and their Fl hybrid - Series BH) 7
¢ ( .f/“'“"'“‘\
. \\/
ICR C3H/F. ybr1
104 4 “\\
€%§ ' \\\
. {
43 (41v) 26 (41%) ‘wﬂil/
45 (432) 30 (47%) 7 (14%)
K
16 (16%) g8 (12%) 3 (6%)
_'{_
28 (54%) 20 (62V%) 24 (96%) |
_ .
. o
& ‘.
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Mean dianeter of
control testes

Series A

~Mean diamcter
of testes with
teratomas

Ranqge

© : -

Series B -
Moan diarcter
 testes with
cratonas '

Left -

‘Range

Righ£

%

-
TABLE 6 \/*"/
Diameter ofntcstes'in miilimctcrs
‘ICR - C3H/F Hybrid
5.0 4.0 4.8
¥
4.8 4.7 5.8
4.2 - 5.2 | 3.6 - 6.2 -| 3.6 = 7.3
. \
g
1+]

;5.1 4.1 5.8
3.7 - 8.0 3.6 - 4.7 | 3.6 - 12.6
5.3 4.2 7.3

3.6 -"5.0 | 4.2 2 13.5

Ranqge

4.2 - 6.5

31
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" forentiated tissues - cartilage, bone, muscle, nervoﬁs

L

Experiment II

-

Teratomas developed in the ovaries of only 4 C3H/F ..

females used and in 5 of the hybrids, 14\ and lzhl'regpec-

tively (Table 7). ‘gince 2-of the latter were located in
¢
. . . \
the fat pad, 1t is possible that many of the. cmbryo xmplan%s

were not successfully pcrformcd partxcularly in the young
hybrids ﬁhosé smal} ovaries were more difficult to
penetrate with a micropipette.

,,The”remainihq 3 growths in the hybrids were in the
3 .'7! . )

right ovary énd contained a large variety of well dif-

tissue, and skin with hair follicles and scbaccous glands. o

Two of these were large, 5.5 mm and 6 S mm in dxamcter

[ . ’
[N

(Platc 4).

/j‘ Lo

- of thc 4 C3IH/F tumours, 2 were located in the left

ovary and 2°in the right. All were 1.4 mm in diameter and

contained cartilage. Othcr tl”sucﬁ-prcggnt were bo?F\

Py

myscle and snall lynphocytes.

.- 7 ) o . ) &
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Figure 1

.

Figure 2

‘mesenchymal tissue

PLATE 4

Cystic ovarian teratora in C3H/F X ICR

e
host containing many epithelial cysts,

nervoudbtissuc. and undifferentiated

A higher magnification of the rectangle
in Fiﬁurc 1 showing connrective and

nervous tissue and a blood-filled cyst

— x 100






Frequency of teratomas arising from grafts of 74-day

.-

embryos (C3H/F X ICR) to ovaries - one side only

Yo. of hosts
Tcrhtonn
Peaction

NOo tumour

93H/F *Hybrid
29 40

4 }141) 5 (124?)
9 (31%) 5 ,(1?"”
16 (55%) - So (75%)
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Discussion

It has been shown that bb;h malignant and beﬁign
tuwnours can be qgrown from embryos transplanted to extra-
uterine site;rb? an adult host.(Stcvens; 1968, 1970c; E
Solter et al, 19?0}. Thc‘maligﬁih; tumours, called terato-
carcinomas by thésc workers, attain a large size during
the first two months af;ér implantation of the embryo ana
histoloqicallﬁ-contain undifferentiated célls. Although
they rarely mptastasiic, these teratocarcinomas c§ntinue
to grow and cventually kill thc host.

: Smaller embryo™derived tunours usually stop growing
by six weeks after qrafting and are composecd prcdonlnantl)
of mature sc?atlc tissues. These benign tumours are ;alled
teratonas, aithéuqh the two:terms arce uscd intcichaﬁqehb‘y.
.“ho qro sthe produccd in this study arec of-the bcnxgn type.

One of the factors which control the qrow‘;’and .
dovelqgneht of this embryonic tumour is a qcnetlc predxs- \
position. In nteviou§ invc;tiqations of ‘experimental
terato*nq derived from embryonic qraftq, onlv‘g-few strains
have been tésted for their qu'ccptlailxty, and the most
successful results were in strain 129 or sublxncs known
- for theif high 1ncidence of spontancous. tundurs. Stevens,
(1968, 1970c) reported tcratogaé derived from grafts of

' 3- and 6- day embryos in testes of stralns 129, R/Hc and .~

their hybrid, ‘but was unable td‘xnducc tumours in C3H using

=t

S Q
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1

. this mcthoa (1970c). ‘Solter ct al (1970) were able to

produce tcfatomas in the kidney of'CBﬁ/H mice using 7B-day‘{3 s
cm?ryos.: kacrimcntil has shown that C3H/F, ICR, énd their,
Fy hybfia are also suitable for this QXperimcntal model.

Only synqencxc cﬁbryonxc grafts.were used in the -
studies reportgd in the literature. The grafting of hybrld
cmﬁryor éo ICR and C3H/P-hosts‘dcmonstratcs that toratomas
can be producéd in testes ‘even when hxstocompat1b111ty
dxffcrc;ccq cxlst between the donor and host. Histo-
coripatibility anthgns in the mouse have bcen demonstrated

as early as 3% days' gestation ‘(Vandeputte and Sobis, 1972} .

Skin qrafting experinents done in our laboratory confirm -

‘the incompatibility of these strains (Dins -Gooden,, personal

cormunica \n)n Using QBQ/F.malcs as rcgipicnts, 11 o
idoqfafﬁs renained hcalthy for moré than 6 weeks. Allografts‘
{C3u/F X ICR). to the same rccxpzcnts were all rejected
between 9 and 16 days. ¥hen skin qrafts were made to ICR i
éa{éé; all of thcoisogfafts were rqjectcd between 11 and’

S s ! -
40 days. Hybrid allografts (C3H/F X ICR} to the sgme'qice
were also rcjcctcd,#Sut rore quickly (9 to 15 days).

' Althouqh allogcncxc cﬂbryonxc grafts have @not becn

reported in nouse testcs,.tﬁere has been one such rcoort in

: tﬁL rht lgkrcb et al, 1971). These grafts were between an

2 -
“inbred and randOﬁly bred strain, but wefe inspected after

only 15 davq. Thc grafts in Expcrxnent I wcre all lcft in

place for 30 days, allowing tirle for immunoloqlcal rejection. ‘

-
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The numbers of teratomés resufting from grafts of
hybrid enbryos ;o'both testes (Series B) are summarized in
Tablc 5. Teratomas were found in 41% of both ICR and

C3H/F testes and in 80% of hybrid testes. The numbers'of

_—
- -

(C3M/F) /. and"24/25_(C3H/F X ICR), a difference which is
f“-"\ R

highly significant statlstzcally (p =, 0 999). These results

-t

show that with the straihs used the testlcular site qlves-

considerable protcctign against 1nmunologica1 re]cctlon.
on the other hand, Stevens (@97@) and hamjanov and

éoLtcr (l974ﬁ),statc that when there are antigenic |

.differences between strains, the grafts are completely

v

.*n1octnd This, observation has been nartially confirmed
in our la“oratory usznq strain C578L as hostq and straxn
CJH/H as donors. Growths composed mainly of cartilage

develoned from 2 out of 16 grafts (Dins Gooden, personal

co*%ﬁnicatioq). Certainly some inmunologic phenomenon is

_*a?fnq wlacc in. the interaction bctacen thc Host and the

tumour: Danjanov and solter (1974a) repdrt that the spleen

increases in weight in all aninals bcarinq grafted qmbryos,
. ' : t

and that in animals wifh teratocarcinomas the spleens were

. h N - .
heavier than in those animals with small non-proliferating
teratoras.

Sites other than the testis which have been described

as "immunolpgically privileged”™ are the anterior phapber of

the cye and,thcubrain_(ﬁarrctt, 1974) . Because they lack

——
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lymphatic draipaqe,'foreiqﬁ antigcns administered to these
_two sites cannot be transported to lymph nodes where

sensitization takes place. This cannot be the explanation

for the 1imited\privilegc cxhibiﬁcd by the tcstis;-however,
L | . _ r

since it éontagps 1nrqe‘Jymphatié-sinusoids (Fawcett et al,

1969)." It has pcén sugéestcd that because of the distance

between the testes and their érainiﬁq lymph‘nodps, the

immune re&céion-isn}imiﬁcd at this site'inillingham and ’

Silvers, 1971). N

Patrick. et al (1972) suggest that the local action

© of testicular steroid hormones nay prolong graXt survival.

There. is s&ﬁc data to suggest tha;:teratbmas may be
s _ :

suscebtiblc to endoérinc infiucnccs. "Animals are prone to

induction of germinal cellk tumours only during their brcéd-
'in; scason (15 the fowl, Guthrie, 1965) or, when exPoséd to
gcxoqcnous hormones (in the mousc,_Brcsler, 1959). Direct

studics of hormonal influcnces upon human- tumours are

inconclusive: Kallén and Rohl (1962) using 6 'cmbr?oﬁa%ous

tunours (embryonic carcinoma and teratocgrcindma) in tissue

culture reported that in 5,ca3cs.thé tumours could be

influenced with androsteroae, 2 being arrested and 3

'Qtidulated; Pierce et al {1959) using Pitt-61, a human

cnbr&onal carcinoma of the testis, have shown that it

secretes a chorionic gonadotropin-like hormone in 20% of

‘heteroloqous honﬁn, its growth rate being stimulated by

b] -
a
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~ the administrétibn of chorionic éonagétroﬁin to the hosts
but not by thé administration of folliclé"stimulating
hormone. o | |

' Another factor which mnay prolonq graft survival in
the testis 15 the lowered temperature in the scrotum.
Stcveno_(l970a) has concluded that, .whcn conpared WLth :
other sgites, this diffcrence in tenperature provides 1dcal
.conditions for the deyelopment of tumours in grafts of"
qcnital ridges to the tcstis. - |

In strain 129 spontancous testicular teratomas occur

‘three times more_frequently in‘the left test;s than»ln the‘
right (Stcvcns. 1954, 1962). This asynmetry has also béen
reported in the new sublinc 129/tchv (Stevens, 1973b) with
13t having teratomas in the left testis, 7% in the rxght,

and 12% iﬁ bdth.. In Exnerlmcnt I the. rlqht testis appea,s

more receptive, not only in numbers of tumours (Tables 23
3, 4) but in their size (Table 6) The difference in
nunbers of teratomas in the left and riqht testes is not.
statinticallv aiqnificant (P = 944). In Series-B there is
no niqnificant diffe;cncc bctwecn sizes of left and right
tcstc‘_&&th tumours in cithcr C3H/F or ICR hosts. uowevcr,
the riqht hybrid testes containing teratom&s are- significantlf
larger than the lcft (P - 975).' In’man, testiculaf h
teratomas: are found more frequcntly in the tight tHan the
loft testis (Yeier ct al, 1970).

1 %2 test o ::5".,

2 qnpaitcd t test
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Although the numbers of teratomas which'dcy010p05 in
the. ovaricﬁ were small " there was no obvious diffcrencé .
between their survival in CBH/F afid hybrxd hosts as there
: vag'in males. Because of the tech?ical dzﬁﬁiculties
" involved inrthisibpdfﬁt;on, no statistical significance can
be assiqncd to these result;. )
% - The’ low frecucncva?f success£u1 qrafts in dvaries is
'probably duc to the difficulty of plaking and maintaining
cmbrvos in thcse 55311 oraans, uhich unllke testes, lack a’
defined cppsule. However, the good q;ggth.of teratomas in
124% df the al}oﬁcneic ovaries at 30 da?s is evidende that
thése_orqnna'too are '}mmunoloqicaliy privilcgca.“

*

Aﬁothef factor which may influbnéc isograft, as well
as alléar;ft,lrcjcction is the Cichwald-Silsmer phcnomcﬁon
(1955). These worﬁers have dcmon%ﬁratcd that an antigen
“which originn:é on ﬁ gcne in the Y chronOSOﬂe may be a
histOCOﬁpntibllity factor. In Expcrlmentﬁll_ ‘one half of
the donor,cndrvos were female and one half male. This
“male” antlacn may have been resnonsxblc for some of the
rcjeétions. An a;eitic forn of a snontnncous t%gtzcular
__Lerdtoma does not grow in females, although 1t,groys well
‘ﬁ‘in nales (Isa, 1974) squcsting that there is a hiﬁtocom-
'patibility factor in fcx dxfference.

"The innunoloqical privilege cxh;blted by the ovaries

in Exnnrimcnt'II cannot be attrxbuted to their lack of

. ) .
b
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lymphatic drainaqc." The ovaries are close to their draining

lymph nodes and have\plcntiful L?mphaticé in several mammals.
studied (Morris and Sass, 1966).. It has been. sugqested
that the local action of cs;roqen may prolong graft survival .

(Hulka, 1971).

Histoloqically, the teratormas produced ih'ihése‘

exoeriﬁcnts were sinxlar to those described by other

et ?
s

workers. Many well dxffcrentxated adulthtissues were found

)

as described, but 1ivcr tissuec and teeth were nbt seen.
Aithouqh updiffcrcntiated cells were present, these did

not predoninate as they sormetimes do in highly malignant

tumours produced by usingqblagtécysts and 6-day embryos

‘h - 4 ) . Lo - )
as grafts (Stevens, 1970c). By 7% days' gestation the

cnbryonic ceclls may be alreadv coﬁmittcd to fellow their
nornal path of dxffqrentxatlon, although genetzc and
envlrpﬂncntal factor are irportant. Dan]anov ct al (1971)

were able to preduce tranQplaﬂtablc tcratonas contalnan

P -
unuxf‘orcntxatcd cﬁbryowxc ¢ells by grafting 7%-day embryos .

unﬁcr the Pldncy caofulc of CBH/H mice; when the cxpcrimenp
wan rcpqatcd,using CS7BL 1aogcncxc grafts (1974b), no

teratocarcinoays were produced.

‘The experiments in Section A ‘have demonstrated that

strainé ciH/F, ICR, and their F‘.1 hybrid are favourable hosts
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for the production of embryo-derivcd tcratonas, and that the
~antiqenic diffcrcnccs bdtwccn CBH/F and thc randomly bred
stqgin ICR are not sufficient to provide rcjection of the

. umour\\: the testis or ovary at 30 days, even though skin

grafts \between hybrid and parent 5tra1ns are pronptly




SECTION 'B

kS
I

Expcrincnts dctcrmin%ng the c0ntribution of testicular

tissues in teratoma growth :
T .
Experiment III  Testes of ICR mice are treated with

L

vaf copgér wire and testostcréﬁﬁ -

\

Experinent Iv} Injections of cnbryonic cell-free filtrate

*gato testes AE hvbrid micc

Experinent V The grafting of embryos bearing T6 marker

to the testes of histoconpatxblc mice

Expériment VI fgh grafting of adult spernatogonia to

the testes of ICR and hybrid mice

Fs . ;



Introduction

;Bocausc of the hyﬁothesis that gonadal teratomas
arise from the abnorﬂal histogenesis of primordial germ
cells, sevcral rcscarchcrs have attenptcd to 1nduce
\carcinoaenQQis in the testis. ijb intra—testxcular xnocula-
tion of zinc chloridc, 8u1phaté. or nitrate, and copper
sulphate has resulted in testicular teratomas ‘in ‘fowl
(reviewed ;; Guthrie, 1964). Thesc experimental tumnours
arisec only in the spring during the perxod of incrcased
spermatoqcncsis{ Spontancous testicular teratomas are very
rarc in birds. |

Thcfc'is only cne report in which this w;rkrhas been

reproduced in nannals. Bresler (1959) was. able to induce

.. teratomas in two animals by injectan an emulsion of . Deach

’

oil and c0ppcr sulphatc in a '1.5% solution of formalln xnto
the riqhtjtesticle of more ;han 100 white mice. In)cct;ons
of nethylFtcstbstéronc-pEOpionste‘wcrc also‘givcn in order
to increane spérmatoqenesié. »StQVcﬁs (1967) was not“able
té.rcprodpcé.nrcsicr's,cxpcrimcpts, cven though he used
strain 129 mice known for their high incidence of spontaneous'
tcratonmas., [ |

Experiment III is an attempt to induce teratomas in
a white mouse, r#ﬁdémly bred ICR, with an implant og copper

‘wirc in the testis and injections of male sex hormone.

au

R
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, died within a few days. . s

AN
Formalin was not used begause i{his highly toxic: - In

/
Bresler's gxperiment\a large percentagc of treated mice

-

oo

" There was tAe possibility, in the oxperimcnts of
Sectlon A, that embryos g:aftcé to the gonads mlght have

induced the'qerm cells of thc host to differentxete into

some of thc tissues scen 1n the. tumours. Experlment v

uses a chl frec suspension of cnbryonic organelles and
fluids to sec whethcr it could initiate dlffcrcntlatlon of

host spermatogonia.

~

i Ca

Experiment V eaé desiqncd'te qive aﬂditionai‘evieence
that it is the oﬂbryonic tissuce which is responsible for the
qrouth+ which develop in testes. It is pOSbele to 1dent1fy'
the donor tisgsue by karyotypic analysis of the tumour if a
chromosone marker is used. For thi experiment CBA mice

honozygous for an easily 1dcntificd itranslocation known as

T6 were nated to providc the donor tissues.' Hosts were

'histocompatible but with a normal karyotype. "

¥ -

Ié has been " suggested that teratogenesis may be
initiated in adults by the rupture of the seminiferous
tubules, perhans through 1njpry, and the subsequent release

of gern cclls into the.interstitial area; a different

r

environment co%lg alter the normal controlling mcchanlsm

1
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for differentiation of spermatogonia to spermatocytes. To
| ; X . .
explore this possibility adult spermatogonlia were injected

into'tﬁé‘teétcs of both ICR and Hybrid mice in Echrimcnr VI.

L]
s .

o

el



Haierials and Methods

Experiment III

Thirteen ICR micq‘wcré used in this experimeﬁt. ‘A,
small piece of copper wire 7 -mm in length was folded and ‘

inserted, through a small tear in the tunica, into one
2 , :

testis of cach animal. One week later 0.05 ml testosterone

propionate (100 mg per ml, E. L. Stickley & Company) was

1njectcd into the 166 musclc. Every second week the eafter
the same doanc o’ tcstostcrone was adninistered, \a otal

of 15 injections over 7 months.
‘Hr Not all.thé-animq}s Sufvivcd the whdlé'trgatmcnt

period, féur d?ing_afterzz, 4, 5 and 6 months. The internal

]
organs were cxamined at the time the testes were removed.
After one day of fixation {bavidson's), the organs con-—
taining conper were cut in half, the copper recnoved, and

the tissuefproccsscd and embedded in paraffin. Scctions

were cut at 10 4 and stainéd with ‘hematoxylin and eosin.

Expcrincnt-l?

Embryos of 74 days werc obtained from matings bctwccn
CIH/P females and ICR males (from the stocks used in the
" precceding experimcnts).. After the. trophoblast and- dxstal

endoderm were fcmovcd 11 cmbryos were placed in 10 ml o //7

-stcrilc 0.9 Cmy saline, honoqenizcd in a Sorvall blendq for

47'.' - | / | S
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one half minute, about 5 seconds at high speed, and then
centrifuged for 15 minutes at 2200 rpm.l

The supernatant was injéctcd into both testes of §°
hybrid adults through a 0.45,» HMillipore filter. Sﬁears
were made .of both the suocrnatant ana homoéenate. Thesé
-lalidcq were placed in 95% alcohol f1xativc and “%hen stained
sith mc:hylene blue (Pxfhcr SCientific Company) No nuclei
or whole cells could be seen aftcr careful scanning.
‘ - Animals uqed in thxs experiment were kxlled two
moﬁths tater. Their testes werc removed and processed for
' histological exanination. Sections were made at 10;& and
stained with hcnatoxylln and eosxn.

I
r . sl

S
Lxperiment V

Mice for this experiment were ébtafned from Jackson
Laboratorics; Bar Harbor, Haine. Six or ﬁore embryos 6f
7% days were obtaincd from SSCh mating between CBA/H-T6
adggts. both carrying the homozygous translocatxon, known ;-
as T6, whzch is easily identified in netaphasc spreads

'(Plate 5, Figure 1). The cnbryor wercqﬁgafted to botn

Ly

tcstes of 40 hxstoc0ﬂpa£1blc adults . (CBA/CaJ) with nornal

chromocomcs (Plate $, Figure 2). The tcchnxquc used ln'

preceeding experiments was followcd,u‘ )
Testes were removed onelnbnth‘later. On gross

inaspection, 27 testes contained large tumours and were cut

in two; one half was fixed fof histological processinq, the

»~
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\ "

other half was used for chromosome analysis. Those testes Bl
which appeared normal were also preserved ond later embedded
in paraffin. . |
Chrotiosone prcparations were made directly. from the
‘solid oumouts, using a tcchniquo modified from that of
Bunker (1965). Care was taken to avoid contaminooing one
tunour with another. |
Picces of tumour were placed in Hank's BS solution
and minced with scissors. Ore or two drops of Colcenid
(1 mg/ml, Crand Island Bloloqxcal Co.) were added. Three
hours later the tissue was transferred to the barrcl of a
syringe W1th a Swinncy adapter and forccd through the f1nc

-w{re mesh filter. The sinqlc cells recovcred were “then

‘spun Q: 800 rpn for 5 minutes (154 6 G) and thc Hank s

solution renovcd. Aftcr a 15- ninutc 1ncubation in 1.12%

hypoﬁonicrsodiun crtratc at 37 C, the cclls yerc spun again

nnd_rcsuspengod in 3 ml aceto-alcohol fixative (1 part |

glacial acetic acid to'3 parts methanol). This solution

was rcﬁovod one hour later after spinninq:_'Enough chsh_

fixative was added to\nakc a hazy suspension. ' .4;
Two Or thZ; drops of this suspgnsion werc allomcd

to fall from a pipette an inch abovc a slide wet with ice

cold water and held horizontally. The fixative wyas ignited

by touching: the edge of .the slide to a flame. Kfter7the

" fixative cxtinauishcd itself, the slide. was stazned in

undilotdd Gicmsa (BDH'Chemicals) for one half hourland then

{". . . , g - ‘
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rinsed inﬁwater}h The siidea were air éricd ovcrﬁight,j
dipned in toluene, and coverslxppcd with DEPEX. Seyeral
glides were made from each of 27 tumours. .

All cf the good metaphase spreads'were photoj“*
granﬂcd aftér dividing the chronosomos.into small groups
on the photoqranh, thcy were counted and the narker }

chromosomes circled. Counts were chccked by rerexamining .

~—

the spread under the microscope.

L]

-Experinent VI

Spermatogonia were obtaincd from the testes of
four hvybrid mice (C3IH/F ¥ ICR). A glaaq rod was uscd to
tenge,célls fron the tubules into 5 ml of Hank's BS
solution: This suspension was -then drawn into a micro-

.minette anﬂvnxﬁclled into both testes of threc adult
Chybrids ugxna the technique described carlxcr.
The same procedure was followed u51ng ICR males
- {or donor qnﬁrnatoqonxa and as Hoqtq (four anlnals) " Hybrid
hosts were 9 months of age and ICR hosts 3 months. “ ‘
| Five nonths later the testes were rcmovcd.and-pro-.‘
... ~cessed- for histological study as described in earlier

N .
experiments.

P L



Figure 1 » Mouse metaphase cell with homozygous
T6 translocation. The marker

chromosones arg circled

\ : . | . x 800
Figure 2 Normal rouse metaphase spread with
40- chrormosones
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Results

Experiment III

<

No teratomas were found in the testes which had -

held a piece of copper wire for seven months. All but cne,
' . 1 .

~

- e
however, were a smaller size than normil (control rnean,

5.0 mn); the largest diﬁmeter was 5.3 mn.

Cross sections were all similar to’'that shown in

.

Figure 1, Plate 6, in which there was a central area.with

‘., no tissue Ythc;girc had been removed), surrounded by
connective tissue with small lymphocytes and seminiferous
tubules in various stages of deqeneration. ' ° -

Other ordans examined histologically were normal

as well as those which were inspected at the time the

testes were removed.

Experiment IV

+ 2

The testes' of animals which had been treated with

an_emhryonic cell-free filtrate all appeared normal when
R _ > . . :
.exanined unter the microscope. In some specimens there
I} . r '

scemed to be a thickening of connective tissue just ungier

the tunica albuginea.’ A —
Other intc\:nal organs dpp’gared Anoml‘ on gross
. . ‘ x93 7 I os:

‘examination. - o ' o . i
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Eiperiment v = \' P
‘ o

and one evannle

oy out of 17. -4"”-%».,_,\"

present had dnqcnerated into :cmnpnts,

N ’ '
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Only those tumours whlch produced at lcaat 15 good

' metaphase spreads arqbreborted here. Thc rcsults are

summarized in Table 8. Approximately half, the cclls had

,the nornal number of ch:pnosones (40 in the ‘mouse) , all of

which containcd 2 Té narker chrdnosoncs {Plate 5, Flgure 1).

- The nunbcr of snrcads with 40.chromosomcs,variéd

‘ffom one tumour to another {63 1n No,‘T6-3é to 77% in

N

Ho.'TG—ll\. A third of the cells contained féwer than

the normal, whilc 18$ had extra chrono omes. There were

9 cells with bout 80 chromosomes (Plate 7, Figure la}‘ﬂ, ay

4

f'endoreduplicatio;.

Most of the \testes fron\\hlch thcse prenaratzogs;.
were nado were larger than nornal {mecan 4.2 nm) . - ‘n.
Cross sectiqn-the}r mcasurcmenps Fqnécd from 4.1~to-11.0 .

N '
The largest tumour Ho.'T€f33) had the fewest normal spreads,

[
m——

Tissuc types could not be- ccrfETEYEﬁ~w h the
chrnﬁosomn nnalysxs. Most tumours hgd mnany 'ell dxf-
fe'cntinted thauoa (Plate 7, Fxgures 2, 3. Vcry fow

seniniferousn tubulcs renaxncd in the gonads, and thdse

L



TABLE 8

,

E

.Chromosome analysis of eight tumours bearing T6 markers

t

produced by agrafting 74-day CBA/HI-T6 enbryos

TOTALS

Tumour".;Total
f\No Spreads ¢

T6-7 26
T6-9 .29

v . q-
- STEERN 24
T6-11 '35
T6-33 24
m6-34 15
T6-36 20l
T6E-38" 17
190

of CBA/C&JQhosts

54

. P
to the testes

- No. of cells

)

ﬂfﬂ‘ , 40 l > 40
. " \
16 (38%).\| 12 (46%) 47(16%)
1 ” Lo ’
S 12 (41%) 15 (52%) 2,000
s 30 | 14 580 2 (9%)
7 (200) 27. (77%) 1 (3%)
s o
9 (37v). | -10 (42%) 5 {21%¢
3 (201) 7 (47%) 5 (33%)
3.f151) 7 (géﬁ) 5710_(505k
11 (65%) 1 kv |- 5 (29M)
/,/l,'”
63 (33V) 93 (498%) 34 (18%)




Experiment VI ' S

. The results of injecting adult spermatogonia into

55

‘host testes for several months are negative. . No teratomas

were present although there was some necrosis, tubule ¢

-

deqcnqr&tion'not unlike that fqgnd in aged ﬁicc, and

‘;wscmé lymphocyte infilttatibn‘(Plate 6, Figd:cs 2,'5).
. N . - L - L N .

-

~
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Figure 1

Fiqure 2

to

‘Fiqure 3

&

‘tubules and the interstitial area

tissuc and tubule breakdown

PLATE 6

Testis of ICR host after removal pf

folded copper wire. There is much

necrosis and degeneration of tﬁbul?s

x 20

’ LY
o S
-

Testis of hybrid host 5 months after
injection of adult spermatogonia

and spermatocytes. Tﬁere”are few .
spermatocytes dcv§10pinq ih the .
™

[+

are much larger than normal

Testis of ICR host 5 months after

injection of adult rpermatogonia and °

spermatocytes showing arca of connective







v

57

PLATE 7

Figure 1 Metaphase cells in CBA mousec testes with

teratonas '
: x 800

a. 81 chromosomes, NO. T6-134
b 80 éﬁromoéomcﬁ, lo. T6-36
e 122 chrﬁmosomcs, No. T6-36

d 80 chronosomes, Mo, T6-36

.o
. Figure 2 Section of tumour, T6-34, from which the

metaphase spread "in Figire la was taxen
T ~

x BO

Figure 3’ Section of tumour, TG-JG,'from which f
the sprcads in Figure 1lb, c, and ¢ werc
taken; Thi$f§umour wag composed pre-
dominantly of nervoﬁs.tissué and
connective tissuec. There iﬁ a tubulc

. %
rennant in the lower right

.. . . : | ‘q’r’,






" Discussion .

v

.Althbugh exncriments in which tcraégmas-have been

’

induced in birds by injectioas of zinc or topper salts are
* . . ':? ! . .

convincing (Guthrie, 1964), they arec not conclusive
‘evidence for the origin of teratomas from germ cells in

mammaTs. The fowl gonad is a very labile organ in which

sex“revci?al is casily accomplished (Erickson and Pincus,

4

1966).. o . §

The work -of Brcsklcr (1959) in".-'hich teratonas were

-

induced usxna coppcr salt in ‘ornalln has not been

rcpcated with‘succcss,_although attemnts have been made
using a white mouse (Stevcns//} & . The strain Stcvens

used was lxvelv dlffcrcnt fyom that used by Bresler.

'k/ -

Sxpcrigfﬁ; I11 isni9¢thcr unsuccéssful effort to
_.‘_-“‘ ; w

| , i
bring about- a neoplastic change in thc\@crm calls of a
” e S
white mouse, the randomly bred strain .JCR. It was not a

duplication of Bresler's experiment, in that copper wire,
. ) 7 - . d
_was used rather than copner‘snlts in formalin. Bresler
used Eorﬂal1n to dclay absorption’ of(kQQ coppér salt with

the result that many mice died. Perhaps the formalin, *
¢
althouqh highly toxic, is a -tumour. inducing agent.

It is known that copper is absorbed.slowly, and
'therefqrc copper wire was used 1in hxuerlncnt II1I along with
injcctions of tcatostcronc: The germ cclls: ncverthclcsL
appcar to be resis tant to terathcncals in the adult nousc.

58
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Iﬁ th beén assumcd, and probably correctly, that it
is the embryonic grafts whicﬁ give rise to the teratonas
found in the gonads. However, the possibility extrted that
ﬁhc embryos might have induced t%i;iggf germ cells to

]

differentiate into some of the tisaQies seen in the tumours.

. -

Therefore a supcrnatant composed of cmbryonié cell

|
orqanclles and fluids was used in Exncr1went IV to see.
uhcthcr it could initiate. differentiation of host spernatoJ
qonia.‘ Thc results- 1ndlcatc that this supernatant is an
ineffective agent for tumour induction. #thatever inducing
factors aré present in the 75~day‘émbryo; at the concentra-
tion-d?cd they do not bring about a:éﬁange in ﬁhe dif-
gorcntiatioﬁ of sperrnatogonia. It is ﬁbssiblo, however,
that the injcctibns were nadc.into the in;c:s;itial ;paécs

and the supernatant was prevented fron entering the tubules

by the blood-testis barrier. It has been dermonstrated in

. the nonﬁcy tﬁym; 1973) ahd in. other mammals that occluding

)unctiOﬁq ‘Letween adjacent acrtolz cells prcvcnt vascularly

'1n)cctcd elnctroq-Onhvuc nnr?cr lanthanunm nxtratc from

- _

reaching the tubule lumen, L
. i .

i v
s

Thc rosult of Fxncr;nent Vv, in which the tumours

dxqplayed the T6 narkor ChrOHOJOﬂC, “have also shown that
. s

-thcsc qrowthq are derivcd 50101y fron the embryonlc donor

ttssuc. It has becn demonstrated as wcll thqt tcra;owaa

\\sin be ecasily induced in the‘éﬁn_strain. Tumours were

b g .
\ ¥
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observed in more than 60% of the génads receiving qrafts.

| ) On‘tabulaﬁiné the results of Expefimcnt V it was
surprising to find that gnly half of the cells had a count
of 40 chronosoncs (Table 8). Dr. Charles Ford (pcrsqnal'
connuwxcatiow) has made a chror quﬂal analysis of 607
mouse emhrvos aged 8 to 11 uays.‘andﬁfound only 13 (2.1%)
with Abnormal raryotypes. ‘ | ) . .

There is a dxqcrcpancy in the res ults of this

cxpéfinent when compared with those of Stevens and Bunker
(1964) who analyscd-pfimary.SPOﬁtancdus testicular teratomas

in strain 129 mowse. In Ehci?’study 8.3! of cells.had 38

or feécr chronosonds, 87 62 had counts " between 39 and 41,

and 2.6% had 42 or more Chromosomes. The respective per+

I
N .

contaaes in Exmerinment V are. 22.5%, 63%, and 9.°5%.

Personal techniunS'could account for.§hese differencas in
countsa, On the other hand, thg disruption in the normal
' cﬁvironrcnt éf thc_cmhrgonic:celi§"may-bring Sbout'f&ulty -
‘cell division. o .
hithouqh.tﬁe vast litecrature bedring on the reclation
of,aneuploidy'té malignaﬁcy will not bc discuqscd herey (M-
oo Oy

there is more and more cvxdcncc to assocrate these twor o

o~

nhcnownna (rrias-Rernal and Jonns, 1968). In a recent

v

-rcvicu, At?ln {1973b} statcs that nallgnant teratonas in
han cormonly have 'modes in the 50 to 69 range. The fact
that spontannous testicular teratonas in mice have near

dinloxd modes may. accouﬂt for tho low degree of malignancy

N



+

}ﬂ these tuwnours. Tissue types usually correlate with the
i N -

deqree of malignancy in Both man and mouse; wcll,diffcren-
tiated adult tisdues are most often benign, while thosc:

tunours with'undifferentiated quryonic tissuecs are likely

malignant.

Experiment VI was gerformed to test-whether extra

. - < ' ’ . bt .

tubulan adule é%rm cells miaht have rotential for,tumour \‘HHJ
N M - . . ) \

format}on: spermatooonia and maturing spermatocytes were i -

placed in the interstistl ca of adult hosts. “he results -

indicate that the enviroanent in which they werec placed

could not’ irnduce the donor ceclls to alter their

-

-

differentiation.’
. ' N )
There has been a report of sperm penctrating soratic

»

o -

cells in an in vitro oxperiment (Bendich et al, 1374).
.This_situation,'in which spermatogonia and spermatocytes

were placed in hosts' testes, may Have been suitable for

1

7htofortilization. If teratomas had developed, 1t would
Mave added convincing ovidence to Ashley's theory (1973)

| e & . _ ' .
on the oricin of teratonas-fron the fusion of two haploid

L

gamnten. ‘
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Experinents desianed to dete

in arowth of teratomas at the enbryoﬁlc-staqc’investi@atcd

H

-~

txnerirens VIT

the first appearance of prinordial-

v

germ cells

=
Fxperiment VITI 'Tho.qjlftinq of -CI/F X ICR enbryonic

\

rmine’ germ cell participation

tmbrvological studics to dendar

-

r&s

~
~

shields to hyhrid (C3H/F X ICR) tostes

.

- mice ,

¥

Ewperinent ¥

e

xperiment I¥ ji) The grafting of
cones to testces

!

T

Early staqes in

extra-cnbryonic

C3H/F X ICR extra-enbryonic

of hybrid (ClH/F X ICR)

the growth of C3H/F X ICR
o : »
cones in the testis
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_ Introduction
a . - N [
When 12Y4-day nale genital ridges are grafted to the

t

testis of adult mice, teratoras develop within the tubules

of the -fetal testis in a very high percentage of grafts.
ey ’ SV : :

Mount and Sttf§n5,1197l) have studied the histogenesise of

these tumours and found multiple adjacent foci which they

-

belicve arise from a J1@qle source, a primordial gern cell
vhich has undergone a ntoplastic change. At 12 days of

foti% lif¢ there are oveyr 3000 dcrm cells in the genital |

. . . [

ridae,

‘ if the germ ccllsinkthc 12%-day fetus are susced-
tible ro ﬂ00ﬁ13 tic tranq‘o*ﬂa*xoﬂ, iE would not be
qurpr1.1mq if the prirmordial gem cell?‘xn earlier emor"o"
wate resmonsible for the crowths-observed when whole
nn%ryos are araftod to adult testes. |

L . f I

. .
;. “In the nmousec, srimordial germ cells are first
{dentifind at 3% davs' aqestation in the yolk sac endodernm

at the hase of the allantois,. Because of their extra-
. . .. ]

emSrvonic oriaqin, they .can be separated from the enbryonic
. '

~ents in Scction C were done to determine

Lol

tisnuo.' The epxoerd

}4

which tissues give rise to .teratomatous gro"th Do the o

primordial aerm cells locatcd in the extra- cﬂbrycnlc

portion qive rise to thesc tunours? O:_Axe‘fhey the'gcsult
. - PR Wy

. . . 1]
of abnormal cellular relationships which develop from the

embrvonic body of the shicld portion? ' -
_ pay O ; _

-

.63, a
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.
. , ‘ .
; ) J.
' - .“ -
.

. . .
-
N - .

Embryolonical studies (Experiment VII) were done to

|

demo??pratc the first'appcnrancéfbf-p'imdrdial gern cells

0
l 1,

in the rouse. This work confirms tQ&{reports of other

rescarchers onxzﬁbggfihin and nigration of these cells fron

7the;yo}k sac endodnrm to the genital ridges of mice
: _ : ,

S bl -

(Chidsucine, 1054: *tintz, 1960: Spiegelrman and Bennett, 1973).

It also illustrates the changes taking place in the nouse

¢

enhryo between, 7Y% and 3% davs! qcstgfﬁoﬁa S
o After deternmining the position of the ‘egg cylinder

’
~

where the germ cells arise, it was possible to separate
. _ ; R ‘ | :
this~portion from the embrvonic sHield. In Lxperiment VIII

. - . ¢ g e ' .
the exhrvonic portion is grafted to testes of hybrid hosts,

and in Ixperiment IX the extra-embryonic portion of the
g ’ ‘ o . -~

cone (containing the gern cells) is grafted to the testes
| , . _ . )
o€ another groun o€ mice.
' . s s ) . ‘.. .
All of the'gonads in the other embryonlc graft

. - ‘ N

. A ’ _
experinents (I, 1I,.v, VII and IX) were inspected one rontn

after the initial ‘operation. NizdicAski (1969) reported

»t

-dav fetal mouse survive pnly/a fows

[44]

that arrm col?s fronm

»

» . R . . . g H [3 1aYs T
days when implanteg in the anterior charber of the cye.

E%:f;}:nnt ¥ wan designed, therefore, to sggg; the carly

staqges in the arafts of c¢xtra-cnbryonic cenes.
o - - - B . P R \
P ) . w .
¥ : . “\.:‘.\ ’ )



‘TMaterials and Methods

5 -

“Experinent VII ' ' ‘ . , ‘ \

This experimient was designed to study the develop-
bl o

‘ment;of the volk sac aqd_the,primqrdial,qcrm éells:betwéen_

the ages of 7 and 9 gcs;ational'days. The mothers Qpre.
C3H/F or‘hybrfﬁs,ﬁnd the fathers ICR. From 2Q li‘ttersL

135 intact embryos were dissccted at various intervals

between the 7th and 9th'days to qive,& SQectfum of-

develonmental staaqes.
v 4 R . .
. . H . ) . L - ,
The tronhoblast was not removed in-order that oo
the Wolk' sac remain intact; and so that the ‘embryos could

be casily scen - during their processing. S$mall embryos

were transferred with a pinette and larger ones with a

.spatula. After 10 to 20 minutes' fixation in 95% alcohol
the soecimens were noved to absolute alcohol (5 minutes)

nd thén to xylene for 20 minutes. Paraffin embedding;

wat\done at~$50C'for 1/2 hour and the blocks réfriqeratad

Ycrially sectioned at 110 .

roximately half of the embryos, some from each

litter, werm staimed with henmatoxylin and cosin. - The

:nﬁaininu littcrﬂatrs,:teprCScntinq all ‘stages .of develop-
© ment, were nrocessed and tested for the  alkaline phosphatase

activiﬁv 0f their aerm cells using the ¢ollowlng proc?du;e

%
- -

atanted €rom Pearne (1968):

9 N 7' N -‘ . “‘.‘ . .. 65
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Wax was dissolved from the slides in 3_cyanqcs of

xylcnc, they were .cleared in absolutc acetonc and 40%

“re

1.
acetone and taken to cold water. Slides were then incubated

H

for 10 to ‘15 minutes in a cold substrate of 15 mg sodlum
alnha—napthyl;acid—phosphate (Hartman-Leddon Cgﬁpany),
coupled with an cxdéss of azo dve, cither fast red (Sigma
lCHCWiCDI Comn&nv) or fast blue (Hdrtman-ﬁcddon Company)
}1; 20 ml. 0.05 M Tris buffer (xham, Flaher Scientific |
iConnany). pH 10.4. ‘"Tvo ml of O 1 N hydrochlorlc ac1d
reducod the buffer solution to nP 9.4, Enzymatic activity
ris visualizcd as‘eithc: red or blue precipitate depending
05 the dve uscd. g

rhs‘a coﬁtrol for the tcchniqué young embryos wWerce
incuhngod in the same dishbs'és older embryos whose

prinnrdial eerm cells contain the enzyme. Slides were

rinsed in cold water and cover slipped with iiydramount

' (George T. furr).

Fxperirents VIII and 17

c3u/rF fem nln nice wege mated altn ICR males, and

H

their ermbryos o nro‘ull' rx**tctﬂm from the uterus scvew

davs later. '"othcrq were not superovulatLd and, the number
of sitea in cach utefuﬁ varied“'Oﬂ 4 to 12. All tropho-
'blasﬁ;'distnl cndodern and Aexcncrt 5 ~enbranc were

'fCﬂOIc 1ﬁﬁpnnch o‘hrvo was tran ferred, uxth a nlpette ta

- -~ ! -3,

! ) . . .
a cléan dien if a fow drops of Hpnk's dS solution.
, B
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Using a new pair of sterile 23 gauge neédleg each
time, the embryos were ;ut in two,‘separating the cmbryﬁnic
and eitra~éhbryonic portions. Thé(cut_was nade well into
the embryonic shicld, 50 ;hat no.extra;embrfonic-tissué i -
was included in the sHield portion, although some embryonic
tissue remained wiﬁh the extra-embryonic conc.x

. This procedure is illustrated in-fﬁb photdgrapﬁs
of Plate 10 The - sh1eld portion measured about 1/3 mm and
the extra- cﬂhrvonlc part 2/3 mm in lcnnth '

Thcqe cut tlssues were grafted to the tcateq of |

jﬁhhybrid mice us ing. tHc technique cmployed ”lth uwolc
embrvos in the nrevious experiments. This proccdurc was a
little more dltf1cu1t because the cut portions were more
”stickyithhn whole enbryos; and because of their small
size, it was not aﬁways possible to sce whc;ﬁer the graft.
was successful. |

_If both testes were treated In a host, a shicld was
qta‘tnﬂ to cach testis (or an extra-e udf}OﬂlC cone to

ecach testis). lione of the hosts received botn an enmbryon
shield and an extra-enbryonic cene.
One month lntgr the gonads werce rem ved. Those‘

tcstcs-uhlc”, on qross'cxamination, appearcd to be

!

tumolirous were cut in;two--one half to be used as a trans-°
!
Dlnnt, the other to he ‘1xcd and proccsscd for histological

cxaﬂxﬂatloﬂ.

? y . C -
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The pi¢cés‘of.tissue used in transplapts'weref/
minced ﬁiﬁh”scissbfs in 1 ml Hanks's Bs.sdlu£ion, drawn
into a éyrinQe and injected‘throﬁgh a?2§ gauge necdle into
the deomcn and leq muscle of adult hosﬁs. Most were male

- .
hybrids, although 3 female hygp}ds aﬁd 4 ICR nalcs Qere
also dsed as transplant hogts; Altogether 13 transplants
“ﬁrdn shield testes and 9 from extra-embryonic cones were
attemnted.

{

Experiroent X

The material and methods used in this experiment -

were similar to those of the previous experiment. Extra-
enbryonic cones froqé7ﬁ-day hybrid embryos were grafted to
bath testes of ten animals. On cach of the Jrd, th, 7th,

/9th and 15th days thec-qonads were removed fron 2 hosts,

fixed in.Davidson's solution, cut in half and processed
~ . p -

' - f— .

for hematoxylin and cosin staining.

T -
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vy Tt

Figure’1l

Fiqure 4

Figure 5

Mt

U%qendi

-t

PLATE B8
Drawing of embryo, 7 days 10 hours
Extra-embryonic areas are stippled, and
the embryonic tissue is solid
Cf. Figure }fof Plate 10

ta

Drawing of émbryo, 7 days 18 hours

= cE

Drdwing of embryo, 8 days 0 hours -

The ectoplacental cévity has disappcaréd

‘Drawing of embryo, 2 days 6 hours

Two somites have developed

Photograph of embryo in Figure 4 stained

for alkaline phosphatase activity. The
S . ol
primordial germ cells are just beginning
L _
B o

their migration up the hindgut. |
\xfBO

T = trgphoblast ‘

EC - ectoplacental cavity ' "
C - chorion ' '
E - Exoceclore

A - Allantois

Am - amAion

AC - amniotiT cavity .
YC - yolk cavity R -
PE - proxiral endodern o

DE -~ distal endodern

F - forequt

H - hindgut ©

PGC - priperdial aerm cells

L

>



Ty
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PLATE 9

4

Figure 1 Photograph of embryo, 8 daysflo hours

: _ ,
Four somites have developed and the

~

germ cells are stained for their

aikaiine phosphatase activity-

s

Y x 80
N ‘ ‘ »
Figqure 2 Photograph of Féctanqlc in Fiqure 1
g | L;M_i__" St L x 3204
Fiqurc.B Pho;oqraph b% cnbryo, 9;days 0 hours
Ten sémités have-dovclopcd qnd_thc me:yg.
as turncd :
o he germ cells are more numerous and
: ; have proqrE%Sed farthér along their _
_ ;o L“miqrdkory path -
| x 80

Fiqure 4 Photograph of rectangle in Fiqurée 3

i : : x 320
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. Figure 1

Figure 2

-7¢

Figure 3

n

Fiqure 4

PLATE 10 . /

e

’

S~ :

[

Embryd‘af 75 days'_gcstatich dissected

f:om'decfdual tissue

o

e

. g . . -_ - . x BO

1
I3

The same cmbryo after removal of
. ki -
trophqplast and distal endoderm

-
[

!

A-hematoxylin and cosin-stained soction

of an-embryo.of 7% davs similar to thas

in-fiqure 1. - An arrow indicates the

point where the separation is nade, as

in Figures 4 and. 5 o

[y
A

The separation of the embrvo into tweo
. 24 * .
o b - .

darts below the notch -

The extra-embryonic portion (2/3 mm in
length) .

x 80.

i
2

The erbryonic shield portion (1/3 ma

lonqg) ‘ y

=33
e
x
™
[e)






Exnerlncnt vI

ye Rcsults. L

I

All of
microscone, A&

The chanaes t

in the drawings and photographs of Plates 8 and 9.

The eca

the’ 135 embryoq were examined through thc
nd photographs were ‘taken of many of them.
aking place during this period are illustrated

rliest stages represent the 74-day emnbryo

which was used in Exﬁerimcnts VIII to K,' Blood islets

develop in the wall of the volk cac from 7Y% days. It is-’

in this arca

¥

that nrimordial germ ce 15 are first iden-

tified at 8Y davs. They very auickly hegin their mitotic

_act1v1tv angd ﬂlq:atlon towards the qohads. The enbryo’

devclons ranidly tCLHCCﬁ the ages of 8 and 9 days, forming °

%bnites,“o*enut and szdqu;. Towards the end of this

period the c““r"o turns right side out, and +he hindgut,

Fiqdfﬁs 3 and

The re

and h"Hr"o.

o

kl
along which the qcrn cells travol is casxly sccn (Plate 9.

4 - )

wr

sultn of grafiing hybrid.extra—cmbr;onic,conos

nhielﬂ to testes are-compared (tables 9 and

10} with tHc grafting of whole embryog (from Experiment I}.

Fxperinent VI

Tcratom$s dcvclobcd from 26 of 35 qrafts (74%) of

embryonic shields: ghia rate is very, 51“llaf ’0 the

nercrntace found, when ¥ | -
: : _ : f : _ S

11 o

"

whole embryos: werc uqed (80%).

L% ]



d%fferentlated Lissues such as bone

spermatocytes

13

Histologlcallv these two groups of tumours were

vory similar, both containing a goqd varlety of well

mu clc, cartllaqe,

nervous tissue, epithelial tissues in~both simplb and

“strat1f1ed arranqemcnts_uquallv surroundlngdcyst%, glands,

.~

hair follxclcs and black pigment. The largest-of all

teratomnas was iound in the shield group and is shown in

Fiqures I to 4 of Plate 11.°

Experinent TX

My

In qharn contraqt are ‘the resultq of qraftinq -

cxtra—enbryonic cones to testes. Only 1 of 35 dcveloncd
as 'a ‘tumaur (Plate 12, Figures 1.to 3)» The testis

ncnsurnd?3.0 mm in diameter, and the tumour occq?ied
: : ] '
approxinately 1/4 of the section. Tissues contained-in

this small turmour were cartilage, smooth and striated

ﬂuscle: fat, cystsA"urroundoﬁ by columwér\cnlthellun
with bru%h.bordcrf cuboidal epithclium, dcsquamated- I
coithelial cyﬁtq, small glands of mucous-socreﬁinq'cellsu

A rcaction was found in 22 of 35 tcstes ng1nq

' k
evidencé of "accurate plnCCﬂnrt the dra‘ts (Plate 12,

Figure 4). Althouqh 12 teqtoq were classxfxcd aé normaI"

hecausne thc*e was no hcnofrhaqxrq or lynohoo‘gznfﬁlltra-

tion, many had tuhulcq azth fow 5perﬂatoqnn1a antd

surrounded b" 1a*no ‘{intratubular c'naces, not

aﬁliké theose of older anirmals. Thpse'hosts, nowevcr, were

. ' oo )
~ . : . o



.all,vounq adultq.

Tcstes rece1v1nq extra- enbryonlc cones as grafts
%

were nuch Sﬂaller than thoqe of untreatcd anxnalf (mean

f
4.8 mm). Ohly 5 measured 4.8 nm._ One was larger, 5.0 mm,

and Lt contained & larqo heﬂorrhaqc 0.6 mm in diameter.

" surrounded by nccrotlc cells (xable 10).

Exncrﬁ%ont Yo ’ .
o :

Fxtrn onhryonic cones were grafted to bdth testes

- . .
'Qf‘ln'adult hnsts. These nraf s were recoveroc 3, 3, 7,
9 and 15 davs ;ate:.; .The roqulta 'are summarized i;_\\

7

Table 11Q_ﬁ _ ' 'A; . ’ " - - o

'

There were hemorrhagic arecas -in all but 4 of .the
tostes; 2 testes at 3 days appeared normal,rand 2 testes

at 15 d\vr had no 5§;0rrhnqn, although there

Of-nccrosis'and acarrlnd with Hononcraulon”of
Géncrailv, tne 'l”C of tho he?orrhaC( 1ncrodu¢d

from 3 to 9 days (Plate 13, Figurces 1'to_4)l very spall

areas of pmbrvonic cignuc were scen in 3 testes, at 3, T
7 ' - B T
andiIS'dnvsa+dumbcrs g, 9, and 17 of Table 11). Snhese

- 3 ¢ ~ R o F vt r
arecan of embiryonlc rgssuc’ are 111u.~.a o in Figures 'l o

4 of Plate 1l5. C ' ' ~~

b
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Figure 4

~several small cysts surrounded. by

PLATE 11 . _ —. .

Carel o ‘ -
. T
“

]

C3H/F X ICR testis almost 3 cm in" -

lcnqéh containing teratoma derived

' &

from an embryonic shield

. . ' . .." R .V '
A section from the tumour shown in
Pigufe;l'showinq a variety. of well
differentiatéd tissues, épiéheliumf

muscle, cartilage, black pigment,

and nervous tissue | T S

Another .area of the sane tunour with

connective tissucw

.
\ - . v

)

1.

A hiagher magnification of the rectangle

in Fiagure 3 showing pscudostratificd.

-
n

cepithelium, undifferentiated mesenchymal
tissue anrd a spicule of bone,

- - x 320

l':.)
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‘Fiqure

Fiqure 2

DR

Fiﬁu:e‘B

-

Fiqure 4

PLATE 12 "

The only tumour wh1ch developed from
extra- embryonic cone portion. of 75 day
embryo in a C3H/F X ICR_testls, number

C3L. This small teratoma contained

many well di'fferentiated .tissues as

+“

described on Puge.73

A higher magnification of the rectangle -

—

-in Figure 1 showiug glandular tissue of

"mucous secreting cells surrounded by,

mesenchymal tissue ) CAL f !

'l

Yo

ST x 320

"Another view of the same tumour

. L x 320
o

A reaction.from graft of extra-embryonic
) g

- . £
cone, with connective tissue and scarring

su:founded by degenerating tubules

\

% 80

’
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‘ grafts. to both testes .©

" _TABLE 9

(-

J

-

. ’-.Frcnuenéy ofﬂtgrhtoﬂés arising from 7k-day C3IH/F x_iCR

£ C3H/F X ICR hosts

- P ‘ ’
1 v — ‘ —
L. o . Extra-
- Whole Embryonic . embryonic
. Embryos - « _Shields Cones
e o , :f_‘ . - 3
. Terdtoma 40 (BOY) 26 (74.3%) 1 '(Z.J%)
Reaction L '7? (ldi) 4 (1l1l.4%) 22 (62.9%)
" Mo tumour . 'C;;ﬁ ewy | 5 (a3wm 1 12 (34.2%)
_ Total number : ; o .
of grafts. ~ | 350 ) 35 35
s B J B 4
K o
, .
.‘_ . - T
™ {. / - "—r
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" maBLE 10 -7

‘”Diahéter.of ﬁybrid (CaH/F X ICR) testes in'millimetérs-'

\ o -~
f"fCi,_ *l — Left , Right
Mean/of ‘ . U
untriated. hybrids = | - 4.8 - | 4.8
l‘ * ’ '
. Testes containing ' .
. teratomas from | - _ e o ) N
.« whole enbryos, mean . , 5.8 S T3
.Range - | 3.6 -12.6 | 4.2-13.5
| Testes containing
teratomas from. - - ‘ I
dmhryonic shields, mean . 5.4 < 5.1
Range L 3.4 - 12.5 4.3- 7.0
tes containing
(ﬁ’%ta—embryonic : | 1
cones (all 33) ., mean 4.0 : _ 4. ~
_ Range - 2.8 - 4.6 2.5 - 5.0
- é_t fatoria, C3L " 3.0 .
Cp“-’ | l / ' ' n ' 1 . ‘.r - .
. ) g .
- o L



. ~ PLATE 13

. \

CSH/F“x ICR testis 3 days after grafting

1

-Fiquré 1
| l _ of extré-émbryon;c conc.ﬁitg smai};
hemor:haqe; 4"‘“”f : ) ;!
- . | ’ x 20
o ‘
, Fig&re 2. . A hiqhef_magnifidation of the . =
I .A'rectangig drawn in Figur@ 1 §howinq’
Acqenqéatiqn o{,the.tubuleé'su;roﬁndinq
the hemorrhage o '
e T _ _ T | X 50
éigure'3 C3i/F X ICR testis 7 days afﬁff grﬁftinq.‘
| | 'o? extra-embryonic cone R N
- : . x 20
8
:h Fiqure 4 ._.CBH/? X.ICR testis 9 days after grafting
L ofextr;:cnbrypn{¢cone. The hemorrhaqe

“.has displaced most of the testicular

-

structures
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Figure' 1

Piqure 2

-figure k)

Figure 4

' blood filled cystic arcas

PLATE 14

, C3H/F‘x ICR test{s 5 dayska:per grafting

of exBra-embryonic cone containing a

small.area of embryonic tissue with many '

.

'.A hxgher maqniflcatlon of the rectangle

in Figure 1 showing . tissues of ecto-
dermal origln
x 320°

\

%

C3H/F X ICR testis 15 days after grafting

of'ektrg-cmbryonic cone containing a .

- small area of embryonic connective tissuc

-

- x 80

A highgrrmaghificatioh'of the rcctanQﬂé

in Fiqure 3.showing .a small.cyst-with :

- low columnar gells

- 0 x 320
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Early stqqes in‘ehe'dcvelopmept of exkrafembryoﬁic-cohesll

(C3H/F X ICR) graftcd to adult testes (C3H/F X ICR)

\_ } . ' - Y
_ R 'D;amétet of Size of
Number of , ‘testis’ . hemorrhage °

_~ Days No.. |+ innmm An mm
]y a1
' 2 4-8 . -
1 3 3 0 N o.s

| R
a 5 4.8 . 0.8
\ 5 6 4.2 0.8
! | 5.0 2.0
8 4.3 -0.5
- ’ 9 . 4.5 ° 1.5
: 10 5.0 .2..5
? 11 4.5 2.3
12 5.0 2.5
- ' "13 5.0 3.2
‘ . 14 4.5 4.0

9 15 . 4.2 1.3 ¢
116 4.5 4.0
1, *°
o | 17 - 4.0 3.0
. . 18 4.0 -
; 15 > 19 3.7 L S
‘ . . 20 4.1 = * 2-0
. l
.\.':_\ !




Discussion

—

The two major thcpries which explain the origln of
teratomas apoear to con‘lict with each other. Do teratomas
originate from germ cells or from embryonlc plurlpotent
cells which have escaped the influence of enbrjonxc
"orqanizers? If cpe adheres to, the germ cell theor&, are. o
the extra-gonadal tumours "derived from prxmordlal germ cello
which have strayed from their mxgratbry pathway?
Stevens (1970c)} argues that since Spontaneous
testicular teratomas in mice (and also those induced~in
fotal ‘testes by the graftlng %f lZB-day ridges) originaee
within the oeminifero tubules of fetal mice, “they must
develop from eithef the supportinq cells or the germ eells.
It follows that,because sterxle mice, who lack orimordial
gern cells, -do not develop teratomas as do thelr normal.
'littcrnates (Stevens. 1967a), it is the germ cells whlch
gi;e rise to the tumours._ First the aerm cells produce
c1usters of disongani7ed undxfferentlated cells which in

-

'tnrn differentiate into the chaotic mixture of tissues_fognd

' ]
in teraeomas.'

. How{can the develonment of teratomag from grafts'of

-’\.

,ﬁearly‘mouse embryos be explained? ‘Do they arise from the

disorganization of the grafted embryonlc tissue, or—is—it—
the primordial qem cell*‘ Whi.ch eventually give rise to the ‘
y N . )

82 .

tumour? .



The experiments in Sectidn C were designcd to agswer
" these qucstions. By separating the mouse cylinder in two

&

parts in such a way that, one part contains the extra—embryonic
membrancs, the primordial germ célls, and - some somatic
tissuc, aé% the other part only 50matic tissues,.it can be
Adgterminéd what role is played by thc primordial gdrm cells.
The only time this secnaration can bc made is at T days
ugcstation.' Earlier enbryos are too small to allow one to
dis;inquish the various parts of the embryo after removal

of the trophoblastic material, and by 8% days the primordlal-__
qerm cclls beqin ‘their. migration.

Although the primordial geim cells cannot be
identificd at 7%. days gestation, thc ‘embryonic studies A
,conducted in Experinent VII have confirmed the observations
qf.oﬁher'researchers who have‘identificd primordial gcrn
cells b} hisrochcmical methods at 8% days. From the extra-
cmbryonic gite where they are first seen at. 8& days, they .
migrate up the hindgut and arrive ‘in the gohadr at 11 days
(Chiauoine, 1954; mncz,,lgso Spiege‘lman and Bennett, 1973) .
Embryos used in the grafting exnerimcnts were all of

7Y ddyh' gestation. By, his tine the amnion has -extended :
-, across the prpamnidtic cayity separating the amniotic
cavity (and the embryonic portion of the egg cylinder)

~ from the exocclomc (the ™ exfra“embryonic~portionLL_,ALEU-bI*

this time the nrimitive streak, which started at the posterior

junction of the two portions has progressed around the shield

i . . . . _~‘



¢
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and’ has proliferated mesodern : laterally.andzcaudally

('rheiler, 1972: Snoll and. Stevens, 1966; Rugh, 1968) .

,at‘theileVel_ot the amnion and just anterior to he poznt“

. where the foregut develops. This;notch is easily se'n
under the dissecting microscoPe, making it possible to
aeparate the extra-embryonic portion fron the embryonic
shield.; Thie separation, houeVer, was made well below the
notch in order to be certain that there were~no germ cells e

h in the apield rtion (Plate 10 Figures 4 and 5) . e

~ The good qrowth of tumours from the embryonic

.ahield (74%) is evidence that these grouths are the result

. of proliferation of embryonic cells and that they are not.
derived from germ cells (Table 9). There is no statistical
differenco between tumours resulting from grafts of whole’

| enbryos; . 40 out ‘of. 50, .and those resulting from grafts of. -’

|

eabryonic shields, 26 out of 35 (P = 0. 57)

Iy

‘The one small growth (Plate 12) . resuLting from

implants of extra-embryonic COne ‘may have ‘alsé developed

trom‘the small amount of emeryonic‘tissue contained in these--

"\
qrafts. In fact, it was rather surprising "that only one

teratoma developed from thaae grafts.. he difference in

_f“_thu_numbers—o£*qrowths‘ﬁeriVed from embryonic shields (26

of 35) and from extra-embryonic cones {1 out of 35) is

out !
P = 0. 9999).

highly‘siqnificant atatistically (
1 Xz test

3
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Hany ‘of the testen which had been grafted with extre-
EQbryonic cones had larqe areas of hemorrhage. It is -not’
clear why extra-dmbryonic but not embryonic tissues would
.elicit this reaction. Stevens (1954, 1959) reported that
fetal and postnatal teratomas arising spontaneously in ‘

.ltrain.129 mice could be eaaily identified because of the
ngmorrhaging seen on gross ihspection of the testes.'

N

’ The-testonobontainihg growths deriﬁed from embryonic

~ shields vers someﬁhat smaller than those derived from whole

embryos (Table 10). " ysing an unpaired t-test, the difference_'

is siqniticant (P - 0.99). This difference -is particularly

‘ ovident in the-right ‘¢estis. The nean diameter of all xight

teltee containing grouthe from . embryonic shields was 5.1 mm
coupared vith 7.3 wm in the right testes containing grafts
af vhole enbryos., The much smaller size of the shield grafts
oould account for this difference in the sizes of growths..
CoIn Experinment I of Section A the right testis
appeared more receptive o the production of® teratomas when

whdle -embryos were used as grafts. Tumours developed in

j” 18 out of 25 left tentes (72!) and 52 out of 25 right testes
. (88%) Of hybrid hosts (Table 4). Similar percentages were

. obtained:vhen grafts of cmhryonic ‘shields were made to

hybrid host testes'. 10 out of 17 (59%) on ‘the left side

‘and 16 out of 18 (89\1 on- the right. These differences, .=

2
houever. are not signiticant (P = 0. 90). using X° test. \i

.

-

- N




. Although the techniques used by othef workers were
employad, none of the transplants from ;pield-derived tumoﬁrs
grew. - Only 4 out of 112 f Stgvens (1970c) 6-day grafts
were transplantable after rccovery perdod of 30 to 60
days. Those tumours which were transplantable fo;,many
generations had large arcas of undiﬁfercntiated embryoni¢&” o
cells. s : ‘ O

Teratomas dcveIOping from 7k- day embryos have-been ﬂ":
transplantablc (Damjanov, 1971) These cmbryos were
imolanted under the kfdney capsule and ‘left in place fora
2 to 8 months; Thcse workers were able to transplant odﬂy
the larqest tumours conposed of. nuch undiffercntlated
' embryonic ;issue. None of the snaller teratomas conposed'

of differentiated adult tissues were transplantable, P

-&he growths derived from cmbryonlc shlelds 1n. ? j?.
Experinent vIII were left in place only one month, and’
since they were composed prcdominantly of difﬁerentlated
tissueﬁ..it is not unexpected that these growths were not
tran;splantablt;r Bccausc the cxtra-cnbryon1c grafts
devcloped poorly, it is doubtful that, when "embryonic
grafts of this stage develqgﬁPs transplantablc tumours,

the germ ce1}3‘are tha}precursers of the malignant stem
cells., O2dzefiski (1969) has shown that germ cells in 8-day
'mlée quickly deterioratc when the hindgut is transplanted-

to the ante;io: ‘chambor of the eye. h A

- ) . .
s
. . .
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The £inal experiment (X) is a study of the earlé
development of the extra-cnbryonic grafts. Bven as, early
as th:ee days %fter the operation, the. host“has reacted to
-the gra;t and no embryonic tissue could be seen. However, .
veryvsmall arecas - of enbryonic tissue were observed in 3
grafts (days 5, 7 and dS). There was an arca of hemorrhage
in most_of.tho_testes, the size of which increased WLth '
the number of days from implantetion. - },'

The ekperiments q£ Section C have deﬂonstrated that‘
the tumouro obtained by the grnfting of T4 day cmbryos are
derived solely from somatic tissues. " These results lend

considerdble support to the theory that spoﬂtaneour

eratomas are derived from undifferentiated embryonic cells

vhich have escaped the influence of primary organf;ers;“
particularly in extra—gonadal jocations. The theory th;D
exgra qonadal teratomas are derived fron germ cells which
have strayed from their migratory’ pathway is still plausible.
" Should tﬁese'cells gurvive, they would not'be subject to

the same controlling neEhanisms had they arrived in the

~.

gonads.

° éonqenital tumours of the’gonadg also arise from
- clusters of disorganﬂfed undifferentiated cells, which are

likely derived from primordial germ cells. This"procees"

has been carefully studied and documented $n the nouse overy :

(Stevens and varnum, 1974) and in the. testis (ttount and



: . . 188 - -
;Ste&bns, 1971} . ' ' -
Therc is a strong genetic predi;ppsitzonfzgl B
spontaneous. gonad&l teratomas in mice. It is p0581ble that
'€he germ. cells bcgin to proiiferate because the controll;ng
influcnces in tho ovary or testis have fazled, allowan the’
_qerm cells to qpntxpue their developmental potential--as
do the pluripotential cells in extra gonadal locations when

thoiz controllinq influences fail.

1



4 ‘ ' -
SU‘MRY ven . t" :l;.‘ ".“‘2' '.

. The roBU};s of the experiments reoorthJiditﬁis

thesis squést some answers to the qoostionS'poséd at the

-,end of the introduction. ' ) - o

.

EY it possible to producc tératomaé-inﬂthe gonads’

" ‘of strains which are not qenetically su$ceptible to spon--

Ltaneous teratomas?

L

]

. The only strain of mouse in which sﬁootdnEOUS -

L

| tdsticular torabomas arise is strain 129. . Teratoﬁ%s,havé-
been produced by the grafting of qenital rldges or embXxyos
{n. only a very few strains. The. studies reported here' .

havc dcnonstrated that atrains ICR, CBH/F thezr Fl h)brld

and CBA are also susceptzblc to the dcvelopmcnt of
tcratomas by the graftinq Gf embryvos to the tcstzs. \‘
Is the testis .an - immunologxcally prxvileged Slte?

o Tcratomas devclopcd in more’ .than half the testes

of ICR and C3H/F nice from grafts of C3H/F X ICR enbryos,

even though skin grafts between these stra;ns are rapzdly

-

rcjected. ‘ ' ’ T
‘ Can teratomas ho produced in the OVary?

Toratomas ucre produced in one eighth of the ovarxes

™~
qra!tod with embryos. This 1ow frequency is likely due to,
taining embryos in these

4

ﬁhe_diff;culty of placing and main

: m%l organs. : ' ' ,\ o ' ’ ‘

89 . . “
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"”°Hhat role docs the host tissue play in tho'
experimental production of tcsticular teratomas?

Two experimoﬁts have dcmonstrated that it is the
embryontc tissue which develops as the: tumour. The injec~
tions of enbryonic ccll-free filtrate were unable to
induce host spermatoqonia to become neoplast%c; the

xperimcnt using embryoa béaring Té chromosomc mérker'hove
ahovn clearly that these tumours are composed of the
grafted enbryonic tissues.. _' , , '5\\\\;__

Arc donor or host spermatogonia capable of
torageforcinogenesis? L - T\‘

Injections of tcstostorone and placencnt of coppef
wire  in the testes of mice wcre ;ot able to 1nducc a -
neoplastic chapqe ig’soermatogoﬁia. Donor spermatogonia
and spermatooytes injected into testes diSplayed no furtoer
| dch?bpmonﬁ. _

l Do the germ cclfs.contribu:e td .the bfbduction.of_

O

. thcse tumours?

The experiments’ of the final section Have demon-— '
sttated that the cmbryoqic shield, which lacks primordial
. germ colls, is the portion of the graft which results 1n

a tnratoma. The tumours obtained by the grgftingrof 7%-day
embryos are derived solely from somatic tissues with no

contribution from the germ cells.

”

~
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