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ABSTRACT '

-,'

,>

"

J.
, Early in the developr.1ent of the--ernbryo, cells' lose

thei\t"M~ity to diffcren't~~te into any' adult' ty:e of cell.' . . . ,

and become c\etennil'led. 1\ cell which has achieved a certain

degree of differentiation' can ult;mate1y reproduce to form

only a liMit~d n~er of cell types ~lon~ th~ origin~l

line of diff~rent~tion: for examp~e, a 'primitive mesenchymal,
.. - 'I-

cell can ",.iye 'rise to only cOrTpective tissues such a,s

muscle or bone.

Apart ,from' the Erimordial germ cells <'those ce~ls

'which later qive rise to oocytes in the female and spermato-
/' .~

cytes'in'the ~~le}, all cells ~ave beg~ri to specialize,

with' a co~seg~~nt na~rOWing of'~heir' potential, ~ery early
.J

in gesta t.ion.

Ter~tonas are neoplasms which contain many ~inds of
, '

tissues ~hich arc foreign to the organ in which,they arise.
r' '

There }s controv,ersy" over whetber these tumours arise from
, \

the growth of cells which have escaped early'devclOpr.1enta~

controls~ or wh~ther they arise fram the proliferation of

the only multipotential cell in .the body, 'the germ cell.

Rather than foil~ing their normal' path of differentiation
, . .

I r1~"

c-:;;> to oocytes or SPC~l!.;t_rcy,tes, they might fulfil t;b.eir

potential to form almOst any kind ,of tissuc.< Thus tumours
, '.

compolled of skin, bone-, muscle, nervous' tissu~, and glands
',; ,

iii
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.'

~re found in adu~t testes and ~varies,
, ,.

Since the germ cells arise in theCJllbryonic yolk sao::

and travcl·u~.the umbilical cord to the de~eloping gonads,
,

ther~ is ~,theory that these multipotential cells may

occllsionally becom,e lost 'and much later, often in adulthood,

begin their proliferation in'sites a.long the midline: at- ... ~.

the ba!le of 'the' spine, in the ch~st and throat,

\

, .
The experiments in this thesis explore an animal

,
model in which teratomas can be produced by

I

thE; grafting of
! 1

, , ,

7~-daymouse enbryos, to the gonads of adult hosts: Accqfding

to the literature 'the tumour whi~h ,df~eloPs as Aresult ~f'

this o~ration is' identical to, those arising spontaneously. '"

in a highly inbred .str.ain of'·mouse. Those e1'Perimcntal

tumours which con~ain areas of undifferentiated ~issues.can

" ,
be tr~nsplanted to other hosts; soriletir.les retain'ing,their

"el!lbryonic nature for many generations,

':'Whole embryos develop as, teratomas in up to' 80\ of
.... ! ...

;> ).

grafts' to male ',hosts, The el!lbryos can be ClIt in sl;lch a way

that'one half contains extra-cl!lbryonic material (that which,
eventMlIlly forms the.placenta) and also the yolk sac con­

tain'i'nq the qerm"7ells, and, the .other !;Ialf which contains

only sonatic tissue.

"

.Grafts of the somatic parts result in omas in ,

7.' of the testes, II orate similar to tumours fro whole

embryos, whereas qraft's.of the, extrhr.tbryOniC pilrts
I 4 • _,~."

containing germ cells resulted in onl~ 1 small tericoma

iv' .
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cells to retain or regain their pluripotential nature "

malting it possible, ,!"hen co.nditic;lns' are 'ri:ght,. toproH'feratc
" _ 1. -t; - ."'C' c'

. . to form the ·'rlbnstrous· ,t\unour, tcra tona.
"

,:..

...
). \"

.•

,

•

may become faulty and'allo~ somatic

'In this exp~rimenta1 model,. it nas been demonstrated
r .

the primordial germ cell~ 9f the e~ryo are not res-

pon~ibtc for the. development of , the neopl~sms, but ~ather
• •

..

it i's the somatic cellS which are giving rise to these
" . -", , ,

.'
~ne must ask wncther the controls'which govern

that

of 3S grafts •.

tumours.
I

normal different~~tio~

/

\

" .' ,

•

, I

( , "



". "

,.
,
.'

..

,
My deepest appreciation is extended to "

. Dr. Dal(i'd' Carr .,i"ri his role as principal supe·rvisor.

uis en"thusi",s::! 'Jas a great inspirati'on during th~

..

. .development of this work.

Dr. Ilug~ Richr.1ond and Dr. Daniel Perey completed

Illy supervisory conmittee. Their cxpertfs,e

of pathology and i~unology was ~ valuable

-in the areas .
I '
contribution,

and I thnnk hoth.for the~r help and encou~agement.

-"
There' are many teachers', colleagues, and friends

who played an important part in the progress of my

Iin my own personal growth~

\
experi~ntal skills and

acknowledge, in particular, the 'assistance of .
. ~ .\-....

"rs. Ella Feleki, ~r."-Dins Gooden, and IIr. John McCoshen.

The guidance of.Dr. Charles Goldsnith in the"

is gratefully ~cknowledged. •,

"

(

• vi :'



SECTIO~ A ~rOd,Ucl'iori of teratomas' by. the
grafting of whole~mbryos to the
testes and ovaries of mice • • •

35

22

, 16

Page.

1

15/
, 18

. .. .. ..

~ .
· ~

· . .

\

· .
,.

'.. .. .. ..

.. . .

.. .. . ..

.. .. ".

.. ... ..

.. ... .. .. .. ..

. . .

TABLE OF' CO:-1TE:1TS

. .. . .

Introduction.

P.csul t.s •

~aterials'and ~ethods

Experiments determining the'
contribu~ion of testicular tissues
in teratoma growth. .~ • '.

Intr<>duction.

Haterials ':ln~ I-lethods

P.esults ••

"'Discussion.

-'

INTRODUCTIO:l

SECTIO:; a

- '

·OiSCU5sion •• ' ...... · . .

62

72

63

65 ,

•

.. .. - ..

germ

. .

.1 .. ... ..

•

· .
•

.. .. .. .. ..

!:<Itcri,als' arid ~"cthods

.Experi:'1cnts: dc!;ioncd to dctenn{nc
cell nart,icipation in qro',,'th of
teratOMaS 'at the embryonic st.~gc
inves tigated.. ••

In'troduction.

" Results •
'-.-

:
"

• • •BIBLIOCR,\PIIY •

• . . •,
~

,·'

• '. • . ~ • . . • •

~m%\RY••• : 89

82

91

••

. .•

••DiscuGllion. •Q,

, ,

vii
"



~,

r.
\

.,

':.,

~..

LtST OF EXPERIMENTS

\
,r'

u"~
Exnerinent. ... '- SECTIO:1 A

. -- . ,,( ,

Induction of teratomasoy the,grafting
of whole embryos to the testes,and
ovaries of mice, '

18. .

. . .. "• •

SECTIO:1 J3

'The gr'aftinqof ',C311/F 'x ICR
th~ ovaries of C3H/F and
C311/F X ICR hosts •

,The graft in,! of C311/F X ICR embryo.:; to
the te~ltes of ICR. C311/F' and

,C311/F X ICR·hosts •••••••••

I

Expc~iMents determininq ~ contr~bution
of tes~icular tissues in tcrat~a grow~~

Testes of ICR nice are·treateq with
Corper wire and testosterone .•• • 47. ,

-Injections of embryonic cell-free.
filt~ate into teste~ of hybrid mi~e 47

The qrafting of ernbr/os bearing T6 marker
to the teste's ,of hi,stoconpatible mice.. '48

The, grafting of ad'll t· spermatogonia to
the tC'Stes of ~CR'~nd <;311/F X ICR mife. , • 50

, SECTIO:IC .! "

EXPCr~men~s desiqned tol determine germ
colI purticipa!:ion in q:ro1o'th of teratonas
at~h:..c::oryo.nic stage !invcstigated,

Embryological studies to acmonstratc the
first appear1mce of pr1rnordial germ cells. 65

The gra'fting of' err.bryO~C shields' t~'
C311/r X ICR testes. • , • • .'. • • • • .66

The grafting of extra-enbryonic cones to
testes o~ C311/F X ICR mice. .'. • • • •• 66

E.:\rly staqes in the growth o~ ..'pxtra­
embryonic conen in the testb9'.--,' .' "

viii \
68



Number. Page
,..

1 Frecruency of teratonas arising from
I!JTIbryonic grafts to the left testis
only - Series 1\ · · · • · · · · • • 26

2 Frequency of teratonas arising fron
e~~onicgrafts ·to both testes of
strain ICR - Series B · · · · · : · 27

3 Frequency of t ratomas arising from ~

embryonis:: qra to both testes of
strain" C311/F es B · · · · · · · • 28

4 FrcCTucncy of arising fron
embryonic rafts to b th testes of
C31l/F X IC hosts - Se ies B. 29

,
; 5 S=ary of Tabl,es 2, 3, and 4 • 7. 30

-6 Dian~ter of testes.- in Millimeters,
"Experinent I. . · · · · · · · · · · ·31. ,',)

7 Frequency of ·teratonas arising ·fron I
grafts to ovaries - one side only · ..; 34-

8 Chrot:lOsone analysis of eight tumours
bearing T6 narker · · · · .. · .. · · S4

9 Fre'1uency of teratonas .~rising from
embryonic grafts to both te~tes of
C311/F- x ICR nice. .Q • · · : • • 77

10 Diameter of .C31l/F X ICR testes in
. nillimcters ,

78'. . · .. · · · ·•

11 E.arly'· developnent of extia-ernb~onic

\cones in the testis · · · · · · · 81

..,:
"

, LIST OF TABLES

. ix

"



'.

Number

1

2

j

4

., ····5

6

7

. LIST Or PLATES ~

, Embryos of 7~ days: gesta~on, situated
in the decidua, hefore and after re~oval
of trophoblas t and distal' endodert:l • •

Testicular teratomas in ICR, C311/r and
C311/F X ICR hosts.'. • • • • •

Reactions, in ICR' and C311/r hosts • . • .

~ariai1 ~r'atomaJ in \l C3H/F X IC.R ~ost'
Metaphase cells, one with homozygous T6
translocation, the other nort:lal. '. .

Test~s of hosts afterre~oval of copper
wire, and after injection of adult
spermatogonia and spematocytes. • • ••

.J\ •

~!etaphase cells in C·S;":':.::louse testes with
teratomas and ~cctions of the tumours

'from which the spreads were taken••

21

24

25

33

51

.56

57.

.-

8 Develooment of the enbrj'<L from7~ to
8~ days' gestoltion ••• " •. ' ••• • 69

13 C311/F X ICR testes 3, 7, and 9 days after
qra.fting of extra-enbryonic cone • • • • •

14 C311/1' X ICR testes containing s~a11 areas
ofe~ryoryic tissue 5 and 15 days after
graftinq of extra-enhryonic cone •••• '.,

C3H/F X ICR testi~ containing teratOt:la
derived from an embryonic shield ••

Pr~parations showing alkaline phospholtase
activity in the germ cells of enbryos at
8~ to 9'days of gestoltion•••••••••

f . .
Enbryos of 7~ daysJ gestation showing'
separatio~~into extra-enbryonic and
cr.mryonic po~tionG • • • • .'. • • • • • •

70

71

75

76 .
,

79

,
SO <:

. ,. .. .-.graft of
<

--A tumour and react ton from
extra'-er.-.bryonic cone • • •

9

11

12

10

.,
x



• f.'.

'"'-,

INTRODUCTION

"

.'

,-

f,orelgn to the ,part in which'
~ .~. .

The meanl~g~of the word

•A tera torna is.. a true tumour or neoplasm 'composed

In ~anteratomas can be found anywhere along t~e

teratoma is descrlpti,:,e of i~s bizarre nature, }iterally,

monstrous tumour.' Usually it' (;ont'ains a chaotic mi.xturc,

of multiple tis~ueii of' kinds
I 0

it arises" (Wlllls,' 1962a).

of repres~ntatives of ~ll three ge~ layers. ~om~ common
, ~ .' .

components of teratomas arc skin, cartilage, 91ands and

nervous tissue, all of'which arc "foreign" to the'gonad5~-a"',
favourite site of this 'tunour. ,

," .,'

"
midline or: in the gonads', .but tl\e main sites, in order of

• 0

frequ~ncy, arc ovaries, testes, anterior mediastinum, . '

, ret,roper i tone'ur.I·, f>resacra 1 and coccygea,l reg ion (Wi III s ;
" I ~ ,

1962a).
. .-

There have been reports~of teratornas
" ,,:

other th~n ,nan'•

in species
\ '

gonadal tl!ratomas have"..
been described arc' the horse (Willis and Rudduck, i'943'),

'~ .
ln whlch they ar}( occasi~nally found'in testes removed in,

routine 9~;dinloperations, the, guinea pig '.(Vink; 1970),

and the mOURe (Jackson and Brues, 1941; Stevens, 1954; and'

"Stevens and Varnum, 1974).

Non~ammal1an creatures 1n WH1Ch the tur.lour has

been reported ~re the toothcarp (Stolk, 1959) and fowl,.
t'i/ • "

1 , ','

'-
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I

(.

reviewed by Guthr1~,'1964, and Bre,sler, 1959'). Even the

l:llant kingdom is afflicted with tera~oma~ the crown gall

'(i1~ase (Braun ,., 19,6~) •
';.

Except for' e'xperimental breeding the {"ciden.ce of
I ';

" teratomas ,in lIIammals is extremely low. For many tJpecies
. '. " .j

Qof IIIll111llals there hllveneve~ b~dn' any reports 'af the tUlliour.

The dog~ for example, has been well investigated, yet

2

!.
;

-

. '

testicular teratolllas have not been described in ~is mammal

(Stevens ,1967), and ,onlyl 3 ovarian teral:OIIIas have been
. ":

f' "

reporj;ed (Willis" 1962a). Heier et al. (1969) describe the

only case known in-rabbits. Han is probably the speci~s

I .
most prone to the development of this neoplasm.

,It is·"di.~iicul1= to obtain ffgures ,on the incidence
. /' ...

." / I •
of terat~specauseof differences in reporting.' Some

r8gbtrie~(/~vide theseneciplasms into s~v:ral !group.s; from
,-

the les~ ifferentiated -embryonal- tum(i~s to the more,

tiighly itJerentlated teratoma~ (HH'ler and sel,elid, 1971)

to r lect differences in the' lite history of an~oplasm,

,.- fraa:!~~ ~~onic to the IlIOre ma~ure sta~eih' Others list

seminOma as a separate entity, and the rema~ing tumour
1

types come Undo~'t~e hoadinq of teratoma (Collins and Pugh,

1964). , "
. .

.)05 cases, (car~o et al,1971), only 3\ wereconBidered

Aithouqh ovarian teratomas' are mor~canmon than those
," , ':--" "

r • ;~

. in all other locations (Willis~ 1962a), they are usually" J . . / ,h__ , , ..

well differentiated
c
an8benign. In a20-year review o~

,, ..

, '
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3

0' ma~nant and ~ore than 90\ of the total were found i~ women
~~:

.~. over age 20. The -average age in Caruso's study was 32.

i'
.'
';'~.'.,
"
\',

.:
(.
~~.
i;.
"'.

"

There have been many such studies, but none gives the

incidence. of ovarian teratomas' in the general. papula tion •

The second most common site for teratomas~is the

testis, and b~au~,testicular carcinOma is a·leading c~e

. of cancer deaths in young men (Hostofi, 1973), there arc ".

many nore statistical records in the lite.rature than, ~or .,

its female counteroart. The incidence' rates are reviewed
',~. , '.; .... < '.!

hy Krain '(1973) who co.mpares uata from ~.~,~~f'1"iforni,i1
.. ,: J'~; __

TUlllor Registry with those 9f other state~ .llr{d';couritries.

There is a bimodal distribution of testicular canccir rates

(all histological ,descriptions including seminC?ma) 'With

peaks at aoes 25-34. and 75-84 years. Ttl.e incidence rates

of'tes~icular tumours per 100,000 males vary greatly:

1.4 (Israel), 2.1 (England and \~ales), 2.6 (Califotnia ~'jid ~

Connecticutl, 5.3 . (Denmark) , and 6.3 (Copenhagen).
,

In

Norway the average incidence is 3.5 per 100,000 per year

(Miller and 5eljelid, 1971).
. I .

The I!lOrtallty rate for testicular tumours in American

children aoes 0 to 14 who have not reached puberty is less
I

than 1 per million per 'year (Li and Fraumeni, 1972). Thefe

is an age peak in infancy in which 51\ of the deaths in,the.
Oto 5 age qroup resulted from embfY.anal carcin~., In

contrast to the highly malignant testicular teratomas in

a'dults, MOst teratomlls of the testis in infants and young

•
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4

'.

'children are benign (Abell and Holtz. 1963) ..
. ""

~part from the gonads, the most common site of",

teratomas is the anterior mediastinum". Tw!I0urs in this

location are usually not d'etected until, adul~; 1:if~~d

are generally Malignant (Martini et a1. 1974). Whether

teratomas in the anterior mediastinum ,arise de novo or as

the result of metastases ftom the testis is an open guestion.
(

Martini et al (1974) suggest that because 8 of·35 pa~ients
, .

in their study~ere female, ~hese tumours originate9 in

the Mediastinum. They do not say whether the gonads were

inspected for scarring.

'> All other midline teratomas are, generally present
, .

at birth or are discovered soon afterwards (Partlow'and

Tllybi, 1971). These tumours' are loca ted in the retro­

oeritoneUM. oresacral ,and coc~geal regions. and· they are

USUllily beni'!n (Hil~is. 1962b).

In addition to these More common loca~ions. teratonas
"

"

have b~~n found in some unusual sites. There have been
, '

recent'reportn of these rare tumours in 'the face lGifford
.

and l!acCollurn. 1972). eye Warber et al, ,1974). tongue

(Bras et .iI, 1969). heart (Cabanas. 197~). lcldney (Dehner.,

1973), uterine tube (P'..:lzzarella e.t Ill. ,1972), and placenta

(Joseph.and Voqt. 1973).

-I

~hcre have been many conflicting hypotheses on the

,etio'logy ofteratoMils. and even today researchers aro not in
• 1 '


























































































































































































































