INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, éharts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overlaps.

ProQuest information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI




]




DYSPLASTA ALD CARCINOLA OF THE UTERIINE
CERVIX AND VAGIMA IN MICE AillD RATS

Effects of linimal Dose Application of 20-Methylcholanthrene







DYSPL.STA oIID CARCINOIL. OF THE UTERINE

CERVIX AlID VaGIilh IIT ITCE ATID RATS

Effccts of linimal Dosc Avplication of 20-llethylcholanthrene

A Thesis

Presented to the University of Ottawa in Partial
Fulfillnent of the Requireiients for the

Degree of Doctor of Philosophy.

by

alté d’'o
\qe!‘ f%h’

’ o
Yong H. Yang, H.D. " gmuiomiques

April 1963. . fn’“ﬁﬂﬂm}

3 WERARES o
s )
g 4’6’8“’ of o®
e, '




UMI Number: DC52499

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, andimproper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DC52499
Copyright 2007 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.0O. Box 1346 '
Ann Arbor, Ml 48106-1346




I.'
1T,

IIT.

iv.

COHTLNTS

General Introductlion 4+ v« & v « o o e a o « o o 4 s 1

Induced Dysplasia and Carcinoma of the Uterine
Cervix and Vagina in Hjce and Rats o « o 6o v « ¢+ « 3

Introduction 4+ v« v« ¢ v ¢ ¢« o o ¢ ¢« ¢ & 0 & & b
Reviecw of the Iiterature C 1 e vt e e e e b
lMaterials and Iicthods . e ¢ o o ¢ o o o « 10
Observations « v o« o + & & ..,_;.3 e 19
Discussions .+ + « « « o e s ve v e v v 33

Surmary and ConcluSions , o e g o o + o « 42

Prinary Pulmonary Tunicurs in IMjce Following the
Application of 20-Methylcholahthréne to the” :
GLerine CerviX o 4 o o o o o o o » ¢ & o s-a o v 62

INErodUCtion e v o« « & o o o o o o o » o .~ 63
Review of the Literature . o o o o v e oo - Bl
lizterials and Hethods . o i o & aw v s o 67
Observetions o v v oo v ¢ 0 o o o « v o 08
DiSCuSSIONS ¢ o o s o o + = ¢ = o v o « v 71

Surmary and ConclusionNs .+ v o o o o » « « 78

Primary Mawmmary Tunours in Iice Following the
Application of 20-Hethylcholanthrche to the
Uterine CerviX .+ v o o ¢ o N o o o & o o & a o 89

Tntroduction .+ o o o + -« ;~: e e e . . 90
Review of the Literature . . » o & o .o 91
Materials and Methods o & ¢ o vy s o oo 9%
Observations « o o wa s v o o o+ o 0 o 95
DiSCUSSLONS o o o o v o s s9e o o o o o4 97
Surmary and Conclusions - o s « 3<s o o & 102

R




CONUTBIITS (centinucd)

Reticulcendcthelial Cell Hyperplasias and
Crystalline Haterial in Laboratory Iiice.

s 5 e & v S0

Reviow of the Literature < « « &

laterials and liethods . . e e

Swmary and Conclusions . ¢ s « =

V.
Introduction ...
Obscrvations .. .
Discussions . «
¥I, General Corments . +
VIT., Sunnary and Conclusions
VIII,
IX, Acknowledgerents .« s

-

- * - -~ X [ - L2 3

. L4 L] s -

a ® ¢ & = 3 4

BibLiOrLaDiY o o o o o o o v e a0 s

[N
[
1

. 118

119
120
12l
126
133
136
146
161
165
196




LIST OF TABLES

Surmary of @xperinents I, II, IIL; IV,and V . ¢ & 4 13

Hethylcholontlrene-treated I,C.R, Swiss Mice
Sacrificed in Pairs (BExperiment I) .+ . ¢ v % ¢ s o 20

Surmiory of Main Findings « o o s 4 0 e o s e i s 29

Sunmary of "Stainins Reactions of Histiotytes and
CryStalS . L} » [} [ 3 L] L RN B . - [} . . s @ L] ) . 132

- iii -~




LIST CF ILLUSTRATIOIS

: 1. The biopsy instrunent .« . . s e 0 e v e e e e .
2. Vacuclization of enithelial cclls 4 o & .o o ».
3. Vesiculation of cpitheliun .+ o v o ¢ o v o oo,

L.  Pscudocnithelicnatous hyperplasia of the -
° COI‘ViX utOI‘i . . . . - . . 3 » . . [] . LI .

5. Pseudocpitheliomatous hynerplasie of the’

Vagin& .. . . 2 a . . L] . . . 0 s e [} . _-n‘. [ ‘:, ..

(@)

. Dysplasia of cervical cpitirclium e e e e e

Dysplasia of cervical epithelium . . o o o oo

o ~)
‘e ..

Atypical vaginal exfoliates . . ¢ o &' v 6 o 0.

9. Atypical veginal exfoliates . . c e e
ldg Epidernmoid carcinona of the cervix and yagipa .
11A:' Invasive carcinoma of the cervix uteri , . . . .

11B, Scctional aspcct of bisccted uterus of
’ firmure 114, o & o v ¢ o v v s e e e e s e e s s

11C. Invasion of rectun by epiderntoild carc¢iinona
OF CErVAIX & v o o o o o o o o o o o' 0 o a 4 o

11D. Invasion by cnidermoid carcinoma into skeletal
S muscle of abdominal wall . . « o « & o o o

11E, BEpidermoid carcinoma of cervix, metastatic to
periacrtic lymph nodes . , o« « o o o 0 0 0w e e

12A. Zpidernoid carcinoma of the cervix with direct
extension to the uterine body and vaginal wall,
rietastasis to right Iung .« o ¢ o o v 0 e e e

12B, Epidecrnoid carcinoma of the cervix uteri,
rictast&bic to 1lung o 0 0 v v e e e e e e e 4

- iv =




LIST OF ILLUSTRATIONS (eontinued)

13, Carcinomatous mass involving sectioned uterus
and UPPCY VafiNna 4 o o o s s o o s o ¢ o s »

lL. Fultiple vulrionary twhlours. , «+ ¢ o & = » o s s

15, Pulnonary adenomlil . . o+ + « o o o o o v o s »

16, Pulmonary adcnomatosis . v o0 ¢ o o o e ¢

174 Fibrosis in a uulmonary ncoplasn v ¢« e o
18. Inflagmauﬂon in the v101n1ty oi a tquur . .
19: Hyper»nlasia cf alveolar lining; cclls .. « o0
20, Malignant chanse in adenoma s e e e .’.

21, Vascular involvenent of tunour cells . e e e o

22, Tunmour enbcli in lung with uu1u1)lc 10alons .

23; Carcinoria of nmammery gland EEE NN ]
245 Bisccted mammary TUIOUYr o & o o ¢ ¢ ¢ ¢ 0 0 4
25; Adenocarcinona of mammary cland ., , . . .
26: Aden&éanthoma of marmary tissue . 4+ « .o o o o

27« Pulnonary nictastasis from adenocéreinona’
of mammary gland . . . ¢ 4 e s e s 6 s e & .

28: Vasculitis in cervix uteri . . . + . .+ . o .
29; Vasculitis in cervix utéri e e e e e e
30. Vasculitis in‘parametrium v e s ee e e e e
31, Vasculitis in sPLECH . & 4 4 o « o o o & « o
32. Vasculitis in lung .+ o 4 v s o o ¢ o o o .
33. UNecrotizing vasculitis in kidney . . . . .- -

34, Anyloidosis of SPICEM vu v v & o o« o o o . o .

61
. 8
. 82
;.8
. 85

g5

Y

105
. 105
. 105
. 108




LIST OF ILLUSTRATIONS (continued)

} 35, Anyloidosis of'kidney « s« e s C e e IR 117
36, Anyloidosis of LIVEr . . 4 . w et o o b . e a 117
37.' Plasma cells and anyloid.deposits in spleen . 117

38, The gross appearance of the left lung with®
i " histiocytes, bronchitis and pnecumonitis . v . . 139

39.  The aggregation of histiocytes in pulmonary™ -
©alr SaC5 4 4 4 e v ke s e e e e s e e e e s 139

40. High magnification of histioeytes . . . o+ . . }39
41. Crystals in the gall bladder . . . v . .. . LY
42,‘ Outline drawings of crystals . . . . . . . . . 142
43,j Photonicrosraph of crystals and llstlocytcs ;'; 1142

4L .- Crystals and histiocytes stained by nethyl '
’ ViOlet . . Y . - . - Y . » . . . o e . . o . . lLPZ

L5+ Iron reaction of crystals and histiocytes . -
) ln uhG luni" s o L . . . » . s e e .« v . - . - . 145

L6, Anidoblack stain of hronchlal cp1uhc11un
and histiocytes . . « ¢ v o v v 4 ¢ e 4 . e & X5

L7. Anidoblack stain of bronchial epithelium
and crystals . . v v 4 v v e e e s e e e e s e o 145

145

ol

L8, Methyl-green pyronin staining of crystals . .

- vi -




GRILRAL TITRODUCTICI!

Cancer is usually regorded as an irreversible
change in tissue and involves_alterations in the direction
of growth and differentiation. ihether cancer 'grows from a
single cell or from a number of single cells that have under-
sone malignant tronsformation is problenmatical. This does
not, however, alter the basic concept thet the nalignant cell
has been derived from a previously normal cell either direcc-
tly or by a series of stages and that_the concer cell is the
descendant of vreviously normal cells.

It is difficult to reccgnize or deternine which
particular cell will becomne malignont. llevertheless, dis-
tinctive lesions can often be noted in the affected tissues
during the tine between the action of the causgtive agent
and the development of the malignint neoplesm., This time
interval is referred to as the latent period, and cencer can
often be prgvented by apnropriate treatment of these precur-
sor lesions. |

The work described in this thesis was undertaken
to study the early cellular changes occurring in the latent
period of carcinogenesis and to determine the fate of atywnical
cells - associated with alterations induced by the apnlication
of ninimel anounts of carcinosen to the uterine cervix of
mice and rats.

During the investigation, primery tumours in the

lungs and nammary tissues of nice were encountered. These
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were considered to result from & rouote cction of the carcin-

ogen. Other local and systenic effcc@s ol the towically
applied chenicel egents were observed. These included vas-
culitis in the uterine cervix and in other internal organs.
and enyloidosis of the spleen, liver, kidneys and adrenals.
Hywerplasia of the reticuloendotlhwelicl cells with intra-
cellular and extreacellular crystalloid materiels was obser-
ved. These ere of sufficient immort and interest to include
in this report.

The study is, tlerefore, an investizgation of relat-
ionships between chenmtically induced dysnlesia and neoplasia
of the uterine cervix cnd vagine in mice and rats~with supp-
lenentary inquiry into lesions cncountered in the course of

these experinents.




Induced Dysplasic and Carcinoma
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IITRODUCTIOH

During the experimental induction of neoplastic

lesions, chonges in the rouse cervix antedating invasive
15,36, ;16,53 ,58,59,62

carcinome have been described by several ﬁuthors.
Studies in the nest several years have indicated the inpor-
tance of dysplasia (atyvical cell hyperplasia) of the cer-
vical epithelium, The significance of this lesion may be
summarized es follows:

a) Dysvlastic exfoliates are similar to those of car;

cinoma in sity;

b) Dysnlasia may occur adjacent to carcinoma in situ

or invasive carcinoma;

c) Dysplasia nerhaps develop‘into carcinoma in situ

or invasive carcinoma

d) Dysvlasias may »ersist for a long time or it may

disapwear; and

e) Dysplasias nay be difficult to differentiate

histologically from carcinoma in situ.

Dysnlestic changes are morpholozicelly atypical and
show patterns thet sugpest agsression but in their immedia
effects upon the host -they are benign. " The occurrence of
dysplasia previous to and adjacent to cancer in epitheliun
treated by corcinogenic chemicals znd In & variety of clin-
ical situations sug;;ests that the relotionship between these

ly6,11,30,38,43 , bk, 46,6k
two wrocesses is not fortultous.

in interest in the relationship between dysplasia and

carcinogencsis lead to the present investigation,




REVIEW OF THE LITERATURE

Experinental Work

Studies on the association between cheiicals and

carcinogenesis were ushered in by the work ef Sir lerc1vall
Potthlln the year of 1775. He observed the rela§1onsh1p be-
tween scrotal tuours in ghimney sweeps and_sootﬁ The in-
portance of a specific gxtrinsic carcinogen, the existence

of a long latent period, and the combination of local factors
in determining a susceptible site were recalized. 4 hundred
years later, von Volkmannéodoscribed the clinical features

of industrial derrctitis and cancer caused by coal tar.

In 1889 Hanaul7p11nted the scrotum of rats with tar
and was aole to induce dermatitis but not cancer; had he
chosen nice instead of rats he wou}d probably have advanced
research in this field by 25 years.

The cra of expecrimental chenical carcinogenesis be-
gan with the successful induction of skin cancer wigh coal
tar in thg cars of rabbits by Yamagiwa and Ichikawa ? in
1915-1918. Tunours of the skin of nmnice were sinilarly in-
ducecd in 1918 by Tsutsui%6 ‘

Attenpts teo induce carcinoma of the uterine cerv1x
and vagina began shortly after the discovery of the carcin-

ogenic propertics of crude tar. These were net with sporadlc

'35

success by nethods using direct trauna, ocstrogen adninis-
35,36,53,62 18,k2 ‘ 23

tration and applications of snc"ﬁa, tobacco tar and other




10,32,45,55,59 _ .
known cercinogens. The more consistently »positive results

3
were obtained by continuous epnlications of murified carcin-
orenic substences to the cervix end vegina.

Studies on carcinojenic effect of various oestrogens

28,53 40

have been reported by several torkers., Pfeiffer and Allen
attempted to induce uterine cervical cancer in nonkeys by
prolonggd exposurce to oestrogens and to carcinogenic hydro-
carbons. Observations were continued for ¢ to 13 years,
but cancers;wcre not observed in any of the ﬁonkeys. Overhol-
ser and Allgn renorted a number of cervical lesions closely
resenbling early epidermoid carcinoma in nmonkeys that had
received oestrone wcrenterclly. Cervical corcinonas were
also observed in nice whose necks and backs had been painted
with l,2,5,6—dibenzanth?acene and wvho irere given sinultan-
eous oestrone injectio%? "ese results indicate that oes-
trogsenic horiones pPossess SONC co-carcinogenic effect per-
haps by sensitizing the uterine cervix to the carcinogen.
However, it has been shoim that the prolonged subcutaneous
adninistration of oestrogens for neriods of over one year
produced cervical carcinomas in various strains of mice:l,lvr
suzgesting forlgestrbgens a nore direct cercinogenic action.

Cardner used nice of five different inbred strains
to determine effects of systemic or ﬁopical application of

oestrorgens alone or in conbination urith other steroids.

Cancer or premzlignant infiltretive lesions appeared in 15
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of 17 mice that retained vellets of sti}bestrol-cholestrol
throughout the course of the experiment. This work constit-
utes the best evidence tc da;e that oestrosens might act di-
rectly as a carcinogenic agoub,

Sxperinents on the wnossible cetiologic role of humen
snegna in cerviccl concer vere renorted. “Mile Fishman et

10
o1 found no tumours in mice after 16-months of intravaginal

painting with smegnc, Pratt-Thomas et 2l and lleins and his

18 .
collearues succeceded in wvroducing enidermoid carcinoma by

vagzinal injections of raw smegnx to dba-1 mice.

The early nethods of intraveginal a»nlication of
chenical carcinogens by injection or implantation in the
veginal veault, cervix and lower uterine segment of nice

7,839
and rats resulted in a fewr cases of invasive carcinonra.
This early work was hampered by the use of crude chemical
mixtures and incccurcte avplicotion of the chemicals to the
cervix. rurificd corcinogenic substances apilied directly

to the uterine cervix resulted in a considerably higher

' yicld of ewnidernoid carcinoma than occurred following either

the apnlicabhion of crude tar or tae injection of oestrogens.
58 )

von Hoan and ienzies and von Hcan amd Scarpelli were able
to mroduce invesive carcinoma of the cervix in & number of
C3H mice (%5 of 80)59 by intravaginallpainting with 3,4~
benzpyrene.

32

iurshy introduced a nethod of accurate placement




of a carcinogen by inserting a string saturcted with methyl-
cholapthrene into the cervical canal under direct visualiz-
ation. He was successful'in wroducing cervical cercinomas
in 27 of 35 strain A nice. By_this iicthod, the latent per-
iod was shortened to L4} months.

Dysplastic and neoplastic lesions were also induced
in the cervical and voginegl rucosae of CBH mice by applying
crude tobacco tar intravaginally five times weekly for L4

23 .
weeks. Lesions induced by tobacco tar in the cervix and/oxr
vagina of 03H mice were similar to those observed during_thr
develoonent of 3,4-benzpyrene-induced cervical carcinoma,
Podophyllin in minersl oil epnlied to the vaginal rortion
of the uterine cervix of mice and vonen nroduced lesions

19,20,22,29,4°

resembling atyniccl epithelial hyperplesia. ilone of
these lesions persisted after discontinuat;on of painting.
and no invasion of the stroma was observed. In 1962,
Kaminetzky and IicGre\?rl reported epidermoid carcinoma of
cervix and vagina in a nodophyllin-treated mouse. The
mouse had receiYed 120 apnlications of nodophyllin over a
15 month period.

~

Swontaneous Uterine Cervicel end Veginal Tunours in iice enc

Rats.
The relatively high incidence of mrlignent uterine
cervical or fundic neoplasms in mon does not apbear to have

a counternart in other narmmalian snecles.




lzice:

Very few enithelial tumours of the uterus of un-
treated:mice havi been renorted cnd cven these are quest-
iionable. Gardner? stated that only 6 of at least 3,000
untreated mice (0.2{%) had umwer vaginal or cervical cancer.
;According to renorts by Slye, Holmes and Yells? spontanecus
uterine tumours in mice have an incidence of less than 0.06
{vercent. Uterinc cervical cancer was occasionally observed
in mice of the TL: straii% but this strain has. become extinct
because of 2 high incidence of sterility.

Repotts in the litercture do not clways distinguish
clearly between cancer of the cerviix and cancer of the
body of the uterus in experimentai cninels., However, suont-
aneous tunours of the uterine horns in iilce are even rarer
thon those of the cervix.

Rats:

The incidence of snontaneous nclignant uterine'
twours in rais is very low and on%y few experimentally
induced tumourg have been observed.

A review of litercturce, therefore, indicates that
the cervix of mice and rats is suscewtible to carcinogen-
esis in resvonse to the apnlication of carcinogens, oest-
rosgens, onong other substances, but that in the nouse and
rot, this susceptibility, regerdless of strain, is not great
and that spontagepuS‘cervical cancer in mice and rats is

indeed a rarity.




HATERIALS A1ID iaT1IODS

Bxperinentel Aninals

212 virgin I.C.%. Swiss micex,_two to thrce months
old, were used in Lxperiments I and II.

159 virgin phenotypically normal Dituitucry Dward
strain nlce'm two to three ronths old, were enployed in

Experiments LII and V.

Py
T

100 virgin Sprague Dawley ratsf‘ , two to three
rmonths old, were used in wxperinent IV,

Al} aninels were fed liaster fox cubes and water
ad libitum. Tempercture in the animcl room Was naintained
betwecn 75—u0 Fabrenheit with a relative hunidity betwee:
1,0-60° '

Avpplicotion of Cercinogen in wxperiments I, II, and IIT(i dee’

_ Cotton bzlls of small dicncter were moistened ith
0.1 ml. of 0.5% 2C-riethylcholanthrene (20-1iC) dissolved in
acetone. These irere held with an cer drgssing ﬁorcep and
were inserted intreveginally tiwough a 2.0 or 3.0 mm ear
sneculum until firn resistonce indicoted contact with the
cervix ond voginal veult.

-

Applicction of Cmrc1no -en_in sxperinent v (Rats) and_V_(ldce)

A 23 gauge hypodermic needle, L cm long, vas mod-
ified by nartially oblitercting the nointed end to reduce
the patency of the lumen so tlot it was possible to del-

iver exectly one drop of the O Ol nl, of solution under

Conotﬁnt uebvc. '
HE Colony derived from stock wurchased from phe toscoe B.
Jaclkson l.emoricl Leborctory, Bor Horbor, iaine. -




2lly vipetted. The admixture of vaginal exfoliate and salin=

in equal parts of ether and 95% ethyl ﬁlconol gnd stained by

{Biopsy

W
i
N

- 11 -
gravity or jentle pressure on the »lunger. In Lxperiment IV,
carcinogen solutions were applied to rat cevvices under direct

vision through a nasal speculum, (Storz ilo. 1).
In .xperiment V, the carcinojen solution was apnlied to

s

mouse cervices under direct vision throuzh anotoscopic speculwn.

BExfoliztive Cviolosic wxcnination

A few drops of normal saline solution were intravagin-

was asvirated and smeared. The suear was fixed inmediately

37

the method of Pavanicolaou.

Biopsy svecimens were tolien fron cervices by means of
small biopsy ferceps™ (Fizure 1). The tissue waé fixed in
agueous formolin 10¢%, embedded in varaffin, serially sect-
ioned at 3 nicra intgrvals and stained with hiematoxylin,
nhloxine and saffron.

In wice the bionsy »rocedure was perforned blind after
visualizing the cervix and vaginal veult with an otoscope.
Unfortunately & 2 or 3 mm sweculun, the largest the mouse
verina will occoiodate without trauia, was too small to acc-
oriodate the biopsy forcevs. In rats the biopsy vrocedure vas
performed through thé nasal speculun previously described.
Autopsy

Uteri and vaginae were reimoved en bloc, w»inned out

*Hof fran "stralﬂht through’ forcen, the Storz Instrumnnt Co.,
St. Louis, lo., U.S.i.




- 12 -

on small cerdboard sheets and fixed in aqueous formalin 10%.

The fixed uteri and vaginae of rats were bisected longitud-
inally in the antero-posterioy plane. oach bloc so prod-
uced was embedded in maraffin., ilot less than 6 step sec-
tions cut 3 nicrons thick were thken at intervals of 6 or
9 microns and vere stained with haematoxylin, phloxine and

saffron.

Exverinents

Five experiments were carried out as outlined belou.
The strain and number of animals, schedules for treatments
and examinqtions are swmarized in Table 1. The carcinojen
used was 0.5\ 20-methylcholanthrene dissolved in acetone..
Controls were treated w%th acetone or saline alone,

-

Exnerinent I

This study was undertaken to obsarve initial cell-
ular response and patterns of proliferative chenges after
cercinosen treatnent.

56 I.C.R. Swiss mice were treated with c;rcinogen
and 56 with acetone by the method outlined above. Total
amounts of 1.0 nml. of 0.5 ZO-meihylcholanthrene in acetone
or acetone alone were awnnhlied to each iouse. Applications
were made on 10 accasions over a 5 week period. The first
2 applications were separated by a l.-day interval, Pairs
of trected and control mice were lilled at intervals spec-

ified in Table 2 on page 20.
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Experinment IT

This study was undertecken to observe dose-resnonse
variations thot might be encounpered in enithelicl reactions
of the cervix to the carcinoszen. dnincls were kent for their
life swans, 50 I.C.R. Swiss mice for cearcinogen treatment
and 50 for exnosure to acetone were divided into groups of
five so as to srovide 10 poired groups of test and control
animals. -lach »aired grou» qf animals vere given from 2
to 11 apnlications of 0.1 nl, of 0.5% ZO-methylcbolanthrene
in acetone or ccetone alone over & 6 week period.

Ixveriment II1

Forty ohenotynically normnl Pituitary. Dwarf strain
inice were divided into_three groﬁps. Group A comprised of
20 nice trgated with 0.1 ml. of cearcinozen tuice weekly for
five wegks. Groun B comprised of 10 mice treated with
acetone. Groun C conprised of 10 mice trcated withlnormal
saline. GCervicel bionsies and vaginel exfoliates were ex-

amined on the 20th, 4Oth and 6Cth days after the initial

o

aoplicction. Cervical bionsies were discontinued after the
3rd series of biopsies because of prohibitive comnlications.
The mice were Lept for their life spans.

Exverinent IV

100 Swrague Dawley rats were diviced invo two equal
grouns designoted A and B.
These: zrouns were again divided so that in group A,

30 rats were given 10 bi-weekly 0.02 ul, applications of
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20-methylcholanthrene. 10 rots were similarly treated by
acetone zlone, and 10 rats were treated by saline alone.
In croun B, 30 rats were given 30 bi-weekly apo-
lications of single doses of 20-methylcholenthrene. 10
control aninels were given 30 awplications of acetone and

ine.

},._J

10 were treated with 30 applications of sa
“hen sroun 4 rats and group B rats showed no
dysplestic response after 270 and 255 days respectively,:
the carcinogen trcatments were repeated at a level of 0.08
ml of methylcholanthrene daily, for 20 doys. Thus, methyl-
cholanthrene-treated rots of sroun A were given & total of
1.8 ml of the uethylcholonthrene ;olgtion vthile those of
group B were given & total of 2.2.nl. Controls were given
5 similar schedule of treatment with acetone or saline.
Lnfolistive cytologic excminations and cervical
bionsies were nerforiied once every 30 days %n 5 rats in
each of the exwerimental and control jroups. 'Thus 15 rats
in group 4 and 15 in group B were so excoriined. If any rats
showed evidence of dysplasia, all rcts in all groups were
exanined at monthly intervals thereafter. 10 rats from
cach group given‘mcthylcholanthrené were followed by exfol-
iative cytologic studies. These served as controls for bi-
onsy-induced artefact. Hecrgpsies on the rats were made

at termination of life spans.
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Experiment V

LS vhenotynically normal Pituitary Dwarf strain
mice designated group A were given 10 bi-weekly 0.02 ml.
applications of 0.5% solution qf 20-methylcholanthrene
in acetone to the cervix uteri., Asimilar schedule of
treatnments wit@ acetone in sinilar volumes was carried
out in 24 wice.

32 ohenotynicelly normal Fitultary Dwarf inlce
designated group B were given 30 bi-weekly 0.02 ml. app-
lications of methylcholanthrene to the cervix uteri, while
a sinilar schedule of acetone applications ﬁas carried
out in 1L mice of the same strain.

Two nethylcholenthrene-treated ice from group A,
two methvlcholanthrene-treated tice from group B, and one
control_mouse frou exch grou» were killed at monthly in-
tervals.,

Histolo~ic Criteria Used for the Diasnosis of Basal Cell

- Dysclasia,
Hyuernlasig lPseudoenitheliomatous Hynernlasic, Carcinoma

30,33,34,43

in Situ and Invesive Carcinoma. .

LA

A. Basal Cell Liywernlasiz.

Basal cell hyperplasia is a term used to describe

the rultinlication and heaping up of the basal cells of the

cervical enithelium. Some maturation does persist and there

renain a few layers of mature cnd cornified epithelial cells

on the surfoce.,
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B, Dyswnlasisa.

Dysnlastic cells are charccterized by cytomegaly
and vplecoiorpiism with or without cytoplasmic vecuolization,
karyomezaly with or without nuclecr pleomorphism, Iulti-

ucleated cells are few. iuclecr hyperchrometism is fre-

quently accompanied by irregular coarsc clumping of chromatin.

Iiitotic figures may be numerous but are infrequently atypical.

The dys»lastic cells are recognizable as atypical juvenile
forms of basal enithelium, clthough atyp%cal spinous and
troensitional cells are sometimes resent, In dysnlastic
epithelia, the abnormal cells are haphazardl& arranged.

In surface evithelium, only vertial diserientation of the
cell strata occurs, and m;turation, while defective and
incomplete, is not halted, Basenent nembranes remain in-
tact.

C. Carcinoma in Situ (Intra-ewithelicl Corcinoma) .

The entire thickness of the involved enithelium is
rade up of obnormal cells with the complete loss of normal
stratificction that accompanies naturation arrest. Pene-
tration of the bﬁsement'membrane is not demonstrable in
sten or serial sections. The accuracy of the diagnosis
denends u»on the number of sectiohs exanined cnd the in-
tervals at which they are cut, for basernent mewbrane
penetration ﬁgy be very ninute. Thgy are presumed to sig-

nal the onset of invasive carcinoma.
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D. - Pscudoewnithelionatous Hyncrnlasia.

Irrezular downgrovths of epithelium are present but
there is the lack of enanlasia and other cellular criteria
for the ccrcinoma. To these criteria the qualification
should be added that cancer is not relicbly distinguishable
f?om nseudoepitheliomatous hyperplasia excent by behaviour.

E. Invasive Carcinona.

Here the traditional cytomorphologic criteria for
melignancy are fulfilled, the basement nembrone are breached
and infiltrations of.the stroma often by clusters and cords
of cells are nresent. The diagnesis of invesive carcinoma
is besed on the following criteria: &) deep infiltration to
the strome, b) invasion of vascular channels, c) metastasis,
and d) cellular anaplasia to a degree inconsistent with

pseudoenithelionmatous hyperplasia; with or without abnormal

mitotic activity.
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OBSERVATICIS

BExveriment I

After the first application of the carcinogen, post
rorten examinations revealed polyrorpnonuclear leucocytic
infiltrations in the enithelium and stroma with nicroabscess
formations, After subsequent apnlications, vacuolar and
vesicular evnithelial chenges with necrosis, ulceration,
irrggular epitlielial downgrowths and dysplasia were obser-
ved. The distribution of these lesions in cervical and
vaginal epithelia in methylcholanthrene-treated mice with
reference to time of occurrence is given in Table 2.

Acute inflammations in the cervix uteri and vaginal
wall were most marked on the third and fourth day and begar
to subside at about 3 weeks after the application sterted.
The same degree of %nflammation was noted in acetone or
saline treated micc. |

Desenerctive changes with vacuolization and vesi-
culation of epithelial cytoplasn (Figures 2 and 3) appearec.
subsequent to the second epplication of the carcinogen. The
rost severe degree was observed at about the third week, at
which time a focus of evithelial necrosis was found. These
changes became inconspicuous after the 5th and 6th weeks.
While such changes were frequently observed in methyl-
cholanthrene-treated nice, they wrere fqund only nceasionally

and to ¢ lesser degree in control nilce.




Table 2, MC-treated I.C.R. Swiss Mice
(Experiment I} Sacrificed in Pairs.

Vacuolization & Pseudoepith, Basal Cell Abnormal
2:ng§ice ggiltf Vesicul. of Ep, | Hyperplasia Hyperplasia Dysplasia %;ﬁ;l%gg::s-)x
Vag. |[Cervix Vag. |[Cervix Vag. [Cervix Vag. |Cervix
1 1
3 1 )
5 1
8 1

11 1l

1, 1

17 2 - +

21 3 + + .

25 4 +

28 5 H, +

31 6 + + I

35 7 +

38 8 4 +# + + +

42 9

L5 10 T - + # + I

49 10 + i + H#

69 ‘| 10 + + + + I
100 10 + z
130 10 I i + + + I
160 10 I
190 10 1 3 i + | 3
220 10 + T + b T 3 T ¥
250 10 T 1 i b I i %
280 10 Multiple it ﬂf
310 10 Nul;i-pll E

1., One symbol (¢} indicates involvement of one member of a pair,
Two symbols ($) indicates involvement of both members of a pair,
Symbols (#) and (#) indicate, respectively, 2 and 3 lesions in one aniral,

2. X

Papanicolaou,G.N, Atlas of Exfoliative Cytology, Harvard Univ, Fress,

Cambridge, Mass,, 1954.
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Vasculitis with fibrinoid necrosis of the wall in
the cervix was first observed in one o£ the animals given
two applications of methylcholanthrene. Four out of 50
methylcbolanthrene—treated rmice had this necrotizing vas-
culitis., One control épimal had a similar angiitis in the

cervix and vcoginal wall,

Irregulor downgrowths of enitheliwa into the cervical

and vaginal stroma first avrneared in methylcholanthrene-
treated animals after two applicctions and thereafter were
frequently scen (Figures L and 5)., A feaw control animals
had similar changes. Thesc downgrowths were'composed of
basal cells with variable but linited atypia. l:ost of the
dovmzrowths were rounded or club—shape@ and avpeared to be
demarcated by a basement-type membrane. In two instances,
disorderly finger-like »rocesses extended into thebstroma
throuzh an inflamed basgment~type merbrane thet was in-
complete and indistinet., These lesions were interpreted )
as vseudoevnitheliomatous hyperplasia ratiher than carcinoma.
Dysplastic lesions were apparent shortly after the
Lth anplications of the carcinogen and as late as 310 days
sfter applications iere begun. Dysplasia of vaginal and/or
cervical epithelium aprmeared in 16 of 3L animels given 4
or more methylcholanthrene appliccotions. Dysplasia did
not apnear in the control mipe nor in nice given less than

L applications of carcinogen. The dyswplastic changes were
& o &
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characterized by the disorderly oricntction of enlarged va-
cuolated pleouorphic cells! with keryonegaly and minimal
hypéfchromatism (Figure 6). liitotic figures were more fre-
quent than in the wseudoepithelionctous hyperplasia, and
occasional atynicol mitoses were observed., .atypical ex-
foliates were found in mice with dysplastic lesions (Figures
8 and 9),

Carcinoma in situ or invesive carcinoma wes not
noted in any of the mice in this qxperimental group during
the 310 day course of observation,

Five nice ziven methylcholanthrene had pulmonary
adenomas and one mouse had leukenic inﬁiltrations in the
spleen, liver, kidneys and lymph nodes. Another mouse was
shovm to have aimyloidosis in the spleen, kidngys, and liver
with mesenteric and retroperitoneal abscesses.

Experimnent IT

Iiice given L or nmore applicotions of the carcinogen
had nseudoenitheliomatous hyverwnlasia, basal cell hyper-
nlasia, dygplasia or invasive ccrcinona with or without
metastasis. On the other hand, mice given tio or three
applications of the carcinoren(total amount of 0,3 ml. or
lgss) had neither dysplasia nor corcinoma in the genital
region., Control groups givgn acetone alone had no dys-
plastic change or carcinoma.

Dysplastic lesions in the cervix and/or vagina

were observed in 5 mice. The number of apnlications of
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carcinogen and the longevity of these nice was &s follows:

liouse i'lo, of Amnlicctions Duration of Life
(§ollo Win afp/;'ca ﬁ'o»ﬁ
= }“' lg+ 0'0\)!_5
2 L 238
3 9 283
b 9 285
5 10 1,03
6 11 109

Invasive carcinoma in the cervix endwgina was
observed in 6 mice (Figures 7, 10 and 13). The number of
aponlicotions of carcinogen and the longevity of these mice

was as follows:

Liouse ilo, of Awplications Duration of Life
(§llowing 'app/.'ca'ﬁ’an)
: b 3Tk days
2 L 1,52
3 5 155
L 8 385
5 9 285
6 10 278

The invesive cgrcinomas were solitary creyishe-
white masses avefaging 2.2 cn in diometer (ranging from 1,C
-3.8 cm in the greatest diameter) and involving the cervix
uteri and unper vagina with extension to the uterine body.
One tumour had met;stasized to the subcutaneous tissue of

the abdominsl wall. In two instences, the urinary bledders
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were dilated.because the neoplasms caused obstruction to the
urinary flow, ieoplastic infiltration into the urethra was
found on histologic examination in one case, Iilcroscopic
examination showed that all carcinomas were gpidermoid in
type with various degrees of differentiation.

Serial step sections failed to reveal dysplastic
changes in vaginal or cervical epitheliun of mice with in-
vasive carcinoma excent in one case, with dysplastic change
in the midportion of the vagina and invasive carcinoma of
the cervix.

Pulnonary tumours were observed in 13 methyl-
cholanthrene—trgated mice. There were pulmoﬁary tumours in
control animals, ILiammary tumours were found in 5 methyl-
cholapthrene-treated sice and one nouse of the control
group. Amyloid dewosits in the Lidneys, adrenals, spleen
or liver were iound in th;ee methylcheclanthrene-treated and
one acetone-treated nouse, Oné mouse of the control group
had a necrotizing angiitis in.the uterus and itidneys and
healing angiitis in the lungs. /A thymoma was found in one
methy}cholanthrene—treated rouse and in one acetone-treated
necuse. |

Dxvoeriment III

Biopsy specimens were initially taken from 40 mice
included in the methylchoclanthrene-treated groups. Biobpsy

specimens were adequate but four mice died from peritonitis
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attributable to perforation of the vaginal vault and one
from haemorrhage at the owerative site., After a second
series of biowsies @n 35 mice, another death was attribut-
able to weritonitis, Three nice subscquently developed
recto-vaginal fistulas. Aftgr a third series the biovsy
procedures were discontinued., Sw»rague Dawley rats, more
sultably for biowsy procedures,.were chosen for further
experimentation (Exveriment IV),

The first biopsies taken 20 days after thé init-
ial awplicction, revealed acute inflarmeations both in methyl-
cholanthrene and acetone-treated animals; vacuolar changes
in epithelial cytonlasis were present in one;third of the
methylcholanthrene-treated animzls, Inflammationg were
less marked in the 2nd and 3rd series of biopsies, One of
the third biopsy series revealed a ninute area of bagal cell
hyperplasia in one methylcholanthrene-treated mouse,

One miethylcholenthrene-treated mouse that lived
135 days had pseudoepitheliomatous hyperplasia of the cervix,
and another methylcholanthrene-treated rouse that lived 467
days had w»seudoenitnelionatous hynervlasia of tpe cervix and
vagina and basal éell hyvernlasia of the vagina. No dys-
plasia or cconcer was observed in the zjenival organs, but one
methylcholanthrene-treated mouse had marmary carcinoma.
llecrotizing vasculitis of the hecrt, peri-renal fat, liver,

uterine horn and parametrium irere encountered in one of the




- 26 -
test group. Angiitis in the cervix was observed in two
acetone~treated mice one of which also had amyloidosis in

the spleen, liver, adrenals, lkidneys and heart,

Exveriment IV

Biopsies of rat cervices under direct visual-
ization at 30-day intervals did not reveal dysplastic or
cercinomatous chonge. linimal degrees of vacuolar degen-
eration of cerviccl enithelium were seen in various rats
in the 2nd, 12th and 13th series of biopéies. No basal
cell hyvernlasia, pseudoevitheliomatous hyperplasia or
dysplasia was found in biopsy specimens and no atypia
suggestive of dysplastic or carcinomatous lesion were
seen in exfoliative cytologic studies.

Death attributed to nyometria, velvic inflammat-
ory disease and »eritonitis occuryed after the 2nd series
of avwlications of the carcinogen. Afutopsies of 9 rats
showed no changes in the cervix or vagina.

One ret developed a subcutaneous, firm mass on
the left latercl chest wall that was first noticed on the
217th day after the first application of nethylcholanthrene.
It was surgicaliy.resected on the 249th day, at which time
it measured 5 x L.5 x 3 cn. Histologic examination re-
vealed the tunour to be a manmary fibroadenoma.

Experiment V

Groun B mice, given 30 applications of carcinogen,
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developed basal cell hypernlasia and e»nithelial vacuoliz-
ation between the 55th and 80th day,.but these changes

were not observed after the &0th day, Dysplastic lesions
were first observed on the 55th doy and were observed
sworadically in the uterine cervix and vagina of mice up

to 261 days. Three mice in this group had dysplastic
changes in the vaging, and one of these had invasive car-
cinoma of the cervix. Dysplasia of the cervical epithelium
was seen in only one riouse. .

Seven gice that lived more than 176 days had in~
vasive carcinoma., Invasive carcinomas of the cervix with
direct extension to the uterine body and vaginal vault were
observed in 6 iiice., One mouse had an invasive epider@oid
carcinoma at the vulva involving the urethral orifice.

Four of the 6 fiice with cervical carcinoma had metastases
to lungs, sacral and lower peri~aortic lymph nodes;'perit—
oneunl, abdominal wall and ovary {Figures 11 and 12). Three
of 6 animals with carcinoma of the cervix uteri had extre-
nely dilated urinary bladders and death in these could pro-
bably be attributed to uremia, Iicroscopic infiltrations
of carcinoma inté the urethra was seen in these mice.

Severe bilateral hydronenhrosis and hydroureter was fcund
in one mouse. In four mice with invesive carcinoma of the
cervix, the neoplagtic process invelved the rectum, bladder,

urethra and vagina, Histologically, these tumours were
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epidermoid in tyne. One mouse w@th cervical carcinoma had
fibrosarcoma of the vaginal wall, Fibrosarcoma of the cer-
vix uteri was observed in a mouse that lived 326 days. The
tumour had metastasized to the left horn, tube and peri-
ovarian tissue, pancreas, abdominal wall and peritoneum.
Another mouse had a solitary pulmoncry adenona and mammary
adenocarcinoma was observed in & rouse that had no signif-
icant change in the genital orgons.

ilone of the groun A ndce that rrere given 10 app-
lications of the carcinogen showed dysplastic changes or
carcinoma in the cervix or vagina during 360 days of ob-
servation., Focal nodular hyperplasia of the fibrous el-
enents in the strone of the cervix was observeq histo-
logically in one nouse killed on the 180ih day.

Three animals in control grouns treated with 10
or 30 apnlications of acetone.had a nild chronic inflamm-
ation in the cervix or vagina. There was angiitis of the
cervix in two mice, one of which had glomerulonephritis
and fibrinoid necrotizing angiitis in the kidneys and a
relatively recent splenic infarct, i leiomyosarcoma of
the cervix was scen in a control mouse, given 10 applicat-
ions of -acetone, ?hat lived for 420 days after initiation

of the experiment.
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Summary of QObservations

The main findings in 153 methylcholanthrene-
treated riice and 106 controls are swmarized in Table 3.

. Of 112 mice that had been given 0,4 ml. or more
of 0,55 20-methylcholanthrene, dysplastic lesions in the
cervix and/or vagina were observed in 28 (25%) and invas-
ive carcinoma-invqlving the cervix and vegina were obser-
ved in 12 (10, 5). Dysplasia was observed as early as the
24th day and as late as the L03rd day after initial applic-
ation.

Invasive carcinoma was seen in mice that lived
from 155 to.452 deys after the first methylcholanthrene
apovlication., Serial tissue seétions of mice bearing in-
vasive carcinona in the genital organs showed concomittant
epithelial dys»lasia in 2 mice while in 10 others there
was no accompanying dysnlasia., Tive of the 12 invasive
carcinomas of the cervix netastasized Lo remote sites.

Sarcona of the cervix or vagina developed in two
nethylcholanthrene-treated mice and in one control mouse.
A Pituitary Dwarf strain mouse with fibrosarcoma of the
uterine cervix had metastastic lesions in the left horn,
tube, peri-ovarian tissue, pancreas, abdominal wall and
peritoneun, '

One niethylcholanthrene-treated mouse had invas-
ive ewidermoid carcinoma of the vulva and another had ker-

atoacanthoma of the vulva. The »ulmonary and nammary
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turours encountered in mice are reworted on pages 62 to 88

and 89 to 117 respectively. .

Vasculitis resenbling polyarteritis nodosa dev-
eloped in 7 methylcholanthrene-treated and in & acetone-
treated rice that were given 2 or more applications. In
all but one of these mice the uterus was involved; in 10
of 12, the angiitis (vasculitis)was prominent in the cer-
vix uteri.  In 5 mice, the vascular iosions were more
generalized and involved the heart, lungs, spleen, kid-
neys, ovaries or peri-rengl fet. llo vasculitis appeared
in saline-treated animals,

The cngiitis was necrotizing and involyed the
smallest branches of arterial and venous vessels. Hist-
ologicalliy, active and acute or rglatively inactive and
chronic inflarmation was observed., In an active phase,
the blood vessel wall was involved in a fibrinoid nec-
rosis and an intense cellular rcaction predominantly of
round cells, necutronnils and few eosinovhils (Figures 28,
29,30 and 33). lural thickening produced obliteration of
lumens where»fibrinoid nocrosis involved centire vessel
walls. These changeg were acconpanied by perivascular
cellular infiltrations, An inactive »hase was character-
ized by celluler fibrosis and mural thickening with

marked round cell infiltration without necrosis (Figures

31 and 32).
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imyloidosis was found in L nethylcholanthrene-

treated and ?n 2 acetone~treated riice after 4 or rore
applications, The anyloid had affinity for congo red
dye, stained metachromatically with mgthyl violet dye
and was periodic acid-Schiff positive. It was deposited
interstitially din heart, liver, sp}een, adrenal glands
and kidneys (Figures 34,35 and 35). In the area of
anyloid denosition, especially in spléenAand liver,
there were renarkable increases in nurbers of plasma o |
cells and lymnhocytes (Figure 3?). ilo amyloidosis app-
eared in saline-treated aninals. .

Hyperwlasia of peculiarly striated acidophilic
reticuloendothelial cells (histiocytqs) and crystalloid
materials vere observed in the lungs, gall bladder and
pulnonary hilar lymph nqdes of both acetone-treated and
rethylcholanthrene-trcated riice., ‘Uhiese are renorted in
detail on nages 118 to 1L5.

Sprqgue Qawlcy rats given nethylcholanthrene

(1.8 m1. or 2.2 ml.) had no significant local changes

during 390 days of observation.
&
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DISCUSSION

Minimum Dose of Carcinogen for Induction of Dysplasia

and Carcinona.,

A total of 0.k ml, solution of 0,5% methylchol-
anthrene in acetone appears to be the minimum dose for
induction of dysplasia and carcinoma in both Pituitary
Dwarf strain and I.C.R. §wiss mice regardless of the
duration of applicat@ons.' In I:C.R. Swiss nice of ex-
periments I and II, S.A ni, of Q.5% methylcholanthrene in
acetone in 4 applications of 0.1 ml. each was a threshold
for dysplastic and carcinogenic response in epithelial
fields of the lower genital tract. The quantity of
methylcholanthrene to produce an effect on the treated
epitheliun cannot be estimoted accurately. In Sxperiments
I and II the carcinopgen was apnlied in minute cotton balls
rioistened with methylcholanthrene solution and some of the
methylcholanthrere must not have recched the epithelial
cells. In Experiment V a similar qualification applies,

for some of the methylcholanthrene solution, when dropped

upon the cervix uteri, must have dispersed and flowed

away. Uevertheless, in Ixperiment V, 0.6 ml. of 0.5%
methylcholanthrene solution in 30 apnlications of 0.02 ml,
excited lower genital tract dysplasia or carcinoma in

Pituitary Dwarf stroin mice, while 0.2 ml. in 10 applications
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of 0,02 nml. failed to do so, The threshold of methylchol-
anthfene in acetone for lower genital tract dysplqsias and
carcinomas are apparently of about the same order.

liost previous experimental indiictions of cervical
carcinoma dependéd upon many.repeated apnlications of a
carcinogen for a long period. The present experiments, how-
ever, clearly indicate thet the ninimum dose required to in-
duce carcinoma and dysplasia of the cervix uteri is very
minute .
Rats:

To explain the negative response in methylgholan-
threne-treated rats, two possibiiities.are apparent, First,
the total dose awnlied to the rats may have been below the
threshold required to induce such changes in this gpecics or

tine required for its carcinogenic offect to beecorie man-

ifest sceon to have been insufficient. Sccondly,the Sprague Dawley

rat used in these experiments rey bg resistent to cervical
cancer induction by chemical agents,

The literature is not informative as to the suscep-
tibility of experimental induction 6f ﬁterine cancer in
Sprggue Daviley rats. Although many experiments concerning
chemically induced cervical cancer hove been carried out
using different strains of mice, siniler studies in rats
have not been widely undertaken. By mainting 9,10-dimethyl

-1,2-benzanthracene (DIBA) to the vagina and cervix uteri of
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female Black-hooded rats, Cherry and Glucksmenn induced
sarcoﬁas of the vaginal wall, minimal hyperplasia and
"pre~carcinomatous” lesions of the vaginal epithelium but
no carcinoma of the cervix or vagina.

Vellios and Griffin were initially mnable to pro-
duce carcinomas in the cervices of rats (Vistar strain) by
suspending 2 string impregnanted’with 17,12-dinethyl benz (a)
anthracene in the cervical canal, ihen the nrocedure was
reveated, however, with the use of a knot saturated with
beeswax and carcinogen so that the carcinogen mizht be re-
leased riore slowly, one third of the rats developed tumours
(epidermoid ccrcinoma, adenoacanthoma and carcinosarcoma)
of the cervix and endocervix.

Dysnlasia

Dysplasia of the cervix uteri and vagina is consid-
ered to be a sipgnificant chonge for the follwing reaéons:
(a) it did not avpear in control mice,(b) it precceded the
occurrence of invosive carcinoma, (c¢) the dose of carcinogen
required to induce the dysplastic lesion also produced car-
cinoma in the cervix and vagina of mice, and (d) dysplasia
observed in the experimental mice was similar to that seen in
the human cervix which at times accompanies both in situ and
. . . 1+)+
invasive carcinoma,

6,32,46, 59
llany investigators who heve produced experimental

carcinoma of the cervix in mice have described epithelial
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changes which neerly always preceded invasive carcinqma.
The present experimental works confiim these findings,

The appearance of dysplastic cells was usuvally pre-
ceded by an inflammatory reaction which began a few days
after the aditinistration of the carcinogen. The inflamn-
atory nrocess usually hed reached its peak and had begun
to subside at the time cellular dysnlasia beccite apparent,
Gellular abnornalities were found in ncorabasal and inter-
mediape layers ond were less distinet in the sunerficial
cells. Cytonlasiiic changes were rore noticeable than nu-
clear changes and consisted of the apnearance of cytop}as—
nic granules or vacuolcs, and enlargement of the cells,
lfuclear changes of experimental cervica% dysplasia consis-
ted primeridly in swelling of the nucleus, The nucleus often
assuned a vesicular appearance, but there.was no marked nu-
clear hywnerchronasia or abnormal nucleoli.

Definite information as to the reversibility or
irreversibility of dysplasia cannot be given. There is no
doubt, however,_that sorie of the dysplastic cells persisted
for a long time. Dysplastic lesions avnncared on the Zich
day after initial application and were evident as long as
jéS_days after the discontinuation of carcinogen applicat-
ion. Iilevertheless the minimal degrees of dysplasia may be
reversible and it is possible that as long as the changes
are confined.primarily to the cytoplasn the lesions are

frequently reversible, The nossible reversibility of chem-
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ically induced dysw»lastic changes in the cervix and vagina
is comparable to the regression of sone of the skin lesions
such as keratoacanthoma and squanious papil}oma after the
discontinuation of carcinogen apnlications.

In follow-up biownsies of 2,2 sclected casgs of
atypica; hyperplasia in hu@ans, Peclchan and Greeng found
that 40.5% disapveared, lQ.?% were assqciated witnh adjacent
A

carcinoma in situ, and 48.8% persisted. On the basis of

cytologic studies of cervical scrapingssfrom 209 human
cases with dysplastic lesions, SaEiroElﬁ concluded that
about 10% of the cases were progressive to cancer, 11% were
regressive to normal and the remaining 79% were Producing
precancer cells at the end of a 5 year follow-un.

There is a close relationshin betieen the occurr-
ence of dysplastic cells and invasive carcinoma. In the pre-
sent experiments, dyswvlastic lesions wreceded invasi&e car-
cinoma by 130 days and dysplastic lesions were the only
change which persisted throughout the obscrvation until in-
vasive carcinoma appeared., The concommitant dysplastic )
lesions were found in 2 of 12 mice bearing invasive carcino:na.
The relationship of dysnlasia and invasive carcinoma in the
huﬁan cervix was studied by Reagen et aﬁh who noted that dys-
plasia on the average occurred some 6 years earlier than did
in situ carcinome in humans. Patients with atypical epith-
elial hyperplasia of the cervix had a high .incidence of in

situ and invasive cervical carcinoma, esnecially if the
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abnormal cells occupied two-thirds or more of the thickness
22

of the epithelium,

Perinuclear Halos of Dysvlastic Cells

In these experiments, cytonlasmic vacuolization of
degenerating and dyswplastic epithelial cells are morpholog-
ically similar to the vacuclimation occurring in arsenical
keratoggs and carconima of the ski%% sore cells in Bowen's
disease, and Paget's cells in both extramaﬁmgry or mammary
lesions,

Vacuolization and ballooning in the upper layers of
the epithelium are cormionly encountered during epithelial
dysplasia. These changes are referred “o as "keilocytOtic

2L 52 1
atypia®, “warty atypia® and ‘perinuclear halo'l.
Although cytoplasmic vacuolization and ballooning in cells
have been illustrated and described as pert of & "precancer
cell complexf, the significance of the perineuclear vacuoles
is not clear. Occasionally, glycogen can be demonstrated
by special stains in single cells, but zenerally these cells
are not rich in glycogci% Vhile Safiroilu expressed the
opinion that the halo is a mechanically vroduced artefact,
this view is not widely held since the halo can be demonstrgtm
ed by a variety of techniques, including electron microscopy%

The halo cavity may well be filled with fluid. One
of the basic physiochemical differences between normal and

SL

cancer cells is the greater water content of tumour tissues.
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Broghamer and Christopherson made an interference micro-
scopic'study of aswirations from the vagina of nice whose
cervices were treated with 20-methylcholanthrene, Whereas
normal fresh cells were twice as large as were alcohol-
ether-fixed cells from normal animels, fresh cancer cells
had an average area 8 times as great as that of fixed
cancer cells. These findings indicate a marked increase in
alcohol-ether-extractable substances in cancer eells, with
a relativgly larger yproportion of this nezterial in the
cycoplasi, 1

Ayre quoted Cowdry and Gey as suggesting that the
halo is intranuclear and is vroduced by virus action. Thiery
et al in 1959 described virus-like particles in chemically
induced carcinoma of the uterine cervix of CBH/A mice treat-
ed with bi-weekly applications of 3,4-benzopyrene. They
suggested that virus-like particles were a result, rather
than the cause, of the carcinomatous orocess. Virus part-
icles are an unusual finding in chemically induced tumourgf
although they are found in mammary carcinoma known to carry
the milk factor.2 ‘ )

Vacuolization of the cytoplasm or, occasionally,
of tﬁe nucleus is also described as the immediate effect of
radiation on the squamous epithelia of the cervix and the

25

vagina,

Thus, the perinuclear halo and ballooning changes
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that occur in dysplastic cells in the course of carcino-
genesis annear to be the reflection of cellular damage
and metabolic changes.

Carcinona in Situ

Carcinoma in situ was not induced in these exper-
iments.0 This lesion has been previously repvorted by scme
authorg/ whereas others indicated that invasive cancer was
preceded by dysplasia but a stage equivalent to in situ car-
cinoma of humans was not noted. This important distinction
may,however, merely.reflect difference in internretation of
histologic sections.

The concent thet carcinoma in situ in humans is a
stage in the develgpment of clinically invasive carcinoma
is well recognized., ihether or not »rogression from in
situ to invasive coarcinona is inevitable if ?he Drocess is
left undisturbed has not yet been determined. .Hevertheiess,
there are many reasons to assume this sequence, The incid-
ence of carcinoga in situ and that of true carcinoma is
about the same? If carcinoma in situ is the pre-invasive
stage of cancer, the age of the patient should be younger
than of the patient with invasive cancer, It has been re-
ported that 38 years is the meag age for carcinoma in situ,
L8 years for invasive carcinoma.h Jomen in four grouvns
studied by Fidler and Boyes were as follows:

1. Carcinoma in situ - 41.7 years (473 cases)
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Cafcinoma vith discrete nicro-invasive foci -
L5.0 years (31 cases)
Occult invasive cqrcinoma with confluent in-
vesive foci - 51.0 years (20 cages)
Clinical inyasive carcinoma -~ 52.L years

(512 cases),
50

Carcinoma in situ of the cervix is six times

61

and invasive carcinoma of the cervix is five tines more

cormion in non-Jewish women than in Jevish women, In tissue

culture studies Zinser found that there were no apprec-

 iable differences between transnlanted tissue from a car-
' cinoma and thet from a carcinoma in situ and confirmed the

' similarity of growth nroverties of inveasive carcinoma and

of cercinoma in situy.




- LR =

SUMMARY AND CONCLUSIONS

Although spontaneous cervical cancer in mice and

rats is a rarity, a review of the literature indicates that

i the cervix of mice and rats is susceptible to dysplastic

t and carcinomatous changes induced by the application of

known chemical carcinogens; oestrogens and snegna.
Vhen the carcinogen is applied to the uterine

cervix in nice, the lesions seen to progress through the

- stages of acute inflanmation, degeneration cf epithelial
H 2

cells characterized by vacuolization and vesiculation of
cytoplasms, basal cell hyperplasia, pscudoepitheliomatous
hyperplasia, varying grades of dysplasia and finally ?o
invasive carcinoma with occasional distant metastases.

Dysplasia was followed by invasive carcinoma but
carcinonia in situ comparable to that seen in the human cer-
vix was not noted, Dysplastic lesion appeared in the cervix
or vagina as early as 24 days after the initial application‘
Invasive carcinona of the cervix and vagina started to app-
ear 155 days after the first application. )

Of 112 mice that had been given 0.4 ml, or more of

| 0.5% 20-nethylcholanthrene dissolved in acetone, dysplasia

in the cervix and/or vagina were observed in 28 mice (25%)

and invasive carcinonma involving the cervix and vagina were

' observed in 12 nide (10,7%) Mo carcinoma or dysplastic

lesion developed in acctone-treated or saline-treated con-

trol animals,,
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The nmininum dose that induced both dysplasia and
carcinoma in the uterine cervix and vagiga of‘I.C.RT Swiss
or Pituitary Dwarf strains Qflmice was 0.4 ml, of 0.5% 20-
rnethylcholanthrene. |

_Spraguc Dawley Rats given methylcholenthrene (1.8 N
ml. or 2.2 nl,) ﬁad no siznificant local chenges during
390 dajs of observetion by series of biopsy, exfoliative
cytological exanination and autonsy. The amounts of
nethylcholantiirene or time required for its carcinogenic
efifect to become manifest scem to have been insufficient,

Data as to the reversibility or irreversibility
of dysplastic lesions is not given but it was established
that somc dysplestic cells may versist as long as 368

days after the discontinuation of carcinogen awvplication.
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Figures 1, 2, andj
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A1l sections are stained with haematoxylin, phloxine
and saffron unless otherwise stated.

Figure 1. The biopsy instrument.

(Hoffman 7straight through® cutting forcen).

Figure 2. Vacuolization of epithelial cells appeared
17 days after methylcholanthrene was first applied.

Lxperiment I. X250.

Figure 3. Vesiculation of epithelium appeared 21
days after nethylcholanthrene was first apnlied.

Lxperiment I, Z125.
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Figures 4, 5 and 6
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Figure L. Pscudocnitheliomatous hynernlasia of

the cervix uteri. Experiment I. X145,

Figure 5. Pseudoenitheliomatous hypernlasia of

the vegina. Dxperiment I. 65,

Figure 6. Dysplasia of cervical ewithelium. Ixperiment
I. Large cells with vacuolated cytoplasm are arranged

n a disorderly faghion. Toward the surfece the flatt-

[

ening out of cells indicates that the capacity to str-
atify and mature is not wholly iost. The abnormal ep-
ithelium blends into the bordering heolthy mucosa to

the right of @he field without a sharp line of demar-

‘ cation, X125.







Figures 7,8,9, and 10.
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Figure 7. Dysp}asia of cervical epithelium.
Experiment II. Atypical cells are characterized
by abundant cytoplasm §howing ballooning degeneration
and large nuclei. Hote that not all layers are
involved desnite an abundant population of atypical cells.

X110,

Figure 8. Atypical vaginal exfoliates.
Experimermt I. Atynical cells are irregular, acecasi v

ally tadpole-shaped. Papanicolaou stain. X260.

Figure 9. Atynical vaginal exfoliates.
Experiment I. Iiuclear pleomorphism ond karyomegaly is

evident, Papanicolaou stain. X425.

Figure 10. Inidermoid c;rcinoma of the ce?vix and vagina.
Experiment II. Tais I.C.R. Swiss mouse ®as given 9
nethylcholanthrene apnlications and lived 285 days. The
carcinoma is principally exophytic. Dilatation of the
urinary bladder anparently reflects obstruction of the
urethra from extrinsic pressure cind invasion by the

neoplasm,
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Figures 114 and 115
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Figure 114, Invasive carcinoma of the cervix uteri.
Experiment V. The Pituitary Dwerf stroin ncuse tvias
given 10 nethylcholanthrene annlications and lived

261 days. The uterus is bisected. The mass in the

(O}

upper right is an ovaricon netostasis., The corpus

uteri is filled with necrotic debris.

" Figure 118, Sectional aspect of bisccted uterus of
Figure 11A, .
Experinent V group B. Uterus and vagina, urinary
bladder, urethra and rectun wvere renoved en bloc.
Carcinomatous extension into Qarame?rium and into

the uterine cornus is evident. £5.
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Figure 11C. Invesion of rectum by epiderioid carcinoma

of cervix.

Detail of Figure 11B - Experiment V group B. The

cancer invades the wall of the rectum to the level of

the mucosa, X52.

Figure 11D. Invasion by epidermnoid carcinona into skel-

etal muscle of abdominal wall.

Exveriment V group B. X1l5.

Figure 11E, DIpidermoid carcinoma of the cervix, netast-
atic to meri-cortvic lymph node.

Experiment V group B. Ileoplastic cells are well diff-

erentiated, X 50,
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Figures 124, 12B cnd 13,
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Figure 12A. Inidermoid carcinoma of the cervix with
direct extension to the uterine quy and vaginal
wall and metastasis to right lung.
Experiment V group B. The uterus is bisected; to the
right is the lung. The Pituitary Dwarf strain nmcuse
lived 26¢ days after the first of 30 methylcholanthrecne

applications,

Figure 12B. Epidermoid carcinoma of the cervix uteri,
retastatic to 1lung.
Experiment V group B. Iiicrosconic cpnearance of the

lesion illustrated in Figure 124, X115,

Figure 13. Carcinomatous mass invelving sectioned uterues

and upper »ortion of vagina,

-

Experiment II. ZI.C.R. Swiss mcuse was given L methyl-

cholanthrene apwlications and lived 374 days.







Prinery Pulmonary Tumours in liice
Following the Applicotion of
20-iiethylcholanthrene to the

Uterine Cervix.
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TIHITRODUCTION!

The epplication of chemical carcinogens to nice
of a susceptible strain either by methods of inhalation,
intratracheal injection or by application to 2 site remote

from the lung increcses the incidence of primary pulmonery
72,98,10..,113 10L :

neoplesns, ILurphy and Sturn discovered that the
application of ter to the skin increesed thé incidence of
lung tumours without leading to skin turnours when in each
mouse, a different area of skin ves treated in each of the
12 carcinogen apolication$. Since then,many investigators
have observed the action of carcinogens upon tissucs re-
mote from sites of epplication.

In this study, primary pulomonary neovlasms
were observed in two different strains of mice tregted with
minimel intravaginal doces of 20-mcthylcholanthrene. Various
aspects of this neoplasm are presented on the basis of ex~
amination. L. total of 102 such tumours in 19 animals was

observed.




- 6L -

REVIEY OF THE LITERATURE

ny,

Svontaneous Lung Tunours

The lung is the comrionest site of spontaneous

turour formation in the nouse. The incidence varies from
- 81,116"

strcin to strain, fron 4% to over 90%. These tumours are
usually alveolar adenonmcs and adenocarcinonas, Spont-
ancous bronchogenic squanous cell cearcinoilas reserbling
those in nan have rarcly been found in zodents.,

The first description of a spontaneous lung tumour

20 S 121 .
in the mnousc was by Limingood in 1896, Tyzzer in 1908
drew attention to the frequency of lung tumours in mice.
116
Slye, Holmes and Vells found lung tumours in 163 of 6,000
rmouse autopsics (4%); of the 163 nice with lung neoplasms,
: ’ 116
63 (38.6%) were belicved to be malignant. Slyc et al
pointed out that lung tumours rarely avnpecred before the
. 03
age of twelve months. Lynch found no tumours in nice under
the age of 8 months, and noted the greatest incidence at
2L months.
68

Sox had no appreciable infleunce. Bittner found
that the incidence of pulmonary tumour is apsroximately the
same in males as in virgin females of inbred A stroain of mice.

94,~96

Lynch crossed strains of mice with a high and
low incidence of swontaneous lung tunours and obtained con-
vincing results-that suscentibility to the development of

these tumours is inherited. She concluded that there are

constitutional tynes of mice differing in susceptibility to
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lung tunours d nd that these differences are organ-specific
81
and inherited. Heston and Dunn obscrved that the inciden-

ce of spontancous pulononary turours in strain & nice was
50 to 90% while stroin L nice appe fgd to be resistant to
the development of pulmonary tumours.

The swontancous pulilonary tunours reported thus
far were adenonas and adenocarcinonas e:ccotlggr the single
instance of a perivheral cpidermoid carcinowma. These 120
tunours wercconsidcrc%ﬁ% originate from cither alveolar
or bronchial epitheliumn. The tunours cre often situated
close to the pleura and may be single or multi?le.

Lung Tumours Induced by Chemical Commnounds

Lung tumour produced by carcinogen ie agents nay
be divided under two groups -- those nroduced by the direct
introduction of carcinogenic agents into the lung and those
produced by application or nuvoductlon of carcinogenic agents
at a remote part of the body.

Compounds used for inhalation methods are road dust
70 111
ifreed? from ter products, coal smoke soot  and ozonized
88 .66

gasoline. indervont anplied carcinogen directly by traons-

fixing lung tissue with silk thread coated by 1:2:5:6-
113
dibenzanthracene. Shimkin produced nulmonary adenonas by

intratracheal injection of dibenzanthraccie.

Other nethods cuployed for chemicel induction of
' 104 .
pulmonary tumours are painting i the skin, subcutaneous
66,101,102 113
inJectﬂons, intravenous injcctions, intrasplenic
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76

injections, introduction of carcinogens inteo the rectun,
110 98

vagina, peritoneal cavity and into stomach by intubation

100

or oral fceding. By these nethods, and with agents such

as lL-nitroquinoline Il-oxide, 20-ncthylcholanthrene, tar,

isonicotinic acid, hydrazid, dibenzanthreacene, benzpyrene

and urcthane, the incidence of pulmonary tumours ranged

from $.1 to 100%, that of control animals from 3 to 20%.

11 '
Shimkin and licClelland g shoired a dose-effect
relationshio, They injected ZO—mcthyléholanthrene intra-
venously into the tail veins of strain A male mice and
found that the increase in numbers .of pulmonaryhtumours
was related to an increase.in the dose and to time elapsed
after carcinogen injection. The induced tunours were in-

variebly multiple and both lungs were soretines extensively

but randonly riddled with ncoplasms.
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MATERIALS AID HETHODS

A total of 269 nice in.Exbofimeﬁt§ I, I1, IiI
and V were studied. 106 served as controls. Iiethods of
@ carcinogen application are described on pages 10 to 16.
: futopsy

The numbers and size of pulmonary nodules observed
grossly were rcgorded and lungs werc cribedded in toto for
seriql sections. All sections were cut at 3 nicron inter-
vals, and stgined routinely with haematoxylin, phloxine and
saffron dyes, Selective pulmonary lesicns were stained with
Mayer's mucicarmine, alcian blue, periodic acid;Schiff,
Gomori's aldehyde fuchsin, sudan III, o0il red O, and Wilder's

reticulum stains.
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OBSERVATIOIIS

Eighteen of 83 (22%) I.C.R. Swiss mice which were
given applications of methylcholanthrene had single or
multiple neoplasms in one or both lungs. rfone of the con-
trol I.C.R. Swiss mice had such lesions. One of 80 (1.3%)
methylcholanthrene-treated Fituitary Dwarf strain female
mice had a pulmonary tumour at 270 days of age. Control
Pituitary Dwarf.strain rnice had no pulmonary ncoplasns.

In 19 methylcholanthrene-treated mice with pulmonary tumours,
carcinoma of. the cervix and/or vagina occurred in only 3 mice,
and epithelial_dysplasia of the cervix and/or végina occurred
in only 2 rice. Fourteen nice shqwed no lesions at the site
of methylcholanthrene application.

Onc nouse treated with 20-nicthylcholanthrene had
three primary ncoplasils: nammary carcinoma, invasive carcin-
oma of the upper vagina and rultiple pulmonary adénqmata
with malignant change in one of adcnomatous lesions.

The pulmonary neoplasn werc sphcroid and varied fromn
nmicroscopic size to 6 rm, in diameter. The grossly visible
tumours were greyish—white, soft, mainly peripheral (Figure
14). The pleura close to the nodules was slightly thick-
ened and when the underlying tumour was large, the pleura
was unbilicated. In 13 of 19 nice thesc lesions wvere
riultiple varyi@é in number from 2 to 35; in 11 nicc they

were bilateral,.
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Hicroscopically, the lesions were non-cncapsul-
ated, composed of cuboidal or columnar epithelium arranged
in acinic and papillary patterns (Figure 15). The border-
ing lung parenchyma was conpressed indicating degrees of
exponsive enlergement, Tumour cells appeared to be invad-
ing on broad fronts and engglfing adjacent pulmonary alv-
eoli and bronchiolar lumens. The cytoplasn gf the cells
was slightly acidophilic and devoid of cilia, The nuclei
were single, round or oval with few nitotic figures. The
tumour cells werc usually supported by a sparse delicate
fibrous stroma. Two lesions revealed exaggerated fibrous
changes of the stroma and partial rgplacement of turnour
cells by fibrous tissuc (Figure 17). One lesion contained
a necrotic focus and collections of infleamnatory cells
(Figure 18). Imltiple foci of hyperplastic alveolar‘lining
cells were frequently foun@ in the lung with fully developed
turiour nodules (Figure 19).

an attempt was made to separate the pulnonary
neoplasns by histologic criteria into benign and nalignant
categories, but in no insgance were extrapulmonary rietast-
ases fror: any of these lesions observed. Of 102 tunours,
L lesions, in two I.C.R. Swiss riice,showed cvidence of
nalignant changes characterized by anaplasia, hyperchron-
atisn, frequeﬁﬁ'mitosis and disorientation of cells (Figure

20). Neoplastic cells were seen in the lunen of a blood
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vessel at the periphery of the tumour (Figure 21) and many
tunour cnboli were scen in the bbod vessels of both lungs
(Figure 22).

The fibrous strona supsorting pgroups of tumour
cells ?evcalcd sriell amounts of reticulun and no cleastic
fibres., Lack of ruein in the tumour ceclls was denonstrated
by the constantly negctive results with the periodic acid-

Schiff recaction, alcian blue and mucicarnine stains. Occ-

e

asionally, however, suall amounts of 45 positive substances
were found in the lunens of alveleid swaces in sorie tunour

or fats indicated

b

nodules. Sudan ITI and oil red O stains

that occasional cells contained a few linid granules,
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DISCUSSIOIS

The inpidence of primary pulrmonary turiours in nice
treated with 20-nethylcholanthrene to the cervical cos is
interesting because the site of tumour origin does not corr-
espond to the site where the concentration of introduced
carcinogen is apwarently sreatest, and because pulnonary
tuiours were often ;nduced in the absence of cancer at the
site of application. : Carcinogen or carcinogenic met-
abolites may have been rcached the lungs throusgh lymphatics
or veins, and lungs may have been tiore susceptible than the
lower genital tract to minimal carcinogenic stinuli,

In these studies, primary pulnonary turiours were
induced in 18 of 383 (22%) I.C.R. Swiss nice and in 1 0f92097
) 3

(1,3%) phenotypically normal Pituitary Dwarf mice. - Lynch

stated that her attempts to induce cancers in the lungs of
nice indicated that strains differ in susceptibility to
induced tumours, and that strains less susceptible to spont--
aneous srowths also were less susceptible to tar-induced tun~"
ours., - Carcinogenié tar in lanpblack failed to induce care
cinoma of the lung ih any Oil%OO senctically tumour-resis-
tant nice (057 Black strain) while an 8% incidence of lung
tumours in a less resistant strain of mice with chimneygsoot

111
was cbatined by Secling and Benignus. Heston and Dunmn

stated that intravenous injection of 0.5 ny. of 1,2,5,6-

dibenzanthracene produced 100% incidence of pulrionary tumours
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in strain 4 nice, which are highly susceptible to lung tunours,
and a 24% incidence in strain L nice, which are extrenely re-
sistant to the spontanegus development of such tunours.

Heston and Du;i shewed the precise site of action
of the genes controlling the production of puliionary tunwours.
They concluded thot rost of the genic action is localized in
the lung tissue itsclf'. Lung tiséucs from strain & and fron
strain L were transplanted subcutancously into the Fl hybrid
of the two strains., Following the intravenous injection of
dibenzanthracene intc the hosts, pulionary tunours were found
in 39,1% of the tronsplants fron strain . donoré and in 3.6%
of the transplants from strain L donocrs. Thus, a large part
of the differcnce in genetic susceptibility to pulnonary
twiours of the donor strains was retained in the transplanted
tissue, suggesting that the action of at least nost of the
suscepntible genes by which these two strains differ is loc-
alized in the lung tissuec.

There.is no nornhologic difference between spont-

113,114,120

anccus and chenically induced tunours, betwecen tunours in-

. : 114
duced in diffcrent strains of uice, between tuulours pro-

114

duced by different carcinogenic chemical compoun%ii between
tuniours induced by different routes of injection, or
between tunours induced by the same carcinogens in different

114 K
riedia,
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The histogenesisof cheniically induccd pulmonargs

turours in nice hos been a point of controversy. Ilagnus

107,108
and Orr suggested the origin of thesce tunours from 6
7
brenchial or bronchiolar cpitheliun, whereas Furth and Furth,
70 79 103

Carpbell, Grady and Stewart and others believe that the
origin of the tunours is from alveolar cwithelium, It is.
also the author's opinion that the tumours originate from
alveglar lining cells, Light microscopic exanination dis-
closed an intimate relationship of tunour cells to alveolar
septa, and a resgmblance between alveolar lining cells and
neoplastic cells. Hyperplastic foci of alveolar cells were
frequently nresent in the tunour bearing lungs. Recent elect-
ton microsconic studies confirmied the alveolar cell origin
106,120
of chemically induced and spontaniggs pulrionary adenonas.
In ultrastructure studies, S5voboda nointed out the reser-
blance cf tuwiour cells to alvcolar enitneliwa in terms of
cell size, nuclear configuration, the presence of microvilli,
the amnount of distribution of endoplasiiic reticuluri, the
size and structure of mitochondria, and nore spegifically,
possession of lamnellar-transfcriied nitochrondria, Although
structural sinilarity between alveolar lining cells and
twiour cells does not necessarily inply identity, these
norphological studics support the view that cells Qomprising

pulnonary adenorias are derived freom alveolar cells.




i
4
s

- Tl -

The cclls undergoing ncoplastic change and their
rodes of differentiation are of interest in the s tudy of
pulinonary carcinogenesis in nice.. & striking contrast is
present in the neoplastic sroclivitics, whether spontaneous
or induced, of alveolar lining cells and epitheliun of the
bronchial tree in mice. Chemical carcinogens avplied at
sites renote from lungs by various nethods have iincreased
the incidence cof spontancous adenonic.s’ in riice' and these

79,106,120
have been said to arise from alveolar lining cclls.,
But the sarie carcinogens inpregnated in-thread transfixed

66 83,84,117,1186

in lung or instilled in lung transplants - induced
squarious cell carcinoia in bronchial epitheliun, Lpidermoid
carcinoma has alsc been produced by dircct application of a
cherical carcinogen to the bronchial epitheliun of the han-

75

ster.

Although the question of whether alveolar lining
cells are epithelial or nesenchynal is not resolved, sauanous
netaplasia night well be expected if alveolar lining cells
were, in fact, epithelial cells. The nossibility of a squaiious
netaplasia has been discussed in connccfion with studies of
lungs in rats suffering from Vitamin 4 deficiency and fron

9¢%,109 g9 71
exposure to tars. Lisco and Cember and ‘atson
described benign squaricus rietaplasia, together with carcinona
of alveolar lining cells in rats by radiocactive naterials.

117,118 .
Smith hos described squanous netaplasia and epidernoid
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carcinoma of alveolar lining cells in dibenzanthraccne ex-~
posed lung transplants from foetal nice,

Chronic external gammaw-radiation increased the ineci-
dence of adenomatous tuniours that . were morphologiéally ident~
ical to spontaneous pulmonary neoplasiis in‘micc? 92 On the
other hand, alpha and beta internal enitters usually induced
squarous ccll careinona of the lung of nice, althouch a few
undiffergggiatcd carcinenas and adono-carcinoﬁas have been
reported., Continuous internal gomma emitters frequently pro-
duced bronchogepic squarious cell carcinoma and rarcly adenw~
oriatous turwours., Gates and”Warren77induced bronchopulnonary
epiderrioid carcinomas in mice by an internal enitter of garma
radiation, cobalt 60; they regarded the scurce of the neoplasn

as bronehial epitheliunm and found no evidence of necoplasns

arising from alveolar cells.

Histological differentiations of benisn from nmalignant

[

pulnonary tunours in mice are disputable. I&ajny'investigatorsrz3
74,79,85,101,113 119
considered all of thesec tumours benign. Stewart
expressed the opinion that all of thesec tunours malignant be-
cause of their local ipvasivencsg, transplantability and
ability to nctastasize. I--Ia{;nus9 considered scre of these
tuniours to be benign and others, that invaded the border of
lung tissge, invaded lynmphatics or metastasized, to be
malignant. Biancifiori and Ribacchi induced a total of
562 pulnqnary tumours in nice and regarded 10 tumours as

carcinoma on the grounds of atypical.structure and local
invasion of lung alveoli or bronchi, Onc of their animals
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116 :
showed nectastatic lesions. Slye ct al found 163 mice

with pulnonary tunours end og thesc malignency was diagnosed

in 63 (38.6%) micc,.. lagnus  reported a 75% malignancy ratc..
lictastasis of spontancous or chcuxdcally induced pul-

rionary tumours to renote sites is rarc. Ilo nctastasis fron

pulnonary tumours in micce was obscrved in the present study.

Sites of occasional nctastasis reported in the litcerature arc
: 67 116
liver and ovary in onc nousec, nediastinunm inétwo nice,
1l
chest wall, diaphragn er kidncy in two nice, heart in cne
70 70
rnousc, kidney in onc mouscé nediastinun and kidney in ong
‘ 9 9

rnouse, liver in onc nousce and adrenal gland in one riousc.
Despite a lack of PiS positive substances in the tun-

ours these lesions apvear to be aporoximote counterparts of

alveolar carcinomna or pulnonary adcnonlatosis in human and of

69

aagsickte of shecep. Bonne noted a similarity between

cy

cxperinentally incduced lung tumours in nice and certain
phascs of pulmonary adenonatosis (Jaagsickte) in sheep. In
respect to a simdlarity between pulnionary adenomatosis in
nen and in mice, two unusual cascs (one on untreated virgin
wild rwousec angzthc other an untrcatqd CBHb‘pousc) rccordcd
by Horn ct 2l are particularly interestiang. Pulnonary
tumourslin these nice were strikingly sinilar to those in
non, with rospect to o single layer of colummar cells lining

the alveoli. The cytoplasi of cach lining ccll contained &

large globule of ncus and vapillary tufts of proliferating
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cells projected.into the alveolar spaces in nany places.
Possible cau§ativc aments of vulnonary turcurs in mice
have been suggested. Haalandgofrequently found ncnatodes in
the lungs of nice with rmltiple adenomata, and he sugzested
that the tunours were the epd result of chronic irritation
produced by these parasites, 4 viral actiology of pulmingry

05

tunmours in nice was suggested first by flettleship et al

who observed lesions composed primarily of rononuclear cells;
with o few ncutrophils. This suggested a virus pnuenionia
and was observed in large segnents of lobes containing tun-

86,87

. ~ t . .
ours. In studies of pulmonary twiours, Klarner and Gieseking

described cytoplasmic inclusions containing 20 mm particlece
which they regarded as_viral particles poigébly aetioclogically
related to the tunours: However, Svoboda found no evid-
ence of virus or virus-like narticles in any of the pulnonary

tunours studied by an electron nicroscope.
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SUMMARY 1D COLCLUSIOIS

The local application of minimal amounts of 20-nethyl-
cholanthrene dissolyed in acetone to the uterine cervices of
two different strains of nice induced primary pulronary tuki-
ours in 18 of 83 (22%) I.C.R. Swiss wvice and in 1 of 80(1,3%)
phenotypically norral Pituitary Dwarf nice,

In 19 nethylcholanthrene-treated nice with pulrionary
tunours, carcinona of the cervix and/or vagina occurred in
only 3 mice, and epithelial dygplasia of the cervix and/or
vagina occurred in only 2 nice,

Control I.C.R. Swiss nice or phenotypically normal
Pituitary Dwarf strain mice treated with acetone of saline
had no pultionary tunours,

The tuniour cells are regarded as originating from alv- .
golar lining ccells on the basis of light microscopic examinations
Hyvperplastic foci of alveolar cells in the lung were frequently
found and norpvhological similarit%es between neonlastic cells
and alveolar lining cclls existeda

102 pulnonery tumours were classified histologically
and 98 lesions (95%) fell into benign (acenona) and 4 lesions
(4%) into nalignant (adénocarcinoma). lictestasis was not ob-
served.

Ho specific secretory substances were detected in neo-
plastic cells by histochemical methods. Despite norphological

similarities to humen alveolar adenonatosis and Jaagsiekte of
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sheep, pulmonary tunour cells in nice were virtually devoid

of rnucin,

Inflarmation was so minimal that no significant
correlation between inflasmation and carcinogenesis of lung

turours in nice could be made,




Figures 14, 15 and 16
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All sections are stained with haematoxylin, phloxine and
saffron unless otherwisc stated.

Figurce 1lk. Multiple pulmonary tunours.
Experinent II. Lungs from two I.C.R. Swiss mice treated
with 3 and 4 applications of nethylcholanthrene respect-
ively. Dlany bilateral, spherical nodules are scen. These

are nostly perivheral in dictribution.

Figure 15. Pulionary adenona,
Experiment ITI. Pituitary Dwarf strain nouge. .The adenoma
is subpleural, well circumscribed and surrounding alv-

ecli are comwressed. 4 papillary pattern predominates.

X70,

Figure 16, Pulnonary adenonatosis,
Ixverinent I1I. The Pituitary Dwarf strain nouse had

& pulnonary neoplasus bilateral in distribution. X32.
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Figures 17, 18 and 19
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Figure 17. Fibrosis in a pulnoncry ncoplasr,
Bxperinent II. ILicthylcholanthrene-trcated I.C.R. Swiss
riouse, The centre of the neoplastic nodule shows con-

siderable fibrosis. X110.

Figure 18. Inflammation in the vicinity of a tuour.
Experiment II. licte necrctic and inflarmaetory debris

adjacent to an epithelial growth,  {220.

Figure 19. Hywnervlasia of alveolar lining cells.
Experinent II., I.C.R. Swiss nousc treated with nethyl-
cholanthrene. Iultiple foci of hypernlastic alveolar

lining cells in the tumour-bearing lunsgs. X180,

o .
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Figurcs 20, 21 and 22
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Figure 20, Malignant changse in adenona.,
Bxperinent II. IHalignant cells have pleonorphic,
hypcrch?omatic nuclei and are atrranged in disorderly
fashion. An areca interpreted as benign lies in the

upper right corner of the illustration. X360.

Figure 21. Vascular involvenecnt of tumour cells.
Experinent II. Heoplastic, cells in a blood vessel

near the periphery of a lesion, X220,

Figure 22, Tuanour emboli in Iung with multiple lesions.
Experiment ITX. Tuncur cells arc adherent.to the blood

vessel walls. 4110,
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Prinory Hormary Tunours in Hice

Following thc Avplication of
20-ticthylcholanthrence to the

Uterine Cervix,
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II"TRODYCTICH

ILiormary tumours of the nmousc have been studied
in deteil by meny workers in the nost warticulerly with
respect to the gjenetics, virology, cindocrinology and bi-
ology of thesc tunours,

This chopter deals with o presentation of sev-.
cn cascs of manmery concer in mcthylcholanthrqnc—treated
nice ond onc cose in cn acctone-trected iouse, The car-
cinonas develoned only some tiiie after ninimel dogc app-

licotions of the substances to the uterine cervix,..
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REVIET OF THE LITSR.WURD

Turiours of marmmary tissucs ond lungs cre the
: 129
cormonest spontancous ncoplasms in mice. Crisp (1854)is

credited with the first description of o mzmmary tumour
’ 141
in the nouse. Livingood in 1896 reported spontancous

tunours cncountered in the mecrmeary rezions of mice, aond

suggested their origin from the meimery glond, ifter the
136
publication of Jensen's peper and following the wide dis-

tribution of his tunour to other cancer lcbdrotories,

~

these tumocurs of the mousec becane o stondard tool for &
veriety of investigations,
The incidencec of svontancous naimary concer

may very between more then S0 (C3H) znd less than 1%
' 132
(C57Black) in different streins of mice, The highest

incidence of naommary tumours found is 03.2% in breeding
154
L
females of BiLB/cf mice. Spontoncous nonmary concer in
132
the niousc is confined to the fernele sex, Breeding females

show a hish incidence of mammary tumours and the incid-

ence increcses with the number of litters born, but virgin
137
femeles develop concer rercly and then much leater in life.

For nccrly threc decodes it has becn known that
the adivinistretion of certain chemical carcinogens induces

marmary cancer in nice and rats, lirmary tumours have
123,130,142,143 126
been induced by skin peinting, subcutancous implantation,
131,150 12,,1324,135,155
intravenous injéection, oral adwinistration, end other
134,149

routcs.,
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liaisin cnd Coolen in 1936 tepeccatedly painted

the skin of nice with 20-nethylcholanthrenc or with
benzo (a)pyrene and observed that, in addition to cancer
of the sliin, ﬁagmary cancer arosc in 18% of the mice.
Engelbreth-Holé peinted mice and found thot memmery con-
cer arosc only in femeles. This experiment demonstriged
the sex difference in the process. Andervant and Dunn3
obtained mammery cancer in nilk=czent-free fenele mice
by percutaneous'applications of mcthylcholanthgne at
different sites, The induction of breast tumours by cut-
aneous anplication of methylcholanthrene has been studied
1.3
in mice of sevigél strains by lLiarchant. ‘

Bonscf in 195L implantod.paraffin‘wax nellets
containing a smell dose of the 20-methylcholonthrene into
the breast tissue and 16 weeks loter normcry corcinomes
head occurrecd in little wmore than half of the IF strain of
nice.

155

Uilson, Deids cnd Cox  were the first to ob-
scrve that digtant tunours arose after orel cearcinogen od-
ministrations. In their experinents, i-2-fluorenyl-acct-
anide evoked tumours of liver, bladder.cnd mommary gland
in rats. ‘hen milk-ogent-free C3H virgin nice (CBHb) were
sgiven a limited dose, by ora adninistration, of four chen-
ical carcinogens: 9,10-dimethyl-1l, 2-benzanthracene (DLBA),

20-methylcholenthrene (1€), 1:2:5, 6-dibenzenthracene (DBA)

and 3, L4-benzonyrene (BP); memmary tunours were induced in
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the percentoge of 52,9 (DLBA), 31.4 (i), 13.8 (DBA), and
) 124

3,6 (BP) resnectively.

Feedins of a single dosc of polycyclic hydro-

. . , "134,135

carbons sufficed to induce narmery concer in rats,
In Sprague Dawley adult fenale rats, nanory cancer devel-
oped invariably after oral adninistrotion of a single 20
ng. dose of 7,’lZ—dimethyl—benz(a)anthracene, dissolved

134
in sesane oil. The earliest nermary cancer induced by
this technique was detected by nalpation 20 days after the
administration, and 2ll rats had narmnry concer within &
few weeks thercafter.

Inplontotion of & compressed nellet of 20-neth-
ylcholanthrenc in the spleen was follovied by the.develop-

13, 1h9 ,

nemt of mammary concer., Orr in 1951 was able to induce

narmery tumours by intranasal cdninistration of 20-meth-

ylcholantihrene.
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LTERIALS AL 1:0GI0DS

1

L total of 269 mice in Ixperinents I, 11, III
and V were studied. 20-methylcholonthrene dissolved in
acetone wag annlicd to the uterine cervices of test mice.
Control micc were trected simileorly with acetone or sal-
ine alone. Iliethods of carinogen annlicotions are describ-
ed in detail on mage 10 to 16,

For histolosic exanination, tumour tiscues were
fixed in 10% formelin, crmbedded in noraffin,. cut three
microns in thickness and stoined ;outincly with haemat-

oxylin, nhloxine and saeffron dycs.
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OBSLERV..TIOIIS

_ Five of 50 (8.3%) T.C.R. Swiss mico and 2 of 52
(0,4%) Pituitory Dwerf strain mice treated with 4 or norce
nethylcholanthrene applications developed sipglc or nult-
iple marmary glend carcinemas, Onc of 68 (1.5%) acctone- .
treated I.0,R. Swiss mice developed a similar lesion. The
first tunour appoarcd on the 65th dry after methylcholan-
threne apnlication. The afflicted mice died from.Zl to
93 days after their nammary concer first appearcd. The
average survival tine after the tunour disco&ory was 43
deys. Three nice hqd nultiple lesions (2-4) and 5 nice
had a singlc tunour,

The ncoplastic messes (Figure 23) apvcared sub-
cutancously along the namary line and were discovered
first as srnll firm novablc ovoid or spherical but coarse
nodules, They grew rapidly and when the nass beeamie large
in size, the overlying skin surfoce becane necrotic and
m

ulccrated, e masses were well circumscribed end were

casily scvarcted from the surrounding structurcs. The

. o

average sise of the ie of wostiortem ¢x-
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a@ination was 2.8 cn in diancter and the largest being
4,3 cii. On cut surfdce, the twiour tissuc was usually
grey-unite and soft, often with nany arcas of hacnorr-
hages and ncercsis (Figure 24).

The histolegic diffcerentiation of 13 uconlastic

lesions from 8 rice was veriable but all were nalignant
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and acdenocarcinoma in type. There was a varying degree

of lumen formation, and ncoplastic cpithelicl cell lining
ronsed from onc to several layers in thickness(Figure 25).
These.cclls had frequent mitoses, some of which were aty-
pical. Abortive pland-like spoces were §cparatcd by thin
scpta of stromc with large bloed vessels. Cells were cub-
oidal or low colurmer with oval or round hyperchromatic
nuclei. _Thc cybonlasn wos abundent and showed merked pleo-
rniorphisr,

The cpnearance of epithelicl pcarls.aﬁd cornified
or non-cornificd squamous epithelial cclls (Figure 26) was
observed in 3 out of 13 turours, Arcas of cellular over-
growth in papillery fashions were also occasionally scemn,

Two I.C.0. Swiss mice had nulilonary netastases
oné onc clso hed nmediastinel lymnh node metastasis (Fig-
ure 27). Intercstingly only one nouse had carcinoma in
the cervix or vagina. One mousc had an arca of dysplasic
in the vaginal vault and one had ep%dermoid carcinoma of
the upper vagina,. tone of -the nice with nermary c;rcinomas

hoad lesions in the ovary or other cndocrinc orzons.
(8]
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DISCUSSION

The development of mammary cancer in mice depen-
ds on éeveral foctors: 1) hormonal stimmlation, 2) the
nilk agent or nanmary tumour agent (i7.), 3) genetic con-
stitubion and L) other envirommental factors such as diet,

Dircct evidence for the hormonal influence has
been obtained in several ways by many investigotors.

Early ovariectony inhibits or szrectly delays manmary tumour
1.0,146
formetion in females. liorziary concer develops in some
147
costrated nale corrying ovarian tronsplents, lLiammary tum-
ours heve been induced in male nice oflmany strains by the.
adninistretion of synthetic oestrogengfh Liammary carcin-
opgas have been induced by methylcholanthrene in male mice
thet have been given ocstrogen,
152

Shinkin nointed out the parallelism between the
incidence of meninry tumours in breeding females of various
inbred strains cnd the readiness with which carcinomas of
the breast were induced by oestrozens in mcle mice. He
sugzested thot the oestrogens were accelerators in the fe-~
nales end evocotors in the males,

By reciproccl crosscs between fémales of a high
and meles of o low mammary tumour strain, and vice versa,
the tunour incidence in the hybrid youn; wes i?qnd to re-
serible nore or less thot of the unother's straig% These

results could not be exnlained on principles of liendelian

inheritcance and pointed to some extra-chromosonal influence.
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The criticcl exnerinents to explain this phenorienon were

125 126~
conducted by Bittner and Bittner and Little. If the
babies fron mothers of a high nmaniary tumour strain were
removed immediately after birth, and allowed to be foster-
nursed by mothers of a low tumour strain, the tumour in-
cidence in the fostered young was nmuch reduced, Conversely,
the young of low-tumour strain suckled by high—tu@our fos-~
ter mothers acquired a high tumour susceptibility. The
extra-chromosonal faetor was evidgntly sorething transmitted
from mother to young through the mile'Extcﬁsi&c subscquent in-
vestigations have shown thot this milk agent has many of the

127
properties of a virus,

Althoush the develovment of meruiary tumours in the
mouse is lorpgely deperdent on horioncl stimulation and the
milk influence, genctical susceptibility is of concern and
acts through several channels, The effect of the milk ag-
ent depends on the strain in which it occurs. Genes alio '
control the hornonal aspects of mammary tstumour developmeig.

Various environmintal foctors affect the genesis
of mammary tumours in mice?7 Restricted feeding or dietary
deficiencies reduce the incidence of marary tumou%g? Diet
may exert en effect by influencing the growth of the body
or of the breast, or by modifying the amounts of and re-
lationship between various endocrine secretions. It is

not knovm whether diet or other environmental cornwnonents

influence the trensnission and otherwise modify the action
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of the milk agent.

As noted in the review of literature, carcino-
gens can induce mammary carcinomas both by direct and re-
¥ mote applications, but the precise mechanism of cercino-
genesis is not clear,

138 <

Khanolken in 1961 attennted to study mechanism .
of chemical induction of breast concer in mige after admin-
istration of cercinogens by differcent routes. 20-methyl-
cholanthrene was administered by three nethods: skin vaint-
ing, subcutaneous implantation of carcinogen nellets, and
painting the ovary, Twolprobable pathways for the action
of methylcholanthrene were suggested. One acted directly
on the epithelium of ﬁhe narmary gland and initiated the
neoplastic process. The other was through the endocrine
tissue of the ovary, which effected certain proximate
changes in the ov;rian tissue and renote changes in the
breast parenchyma. The cells of the breast pa;epchyma’were
thus transformed intc potential necovlastic cells.

139

Kirschbaum et al  conpared the histogenesis and
histological fectures of methylenclanthirene induced mammary‘
cancer and snontaneous mamnlary cancer.in. the nouse. The

najor difference was the prevalence of squanous metaplasia

of ductal epithelium during the development of the carcino-

gen-induced tumour. Ilany workers have noted squcnous meta-

plasia in mamnary tumours induced by carcinogenic hydrocar-
123,148 S
bons. - Of L5 tumours from the strain of iH mice, Strong
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153
and Williams found eleven werizgf the squamous netaplasie
type with keratinization. Bonser studied early changes an-
tecedent to tunour formation evoked by chemical ca;cinogen
applications, and rarely found squanous netaplasia. Squan-
ous metaplasia was seen in 3 of 13 namary carcinomas in the
present experimental work.

1.9

Orr listed squamous rmetaplasia and other hist-
ologic points of difference petveen snontancous and methyl-
cholanthrene induced tunours. In carcinogen-induced tunour,
the tubules arc larger and less regular in size; there are
solid aciner ond trabecular structures with intervening
fibrous or fibroblastic strome, there is a high degree of
cellular nleonornhism, the stroma is in general'much more
prominent than in the spontaneous turours, end o high pro-
nortion of the tumours are spindle cell sarcomata or car-
cinosarconata,

As the nethylcholanthrene-induced tunours differ
in certoin mespects fron s»ontaneous rurine tumours of
narmary glands, the possibility rust be considered that
the processes are unrelated, and thet the carcinogen does
not augnent a svontaneous mechanisn,

The significance of experimental data in mice!
in relation to the humcn disease, is not easy to assess.
The following are some comperative ports of interests.

(a) ilthough cancer of the breast in women app-

ears to be influenced by heredity, the in-

b o e o e
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iluence is slight,
There is, as yet, no convincing evidence that
prolonsed oestrogen adininistration is carcin-
ogenic for the breast in humons. In mice
nermary tunours develop nore frequently in
breeders then in virgins, wvhile in women
the opnosite seems to be the case. This fact
has been attributed to the fact that the
rousc corpus luteum does not produce progest-

) 145
erone in the virgin, while in women it does.
The possibility that o tunour agent may exist
in humen nilk by which marmery cancer is tran-
smitted from the mother to female offspring
has becen seriously considered. Animal exper-
inents indicates,howevere that such an agemnt

exists only in the nouse.
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SUiiZuRY A1D COICLULIONS

licrmary cercinomas develoned in 5 of 60 I.C.R.
Swiss mice and 2 of 52 Pituitary Dworf strein mice that
were given 0.4 nl. or uore of 0.5 20-nethylcholanthrene

~lications to the uterine cervix. One cf 68 acetone-

EY

ap
treated n@ce in the control grouvs showed similar mammary
neoplasns,

The narrery neoplasms encountered were nrincip-
ally adenocarcinoratous pattern with veriant microscopic
fectures. Three of 13 tumours werc adencacanthornes.

Two nice beering marmmary carcinonas had pulmonary metast-
ases ond one of these also had nedicstinal lymph node
metastesis,

The first tunour enpeared on the 65th dey after

>}

nethylcholenthrene application and the afflicted nice died

(M

from 21 to 93 days after their mcmmary cancer first app-
eared.

Develonnent of memmary tumours in mice depends
upon severzl fzctors including hormonal stimulation, the
nilk or virus agent, genetic constitution, diet and en-
viromnmental factors. )

Corcinogenic hydrocorbons induce nammary cencer
in milk-agent-free mice of strains which are either sus-
ceptible or resistant to the developrent of spontaneous

manmary carcinomna,




Figures 23,24 and 25
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All sections are stained with haemctoxylin, phloxine and
saffron unless otherwise stated.

Figure 23, Carcinoma of marmary gland.
Experiment II., I.C.R. Swiss niouse given 11 methylchol~
anthrene anplications to cervix uteri, The mass appear-
ed on the 65th day of the experiment. This.photograph

was taken on the 108th day of the experiment .

Figure 2. Bisected mammary tmmour.
An ovoid grey-vhite soft mass with areas of heenorrharse

and necrosis.

Figure 25. Adenocarcinoma of mammary gland.

6

Experiment V group B. This methylcholanthrene-treated
Pituitary Dwarf strain mouse lived 160 days. The lesion

.

is highly anaplastic. X70.
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Figures 26 and 27.
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Figure 26. Adenoacanthoma of memmary tissue.
Experiment V group B. One of the variant micro- .
scopic features of the tumour shown in Figure 25,
llote areas of squamoid differentiation of neoplastic

cells, X225.

Figure 27. Pulmonery metastasis from.adenocarcinoﬁa of
manmary glandrl
Experinent II. 1I.C.i. Swiss mouse given 4 methylchol-
anthrene asplications. Host of the metastatic nodule-

lie in peribronchicl lymvhatics. X70.







Figures 28, 29 and 30.
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Figure 28. Vasculitis in cervix uteri.
Experiment I. This vessel, presunably a precapillary
b arteriole, shows fibrinoid change in.its wall and peri-
vascular infiltration of lymphocytes. DBasal cell hyper-
plasia of cervical epithelium is scen in the uower part

ar

of the field, X1l1l5.

Figure 29. Vasculitis in cervix uteri.
Exverimont V group A. “Both venules cnd arterioles had
markedly thickened walls with nccrosis and verivescular

round cell infiltration. X115.

Figure 30. Vasculitis in parametriun.
Exneriment V groun B. Pre-capillary arterioles showlng
fibrinoid change with murcl thickening, narroving of

lunina ond werivascular leucocytic infiltrations. X185.







Figures 31, 32 and 33.
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Figure 31. Vasculitis in spleen.
Experiment V groun A, liethylcholanthrene~-treated Pitultary

Dwarf strain mousc. liote thickened fibrosed wall of arter-

iole., X7L.

Figure 32. Vasculitis in lung.
Experiment V.group A. Accetone-trecated Pituitar& Dwarf
stroin mousce. lote extremely thicliened walls of arteries
with marked subintimal fibrous hywervlasia and partially

occluded luniina. X110.

Figure 33. lecrotizing vasculitis in lidney.
Experiment V group &, Walls of lorge and small arteries

ibrinoid changes, llote a

Hy

s well s arterioles show
glonerular tuft at the hilus with thickened necrotic walls.

X225, Alcicon Blue -~ PiS stain.
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Figures 34, 35, 36 and 37.




- 116 -

Figure 34, Anyloidosis of spleen.

Experiment I, lLiethylcholanthrene-trecated I,0.i.. Swiss
flote pzle homogenous cmyloid deposition in the

nouse,
X35, Congo Red stain.

form of crescentic bands,

Figure 35, Amquidosis of kidney.

Experiment III. iicetone-treated P;tuitery Dwarf strain
mouse. Anyloid deposited in glomerular tuft. XL50.

Figure 36. Anyloidosis of liver.
Experiment II. liethylcholanthrene~treated I,C.R. Swiss
mouse. Amyloid material is depesited in sinusoids and

hepatic cords arc atrophic., X225,

Figure 37. Pla§ua cells and anyloid devosits in spleen.,
Experiment II., I.C.R, Swiss mousc treated by 9 methyl-
cholanthrene applications. The deposit of amyloid is
at.the right of picture. Proliferation of plasna cclls

{225,

about amyloid devosits was often conswnicuous.







Reticulocendothelial Cell Hyperplasias
and Crystalline Material in

Laboratory lMice.
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IITRODUCTION

Ihc renarkable activity of the roticuloendo-
thelial systoen in discasc results in o varicty of ana-
tonic changes. Hymerplasia of roticuloendothelial cells,
presunably histiocytes, was obscrved in various organs
of rice in these studics. These cells had a pcculiarly
strcaked aéidoph%lic cytorlasn and nany containcd crys-
talloid matcria}. Crystalloid naterial was also obscrved

extraccllularly.
Sinilar crystals and poticuloendothelial cells
161,164 ,166,167,175
have been described, yet their truc identity
and significance has not been conpletely cstablished.
The purposc of this chapter is to investigate the nature
and significance of the lesions that werce characterized

by collcctions of acidophilic cells and crystalloid nat-

erial in laboratory nice.




REVIEY OF THE LITERATURE

v=s
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Crystalloid materials in nice were noted by
166 - 176
Haaland in 1905 and Tyzzer in 1909 described and
photographed crystalloéd bodies that were wesent in the
; 161, _
lungs of mice, Green noted both extracellular and in-
tracellular crystals in lungs, and in three isolated cases
in the acinar cells of the pancreas, in the lumina cf the
endonietrial glands, and in the tissuc of a sarcora of the
thizh. His histochenical studies indicated that the cry-
stallinc substance was protein.
161 A

In Dunn's nonosraph  there is a photonicro-
rraph illustrating large nononuclear cells with peculiarly
streaked eosinophilic cytoplasn in a lynph node frem &
leukonic rousc. o
167

Horn ct al  reported two unusual cases of mice
with rultiple pulmonary adenonatosis characterized by nucus
secreting colummnar cpitheliurn, In the pneunonic lesion in
one of the mice, there was an infiltration with mononuclear
leucocytes. The cytoplasii of these colls were stained with
cogin and contained a few pignent granulces and innumerable

small ncedle-shaped crystals. These crystals were black

with iron haematoxylin, faint pink with fuchsin, dark

and pale blue with toluidine blue. Horn did not .suggest
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brown with vhosphotungstic acid hacnatoxylin, brown with silver
= O - b . ?
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what these staining rceactions indicated.
Man

Siniler crystals ond reticulocndothelial cell hyper-
plasia have been obscrved in man..

Crystals containced within nodules of nmultiple nye-
lona were described in the ribs, vertebrac, sternum, lynph

162 156
nodes and testes by Glaus, Gbrikosseff cnd Vulff re-
ported 2 casc of nultinle myelone in which needle-like,
rod-like and rectangular crystals were found in the periph-
cry of a tumour nodule in the rib. These authors showed by
chemical analysis that the crystals were closely related
to Bence Joncs wrotein, ‘
. . - 17L|’ . ‘ -/. .

Ritchie and leyer in 1936 rcported the case of

a 36 year old white female, with reticuloendothelial hyper-

W

o

lasia involving the livc?, spleen, lymph nodes, bone narrow
and the conncctive tissue., This was acconpanicd by format-
ion of bizarrc giant cells and crystals of unknown Conncs-
ition in phagocytes in widely distributed regions., Crystals
within the cvtoplasii of phageeytes were stained strongly by
eosin,.basic and acid fuchsin, and trinitrophenol(Van Gieson's
stain). They werc unstained by congo red~and were not inet-
achromnatic with methyl violet. .cids and alkalis of nod-
erate strength did not dissolve theu, nor did fat solvents,
They considerced that this case was onc of alcukeidc reti-

culoendotheliosis,
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A\ case of purpura haenorrhogica acconponicd by

-

widespread occurrence of crystals in the cytoplasn of
- "157

phagocytes was noted by igress and Smith, On post norten

Y

9,

exanination, many phagoeytic cclls containing cytoplasiiic
crystalline bodies werc scen in tissucs such as the spleen,
narrows of fermr, rivbs and sternu and renal tubules, adrenal ,
cortex, liver, lungs and heart, With hacnmatoxylin and ccsin,
crystals were stoined pink, with the Dominici stein decp
blue, with the Unna-Pappenhein stain bright decp red, with
Masson's polychrone stain bright red and with Foopc‘s e -
ification of the Biclschowsky stain pinkish-brown. These
authors sgggosted that the crystalline material was protein
in nature.

Various other unknown crystallince materials have

160,168,171

been cbserved by scveral authors.

Intranuclear Crystallinc Material in Other ininmals

Similor acidophilic crystalline naterials con-

tained in nuclei of cpithelial cclls of the liver and kid-
158,169,177 .
neys of dogs, and in the hepatic cells of wolves,
178
foxecs ana jackals have been observed and rcported in the

~

literature,
158
In 1909, Brandts reported squerc crystalline

acidophilic, iron-negative intranuclear inclusions in the
hepatic cpithelium of a dog. He cxpresscd doubt os to
their identification os truc hacrioglobin crystals, HMNicolau

169

and Kopciowska in 1936 alsc reported acidophilic cryst-
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alline intreonuclear inclusions in the livers of 27 of 44

dogs and in kidneys of 12 of 27 dogs Vith inclusions in

: the liver. These inclusions werce non-bircfrigent and were

% deronstrated te be iron-free on nicroincineration. They

i

postulated that such crystalline inc%usions were caused by

a saprophytic virus. Thompson ct al 77in 1959 observed
acidophilic crystals in cpithelial cclls of the liver and
kidneys of 13 dogs.. Their histochemical and physical pro-
cedures carried out upon paraffin-cmbedded tissue sections
showed that these crystals werc not conposed of hacnoglobin
or any of its iron-containing derivatives, nor of ninerals,
lipids, deoxyribonucl;ic acid, ribonucleic acid, giycoproteins,
cholesterol, glycogen,_mucin, mucopolysaccharides, polysacc-
harides or glycolipids. They have considerced the possible

role of altercd protein nuetabolism within affcected nuclei,
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MATERIALS AIID LIETHODS

Jutopsy tissues of internal organs and lyiph nodes
of various recsions of a total of 269 mice were studied for
acidophilic crystals and reticulocndothelial cell hyperplasia.
118 phenotypically normal Pituitary Dwgrf strain and 151
I.C.,R. Swiss femalc nice were exanined.

In order to detect crystalloid naterial or reti-
culocndothelial cell hyperplasia in these aninals, conplete
nistologic exoninations were done on the following tissues:
broin, stcrnal; vertebral and fenoral bone marrows, lynph
nodes fron various regions, thymus, heart, lungs, kidneys,
spleen, adrenals, uterus, ovaries, vagine, livery ékin,
stonach and intestine.

Formelin fixed tissucs werc cribedded in paraffin,
cut threce mnicra in thickness and s;aincd routinely with
hacnatoxylin, phloxine and saffron. Sections of tissues
with reticulocndothelinl cell hyperplasia and crystalloid
naterial were stiéged by o variety of techniques: alcianl7o

blue, anidoblack  for protein and benzidine for peroxidasey
159 '
congo red, Gmclén's reaction  for hoacuatoidin,; Gouori's
165 -
iron reaction, haenatoxylin, vhloxine and saffron(HPS),
‘ ' 170
hecnotoxylin and eosin; nethyl green-pyronin, nethyl
165
violet,; = periodic acid-Schiff rcoction, Ilayer's nmucic-
165 172
ariine, ricthylenc blue,c phosphiotungstic acid hacnat-
: 165

oxylin (Hallory's PTiH), von Kossa's stain for calciun

and toluidinc bluc dyes.
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Frozen scctions of lungs werce stained with sudan
ITI and oil rc% 9 for the denonstration of lipids, and_with
Schultz nethod 7Afor cholesterol and cholesterol csters.
Sections of fresh and 10% formolin fixed tissues,
both unstained and stained, wcre oxgminod under polarized
light and by fluorescent microscope. The light source
was the Leitz fluorescence equipnent which has an Osram
HB 200 maxinmum pressure mercury vapor lamp, with Uu.v.,
filter 2 1 UG 1 and 4 rix UGl for U.V. light fluo?esccnce

and Bluc Filter BG 12 for blue light fluorescence.
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OBSERV.LTIOIS

Five I.C.R, Swiss mice (3 nethylcholanthrene-
treated and 2 acctone-treated) haed leccalized collections
of reticuloendothelial cells, presunably histiocytes, in
the lung and pulnonary hilar lymph node. Two of these mice
also had intra and extraccellular crystalloid matcr%als in the
lung, mall bladder and pulionary hilar lynph node.
Case 1

The lungs of an acctene-trecated ILC.R. Swiss nousc

0

that lived 250 days were groessly firn, grey-brown te yellow,
and the cut surfaces contained fine nodularities which were
characteristically grey-white in the center with surrcunding
yellowish zones (Figure 38). Iicrosconically, the grey-
white tiny nodules werc scen te be cxtensive lynphocytic and
other mononuclegr cecll infiltrations in brenchial and peri-
bronchial walls. Therce were wroliferations of bronchial
cpitheliwn., The remaining lung parcenchyma was conipletely
replaced by acidophilic peculiarly streaked histiccytes
(Figures 39 and 40). Inveclved were the left lung and the
rniddle and inferior mecdian lcbes of right lung. 4 further
intcrcesting observation was the prescnce of varicus shaped
acidophilic crystalleid materials scattercd extraccllularly
and intracellula?ly throughout bronchial lumina ond peri-
bronchiol spaccs. Occasionally this rnterial was contained

in histiocytes. The cyteplasm of bronchial and bronchiolar
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cpitheliun was in arcas quite as acidophilic as the histio-
cytic cytonlasn and the crystalloid naterials. These cpith-
elial cells were alnost twice as large as other nornal
cpithcl;al cells and gave conpletely different staining re-
act?ons. Thesc rcactions arce described in detail on page
131,

The gall bladder was the only other crgan in which
the crystals were sccn. This organ was normal‘in size and
grossly unremarkable, Iiicroscopically, howcver, acidophilic
crystals anq acidovhilia of epithclial cytoplasus was striking
(Figure L1). In the gall bladder there werce nininzl chroihic
inflammatory changes but no collections of histiocytes,

Casc 2

an acctone-treated I.CL.R. Swiss nousc, that lived
220 days had gross.and nicroscopic puliionary changes similar
to those of Casce 1. Whcle lobes of the right and left lungs,
except the right inferior lateral lcbe, showed complete re-
placcnient of air sacs by histiocyte collections and peri—'

~bronchial and bronch%al lyuvhoeytic and plasmacytic infil-
trations (Figure 39). Somc of the bronchial lunina were
dilatcd and filled with nixturcs of %ymphocytcs, histiocytes,
a few gronulocytes and nany crystals. The crystalloid. sub-
stance was the samc kind of material as described in Case 1,
but in this casc therc were fewer crystals in the lungs.

Areas of broachial and bronchiolar cpithelium showed the
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sane norphologic and histochemical abnormality as described

in Casc 1.

One of the pulmenary hilar lymph nodes had accasional

..

‘acidophilic, s?riated histiocytes and extracellular, polygonal
Tenall grystals; Other orgens or sites were not similarly in-
.volvod.
Case

In a 20-ticthylcholanthrenc-treated I.C.R, Swiss
nouse that lived 343 days, both lungs had a firﬁ,)grey-pink
pleural surfacc and'on cut surfaces, tiny grey-yellow nod-
ularitics were scon. Microscopically, thcye was & chronic
jbronchitis, ncribronchitis and pneunonitis. There was coll-
plete replacenent of air sacs by histiocytgs in the inferior
nedian and lateral lobes cf the right lung. The other lobes
of the right lung had scattered collecticns of such histio-
cytes, Ilo crystals were fgund in the affected lung, and no
other organs werc involved.
Casc L

;i 20-ncthvlcholanthrenc-treated 1.C.E. Swiss nouse
that lived 452 days after the apolication had changes of
pscudecnithelionatous hypcrplasia, and pocrly differentiated
cpidernoid carcinoma of the cervix uteri with extension to
the vaginal vault and ar cpidernoid cyst of the vulva. The
lungs contained rultiple pulmonary adcnogatosss, 27 adecnomas

in the right lung and 8 in the left lung. kicroscopically,




i there were niarked histiocyte infiltration in alveoclar sacs

jand septa in the left lungs. Ho crystals were observed in

et 2 e 2 end

| the lungss and no histiceytic lesions were found in other

orrans.

‘Case 5

A 20-methylcholanthrene-trcated I.C.R. Swiss mouse
that lived 135 days had mammary carcinemas in the left anq
right subauricular regions, with nictostases to both lungs.
The right inferior median lobe, which vas spared Ifrom nct-
astatic neovlasn, had extensive histiocyte infiltrations,
and nininmal infiltrates cf lymphocytes and »lasnma cell
especially around the bronchial tree. Tho.other lobes of

the lungs and other crgans were uninvolved.

Histioccytes

The histiocytcs were larze and had sinsle or mul-
tiple nuclei. The cytoplasm was characteristic, being
narkedly acidovphilic and containing pcculiar fine needle-
shaped streaks vhich were parallcl to eoch cther (Figure 40).
The cells were round and ranged fron 10 to 30 u, nost cells
beins 8 to 20 u, in diameter. When nuclei were mu}tiplc,
they were consregated, conglomerated and cccentric. Thq
largest number of nuclel encountcred in one cell was 22,

Thg results of various staining methods are listed
in Table 4. The thoplasm of this tyw»e of qell was stained

pink-red by pyronin, decply red by nhloxine, pink-red by

eosin, blue by toluidine blue, violect by methyl violet
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(not netachronatic), and faintly yellow by congo red. Histio-
cytes were positive for Gonori's iron rcaction (Figure L5),

and slightly wositive to the PAS steaining technique, With

amidoblack about onc-third of the cells stained light blue.

This stain gavc a similar reaction irith hacmoglobin and

clactic tissues.

. legative staining results were cbtained by sudan
III, cil red O for fat, von Kossa's stain for colcium and
nincrals, alcian blue, benzidine, Hayer's rucicarmine for
rmucin, Grelints reaction for hacmatoidin, nicthylcne blue
and Schultz méthod for cholesterol and cholesterol esters.

Sonie of the histiocytes vhich were not so.dceply
acidiophilic anpearcd as “foar cells? but contained several
sharp ncedle-shaped striations. Cytovplasiiic striations were
well denonstrated by PTLH (F%gurc L0) but were only faintly
stained by thec other nethods.

Crystalloid Materials

Crystalloid noterials were of various shapes and
sizes. The crystals were necdle-shaped, rod-like, rectangular,
or polygonal (Figurc L2). The size of crystals varied greatly
and neesured fren 10 to 127 u in 1ongtﬁ and 1 to 55 u in width.
The cormnoncst size of intraccllular crystals was about 10 u in
length and 2 to 3 u in width, that of extracellular crystals
was about 35 u in width., The crystals were colourless, but

stained by warious ayes.
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The rcsu%ts of the various staining nethods are
listed in Table 4. Crystals werc phloxinophilic, cosin-
ophilic, pyroninovhilic, violet by methyl violet, blge by
toluidine blue and slightly yellow by congo red dygs. About
two-thirds of the crystals werc staincd by anidoblack.

Hegative staining results were obtained with alcian
blue, benzidine, Gomori's reaction for iron, PiaS, mucicarnine,
sucdan III, oil red O, Gnelin's recaction for haenatoidin,
rnethylene bluc, von Kossa's for calciun and Schultz rniethod
for cholesterol and choleétcrql esters.

asbnornmal bronchiolar, bronchial or gall bladder
epithelial cells gave the same reaction as the crystals, but
diffe;ed in reaction from histiocytes and normal cpithelial
cells. Hormal cpithelial cells were positive by PiS,
alcian bluc and rnucicernine aqd were nerative by anidoblack
or benzidine staining nethods. The abnormal epithelial cells
stained negotively by PAS, alcian blue, bcnzidipe and nwucic-
arnine, and positively by the anidoblack nethed.

The crystals, cybtoplasn of histiocytes, and ab-
nornel epithelial cells showed no bircf?ingoncc under the
polarized lizht and were faintly f%uoresccnt by U.V, and

blue light fluorescence ricroscony.




Table L.

Surmary of Histochemical Studies

of llistiocytes and Crystals,

Staining HMethods

Cytoplasm of Histiocytes

Crystals

Alcian blue

Negative for mucin

Negative for mucin

About 2/3 - light

pnd saffron

4 Amidoblack About 1/3 - light blue to mod.’ blue
Benzidine Negative Negative
Congo red Light yellow light yellow
Gmelin's reaction z .
for haematoidin Hegative Negative
Gomori's iron ‘s
reaction Positive Negative
Haematoxylin and R .
eosin Eosinophilic Eosinophilic
Haematoxylin, phloxine | pp)oxinophilic Phloxinophilic

Mallory's PTAH

Clear to light brown
(streaks demonstrated

Clear to light

clearly) brown -
3 t
ggie;u:igucicarmine - Negative Negative
Methyl-green pyronin Pyroninophilic Pyroninophilic
liethylene blue Negative Negative

Methyl violet

Blue violet
(not metachromatic)

Blue violet
(not metachromatic)

0il Red O for fat Negative Negative

b4 Slight to mod.
Periodic acid-Schiff positive Negative
Schultz method for ’ .
cholesterol and Hegative Negative
cholesterol esters i
Sudan III for fat llegative Negative
Toluidine blue Light blue Light blue

(not metachromatic)

(not metachromatic)

von Kossa's for
calcium

legative

Negative
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DISCUSSIOII

Reticuloendothelial hyporplqsias riey be divided
into throé tyves: a) inflamma?ory, ¢.n. tuberculosis or
brucellosis, ©b) wmetabolic, c.g. Gaucher's discase or
Nicmann—Pickfs discase, end c) ncoplastic, c.g. leukenic
or aleukcnic., .

The narled vroliferations of histiccytes secn in
lungs of the 5 dice were regarded 2s inflammatory responscs,
rother than as ncoplastic or nevcbolic in origin, becasue
they were accompanied by a noderate tc severe chronic
bronchitis, bronchiclitis and pncumonitis, Post morten
exaninaticns revealed that the histiocytic hyperplasias
were linited to the lungs. The agent responsible for the
inflarmatory condition of the lungs was not determined but
the cellular resnonse becasue mainly histiocytic, plasnacytic
and lymvhocytic, suggested a viral acticlogy.

The cytoplasmic striations end acidophiliw of the
histiccytic infiltrates were strikingly consistent findings.
It is not unusual to observe inclusions in histiocytes, and
their stqining properties depernd vartly unon the substance
ingested., The acidophilia of the cytonlasn was probably due
to phagpcytosed naterials. The exact nature of the fine
ncedle-shaped streaks in the histiocytes was undetermined.
Cytoplasmic steining reactions indicate that the cells con-
tain protein materiel which was sinilar to the crystals, and

sinilar to cytoplasmic components of the abnormal brenchial,
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bronchiolar and gall pladder cpithelia,

The staining rcacticns of histiocytes, cbnornal
'cpithelial'colls and crystals with anidoblack, toluidine
' blue, nethyl violet, congo red, pyronin, cosin, phloxine
and nethylene blue were the same., Thesce staining results
also in@icate that the nain abnormal constituent is nrotein
and Rili,

It is vostulated that the source of such protein
is abnormal ewithelium of bronchus, bronchioles and gall'
- bladder. The abnornal cwithelial cells were large and devold
of normal cytoplasmic content as evidenced by negative re-
actions to PiS, alcian bluc and rmcicarmine stain nethods,
It would secn that such proteins as well as RiL. were forned
or secreted by abnormal cpithelial cclls. These may have
spilled off and crystallized, subscquently to be phagocytoscd.,
It is the utnost interest to note that various shaped large
crystals were cbscrved in the cultivation o§ enbryo chick
tissues such as lung, cerebrun and pancroas.75 These crystals
were shown to givc positive responsc to RE:L and protein
staining. Rose,75thercforc, surssested that such crystals
were protein products of cultivated cells and thot theso.cells
were carrying out a differentiated function of sccretion.

The crystals were soft enough to cut readily in
naking paraffin sections and werc insoluble in organic sol-
vents such as alcohol, cther, acectone and xylene. They were,

however, readily soluble in acid solutions at pH range 1-2
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164
and in alkaline solutions at pH renge 11-12, Histcchenical
studies indicate that the crystals arc of a protein nature,
-While the crystals night be associated with a

condition of sensitizaticn or allergy, their properties are
not identical with thosolog the Charcot-Leyden crystals as
described by Urede et al.7' It has bcen speculated that
they may be crystalline hacuoglobin, The positivg staining
reaction with anidoblack would favour haemoglobin, However,
negative reaction by benzidine indicotes a lack of peroxidase

163,172 '
which is a ccnstituent of haciioglebin, 4 positive re-
sponse of about twe-thirds of the crystals to amidoblack
stain is probably due to a content of proteii.' imidoblack
is bound with proteins in staining rcactions,73and.therefore,
a wositive reaction cannot be considered specific for
haenoglobin. The possibility of hacmatoidin and bilirubin
crystals can be cxcluded by negotive reswonse to Guelin'g

159,172 :
and riethylene bluc staining nethods,

thether or not the precsence of crystals or

reticulcendothelial cell hyperplasias are dircctly related
to thg acetone or 20-nethylchclanthrene apnlications is not

S

clear,
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SUIIL.RY ..1IID COIICLUSIOIIS

Hyperplasia of reticulccendothelial cells, presun~
ably histiocytos, were observed in lungs and pulnonary hilar
1ymph nodes of five I.C.R. Swiss nice, (3 methykholanthrenc~
treated and 2 acctone-trecated), The histioccytes had pecul-
iarly strcaked acidophilic cytoplasit and sone contained
crystalleid naterizl. Extracellular crystalloid material
was also present in lungs, gall bladder and lymph nedes in
two of the mice, .

Hyperplasia of histiccytes in the lungs was acc-
onpanied by marked dcgrecs of chronic bronchitis, bronchic-
litis and pncwsonitis, and was thereforc regarded as an
inflanmatory rather than ncoplastic form of reticuloendoth-
eliosis.

Sonie of the bronchiolar, bronchial and gall bladder
epithelia were nicrphelogically and histochemically abnormal.
The histochemical studies indicaged that large cuboidal cells
were devoid of nor@al cytcplasinic cerponents and centained
Tabnormial? protein.

Extensive histochemical studies further indicated
that both crystalloid naterials and histiocytes contain
protein and Rili, The abnormal anpearing bronchial, bronchio-
lar and'gall bladder rmucosa are regerded as the source cf the
protein which is "snilled off“, crystallized ana then

phagocytized by histiocytes,
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Figures 38, 39 and 4O.
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Fipgurc 38. The gross appearance of the lcf@ lung with

; histiocytosis, bronchitis ~nd pneuricnitis.

Conpare the necrmel risht superior lobe 7ith the lc?t
luns which shows firm, yellowish-grey nodularities. The

heart is artificially shifted to the right, and lics

nartly under the right superior lcbe,

Figure 39. The agsregation of histiocytes in pulmonary

air sacs.
There is complete replacenent of alveoloar spaces by
nany acidophilic histiocytes. .rrows neint to lymph-

ocytic infiltrations in and adjacent to a bronchus.

Haenatoxylin, phloxine and saffron stcin. X65.

Figure 40, Hirgh magnification of histiocytces.
The necdle-shened striations in the cytoplasim of
histiocytes arc well denonstrated by Liallory's

phosphotuinstic acid-lnerctexylin stain, X520,







Figures 41, 42, L3 and Li.
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Figure 41. Crystals in the gall bladder.
abnormnal enithelial cells of the zall bladder are
larger and nierkedly more acidophilic than normal
cpithelial cclls which are scen at the lower left
cerner of the figld. arrows voint to the nornal
cpithelia} cells. The liver varcnchyma is shown on

the right. Hacnetoxylin, phloxine and saffron stain,

X225.

Figure L2. Outlinc drawings of crystals.

The extracellular crystals werc of varicus shapes.,

Pizure 43. Photonicrogranh of crystels and histiccytes.
Both crystals and histiccytes arce deenly stained vith
vhlozxine, Hacmatoxylin, phloxine and saffron stain.

X225,

Figure L44. Crystals and histiocytces stained by nethyl viclet.

LArrows indicate histiocytes. X225,







Figures L5, 46, 47 and 48,
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Figure 45. Irgn reaction of crystals and histiocytes
in the lung,
L positive recacticn in histiocytes is shown at the
upper left cerner whilc a2 negative rcaction in crystals
is indicated in the lower right corner of the field.

Gorwcrits iron rcacticn, X225,

Figure LS. Amidoblack stain of bronchial cpitheliun and
histiocytes.
Abnorma}ly acidonhilic bronchial cnitheliun is pbsitivoly
stained. ;rrows anq circles indicatce unstained striated

histiocytes., X360,

(8]

Figure 47. dindidoblack stain of bronchial cpithelium and
crystals,
The rectanzle cncloses crystals, soile cpithelial cells and

red blood cells thet arc nositively stained. X180.

Figurc L8, Ilethyl-;irecn pyronin steining of crystals,

Crystals arc stained with pyronin, indicating their R4

content. X180,







b
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General Corment

A? Induced Tumours.,

Bf Pathogenesis of Precancerous and Cancerous Lesions.

C. Chemnical Compounds 4s Possible .antigens Involved
in the P?oduction of imyloidosis and Necfotizing

Angiitis.
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A. Induced Tunours

The response to carcinogenic agents depends on
the substance uscd, the dosc administered, the solvent,
the duration anc the methgd of application and the
duration of latent neriod. It also desends on the age
and sex and strains of the aninals treated.

. 101

In 194L Cowdry and Suntzceff observed a signif-
icant increcase in tumcur incidence and decrease in latent
neriod in youngs nethylcholanthrene-treated Qice as comp-ld
ared to old methylcholanthrene-treated nice. Bielschow/\rsk;:fb
in 1947 showed that older female rats had a lower incidence
of acegg%aminofluorene induced marmory cancer than youns rats,
Strong has shovm that animals from carly litters develop
subcutancous sarcoiias following rnicthylcholanthrene injecticn
far rore slowly than animals from late litters of the sane
parents,

lith snall dosazes of carcincgen, the response of
various strains of susceptible animals tends to differ both
in the incidence of induced necoplasns aﬂd in the rapidity of
tuniour developuent., ith incrcasing dosages of carcinogen,
variations in the incidence of induccd ncoplasn and in the rap-
idity of their awspecarance tends to diminish as the tumour incid-
ence increcascs and latent period decrcascs.

Carcinogen induced tumours ney be grouvned into thosce

induced at the site of application and thesc induced in a

tissue or orran away fror the site of anwnlication.
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Among turiours induced leocally, those produced by
coal tar painting of the skin arc best known. Following
repeated applications of tar or pure carcinogenic hydro-~
carbons, benign papillomata develop; sone of thesg‘gltim—
atcly beconc nalignant by invading deeper tissucs.3 When
carcinogenic hydrocarbons arc injected subcutagggusly,
sarconata nay develop at the site of injection.. The
local type of carcinogenic action is well exanplified by
irradiation with ultra-violet or K—ray and by the adnin-
istration of the chemical carcinogens. In the present
study, when utcrince cervices of mice were treated with
nininal doses of a carcinogen, twelve carcinomas and two
sarconas inyolving the uterine cervix and vagina were
encountcred,

Carcinosens may induce tumours at remote sites
in certain specific organs or tissucs, irrespective of the
nanner or route of administration. «n example of a tumour
so induced is the interstitial cell carcinomas of the testis
sroduced by prolenged subcutancous injecticns of natural or

185,197

synthetic ocstrogens. In the prescent cxpcri@@nts, when
the uterine cervices of nice were treated with 20-nethyl-
cholanthrenc, tuncurs dcveloped aﬁ reriote sites such as
lungs, namrary slands and thyus.

Carcinogens that induce tumours at the site of

application may also produce tunours in distant organs if
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they are absorbed in sufficient quantity to rcach and

act on distant organs, However, carcinogens that induce
tunours in certain specific organs end tissue remote from
the site of apnlication may not producc ncoplasns at the
site of application. acetylaninoflucrene that induced
tumours at vaerious sites including the auditory duct by
oral administration did not produce tumours at-the aud-
itory duct whcg-it was directly apnlied to the external
auditory canal.3 Similarly, oral administraticn of B-
Haphtylanine induced urinary bladder tunours while. in situ
application of this carcinogen to the urinary bladder

186
feiled to inducc turiours in this organ.

B. Pathorenesis of Precancerous and Cancerous Lesions

After the application of 20-methylcholanthreue To
the uterinc cervix, invasive carcinona was first observed
155 days after the initial application. Dur ng this
"latent? neriod, there were changes such as acute inflan-
nation, vacuolization, necrosis of enithelial cells,
vseudocpithelicnatous hyperglasia, basal ccll hyperplasia
and dyspl;sia (ctypical cell hyperplasia).

All indircct evidence supports the ccneept that
dysplastic cells may be "precancerous™ cclls in the sense
they Lay persist and eventually be transformed to Yecanccrous®
cells, Somne dyspléstic cells, however, nay disdpp?ar; the

norpholosic changes in these cells were reversible. Whether
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or not the disappearance of norphologic signs of dysplasia
implies'thc roeversal of carcinogencsis is not knowm,

The nechanisn of induced changes in dysplastic
cells and cancer cells by carcinogenic hydrocarbons is not
clear, but the carcinogen, in order to act, probably nust
penetrate cell membrencs., It is not known whether or not
the striking dependence of carcinogenicity on shape and
size of molccules is a function of the cell membrane, which
night gdmit molociées of a certain shape and size and bar
others, Bergnann 3postulated an acceptor for carcincgens

within the cell to which only molecules of a requisite size

and shape arc adsorbed.
210

In 1947 Hiller and Liiller denonstrated that the
hepatocarcinogenic amino azo dyes are firnmly bound to the
protein of the liver. Since that tine they have extended
these findings and have obtained an impressive correlation

212
between the process of protein binding and carcinopgenesis.
211 .
In 1951 wdller recported that the hydrocarbon, 3:L-benz-
pyrene, was bound to the epidermal proteins following the
application to the skin of mice.

L correlation nay exist between protein binding of
carcincgen in breasts and narmary tunour induction. Radio-
active riethylcholanthrene was adninistered in mice by gastric
intubation and the uptake by the breasts of the .radiocactive

chemical was positively ccrrelated both tc lactation and to
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tuour formation. .The untoke of radioactive necthylchol-
anthrene in breasts undergoing ncoplasia was 5 - g tines
' 205
that of non-ncoplastic breasts.

In an cndecvour tc obtain information as to how
the carcinogenic hydrocarbons nay effect the production of
tuiours, studies werc underteken to observe the distribution
and persistence of thesc agents in tissue, .Studies on the
distribution of the hydrocarbons were facilitated by the use
of fluiggscent technique, Using these methpds, Beck and
Peacock  reported that the carcinogen, 3,L4-benzpyrene,
disappeared from the skin in 4 days after onec epplication,

222,223
Sinpson and Crancr found that the painting of rniouse
skin with a benzene solution of methylcholanthrene resulted
in .a selective distribution of the agent, . Immediately after
application, the bulk of the carcinogen was observed in the
epidernis at two spccific sites, namely in the sebaceous
lands and in the keratin layer. A4fter 10 days, fluores-
cence dug to the carcinogen disappeared from all parts of
the skin, A4Lfter intraperitonecal injectién of 3,4-benzpyrene
into strain i mice, the unchanged cercinogen.was found in the
nitochondrial and nucleer fractions of the liver cf these
188 :

aninmals.

I consideration of the relationship between the irr-

itant and injurious effect ¢f the carcinogen and-its mnode of

action will now be given,
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There is little doubt regerding the initial daneping
effect of the carcinogen on the tissue to vhich it is applicd.
In the present cxpcrimental work, cellular demase after initial
application of ZO-nethylchclanthrene to the uterine cervix were
evidenced by vacuolization, vesiculation end neccrosis of epith-
cli=al cclls; In the hisﬁipgcnesis of carcinogen-induced tun-
ours, there are insults tglgge tiscue followed by hyperplastic
repair and then ncoplasia. g There are examples of carcino-
genesis following specific injury - for example, skin cancer
after x-ray burns or prolonged cxposure to ultraviolet rays,202
leukenia in nice following damage to te lyunhoid cells by x-ray,
and carcinoma in a cirrhotic liver wnreviously damaged by ad-
rinistration cof carbon tctrachloride:95 It has been suggested
that the carcinogen itself is not a growth promcting agent,
but that the latter is formed in the tissue after a specific

193
type of damage.
2Ll 217

The histological studies of Orr  and Pullinger
confirmed the vpostulation that carcinosens injure cells, The
observations with U.V. fluorcscent tcchniques on the response

223 :
of ceclls to & carcinogen by Simpson ana Crancr 2lso ill-
ustrated the scvere. toxic offec@legding to cell degencration,
which is exerted by the carcinogzen. They showed that after
the initial degencrative cffect of the carcinegen, a ncw race

of cclls scens to appear imprevious to further damage by the

carcinogen. They observed that the yellow-green fluorescent
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carcinogén (c.o. methylgholanthrene), initially dissolved
in the fats of the skin, invaded the cyteoplasn of opithel-
ial cells where its fluorcscencechanged to blue, indicating
a chenical transformation. Unchanged hydrocarbon appeared
in intracecllular droplets in cells showing signs of degen~
eraticn. On a sccond application, the unchanged carcincgen
nenetrated conpletely into the cytoplasn of opithelia% cells
and sceiied to becone adsorbed on cytoplasiic gronules., Hence,
they concluded that the bluc fluorescent rnetebolite conditions
soile cells in such a viay that they arc then able to take up
unchanged carcinogen. Cells which do tke up unchanged car-
cinogen underzo degencration and are destroyed. liew cells
formed in conscquence secil to have increased resistence to the
hydrocarbon and t;ansform it complgtely into the blue-fluor-
escent derivative, In other words, the walignant transfor-
nation may have taken place in the coursc of successful adap-
tation to the unfavourable environnent presented by the car-
cinogen.
201 .

Haddow  propesed that when radiation was applied
to a tissue a gradient of intensity lcad te the death of theoe
cclls nearcst thce source,injury to cclls furthe; away, and
no effect at all on cells at a sreater distonce, Janong
injured but suryiving cells a few would be transforned into
nmalignant cells, 4 similar gradicnt of ceffect was described

]
215
by Peacock and Bock, who found that tunour formation
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occurrcd at a peint souic distance cway from the sites of app-
lication of carcincgens, In cther words, the twlour grows not
at the place where the concentration of carcinogen would kill
the cells but where survival of injured cells is just possible,

Thermal injuries arc held to be responsible for tun-
our induction, but some features of this association are not
clear. i number of authenticated cases have been described
in which a skin carcincna resulted from a local burn or scald-
ing, either arising wihin a year of the injury before it had
proporly healed, or, in the Flatent® form developing in a scar
fron a burn long after the initial injury.

another inmwportont eoffccet of a dﬂemical.carcinogen to
the cells is thgoinhibiting influence on rrewth.

Hadd.ow~ “discovered the inportant fact that carcin-
crens can act as srowth inhibitors, Hé found that carcin-
crenic hydrocarbons inhibit the srowth of youns enimals as a
whole anc that this effect is prolonged and specific for car-
cinogens and, with few exceptions, is not exhibited by re-
lated non-carcincgens nor by poisons in éeneral. He sugmested
that, in tumour induction, the carcinogen acts primarly as a
srowith inhibitor, presenting the cell with an unfavourable
environment. An adaptive and irreversible change occurs.
within the cell, of 2 gualitative or cquantitative nature,

leading to & new cell race with increascd growth'rate, lack

cf differentation and increased recsistance to the noxicus
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influenéc. These changes arce analogous to adaptive varia-
tion of baccterie.

Three concents arc involved in the theory of cell

"R2L

adaptaticns in carcinogencsis.
(a) That the cancer process is, in part at least, a special
tyse of cellular adantation tc varicus unusual 9nvironmcnts,‘
althourh not all ccll adaptaticns end in cancer,
(b) That the transformaticn of & normal ccll to a cancer ccll
invelves a “sten-like’ nrocess. Therce is no clinical or cx-

perinental cvidence to support the cssuaption that the gen-

esis of a cencer cell invelves a sudden change in a norial cell.

(¢) That the cancer »rocess is basically a survival nechan-
isn.
yan
Studics of Swnencer  have surrcsced that there are

[ETes
several »rinciples involved in the ucchani§m by which spccies
becone adapted te unfaveurable envirenment.
{a) The continucus exposure of cctively multiniying free-
living, bacterial specices to an unfaveurable cnvironnent nay
not be fatal tec individual orsanisn orfculturcs for a nunber
of generations or ccll-division cycles, but in due time the
species will dic.
(b) By discontinuous cr alternating cxnosure, an actively

rmltiplying specics can adant and centinuce to survive in an

cnvironnent that i

6]

fatal when thie cuxposurce is .continuous,

(c) The ability of an organism to resist an unfavcurable en-

vironnent is a function of its age or maturity.
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(d) Orsenisns cen resist hirsher inuéé ities of an unfavecur-
able cnviromnent during tqe resting stage than during the
actively multiplying stage.
Ilormal somatic cells aleo have the capacity of par-
thenorenesis, as in gern cells This is commenly scen in the
phenoriena of hypernlasie, renair, and rcieneration.  These
processes, hewever, are noriiel reactions tc injury or need,
Threurh the ares, with increasing swecialization of cells,
the body hos developed and naintained thesc herniecstatic mech-
anisiis; normal cells preliferatc as nceded and tho nrocess
stons when they have fulfilled this biological Cnll Tissue
remeneration and growth of the individual cells stop when an
cquilibrium between cells is recached. In tuncur no such
225
equilibriun is attained.

The wide ran~c and ceomnlexity of nconlasms is adnirably
explained b this concept of igonztic cell nregnancy.®  Known
cvocators of tunours have little in cormion, chenically or
otherwise, and it has been 1rpo ossible anong carcinogens to
find cormion denomdinators. &1l carcinogenic agents, however,
such &s solar radiation, hydrocarbons, arsenic, heat, trauna,
viruscé, varasites, and nany others can be consicdered as in-
jurious a;jents. The basic nature of cancer scems tc be a
cellular alteration which appears to be the result of cell
injury by a greaﬁAvariety of a~ents. The body responds to
the adverse conditions, not with the usual humoral fechanisn

or systen of mebile defcnsc cclls, but by a fundamental
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change in the cxposed cells,

C. Chemical Connounds .:s Deossible ..ntigens That ,re Involved

in the Production of Anyloidosis and liccrotizing /inpilitis.

It is knowvm that the carcinogens bchave as haptencs
’ 198 ; '
or antisens in tissues., Green found that homologous haen-
aggultinins occurred frequently in the serun of rabbits paint-
ced with active carcinogens. It is also known that polycyclic
carcinogens can inducc o state of hypersensitivity in the
230

human skin.

ficcording to a theory which has been put forward in
various forms, an irmmune reaction is one component of the car-

198,199,200 |

cincgenic process. L chemical carcinogen nay form a
corplex with a specific cell protein. This complex may be
antigenic, and the antibody formed to it acts on both the
altercd and unaltered protein, creating o state of stress in
thie treated tissuc.

The delayed-type of hyperscnsitivity cen be induced
in adult zmulnea-»ifzs by the intradermal injection of certailn

: 207
chenical compounds., Landsteiner  found that picryl chloride
readily united with scrum protein and suggested that sensit-
ivity is brought about by a linkage of the chenical compound
with proteins cf the body. Subscquent work by Tabachnick,
227 ;

Eisen, and Levine | has confirmed this view.

The occurrence of amnyloidosis in various viscera

and vasculitis at both the site of application and in renmote
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organs indicates that the chenical conponents themselves are
responsible for thesc processes since saline-treated control
mice ¢id not have similar lesions. It is postulated that 20-
nethylcholanthrenc or acctone or both of then night act as
an antigen, The penesis of anyloidosis and vasculitis in
nethylcholanthrene or acetone-treated mice nay be explained
on the basis of antigen-antibody immunolorical riechenisn.

Lrvleicdosis

fmyloidosis has been nreduced experimentally in -
203,206 ‘181,194,196 209,213
animals -such as nice, rabbits, hens,

216 221 187,190,206, 228

101Ses and ducks by the adiministration of cascin
161,204,209,213 220
bacteria and bacterial toxins ribonucleate,
221 "22G
nethylcholanthrene and nitrogen rwuustard,
221

Rigdon  apwlied nethylcholanthrene soluticn to the
trachea of 22 adult Pekin ducks. He obscrved amyloid in the
liver, spleen and adrenals of 12 treated ducks. The frequency
of amyloid and amount was not rclated to the dose of nethyl-
cholanthrenc.

Evidence anpears to link anyloid formation with
antigan-antibody reactions. In nice, an elevation of the
plasma globulins, associafed with visceral deposition of
anyloid, has been found to follow :multiple injections of
cascin and the anpcarance c¢f smecific antibodies to this

180
protein.,.




RPN

- 159 -

Necrotizing Vasculitis

Vascular lesions characterized by inflammation and

vy

"fibrinoid nccrosis® present a very perplexing aund centrover-

sial problem. Confusion has incrcased becasue of the tendency

to place the lesions in the category of neriarteritis nodosa.

233,234

Zeck recormended the noncormittal term ‘inecrotizing

tis¥ to designate the whole group fenerically and class-

then as follows: 1) Hyperscnsitivity angiitis; 2) All-

erpic granulonatous angiitis; 3) Rheunatic arteritis; 4) Per-

iarteritis nodosa; and 5) Terporal arteritis.

Heecrotizing angiitis observed in the present study
231k ‘
fits the criteria of a hypersensitivity angiitis. Hyper-

sensitivite angiitis is associated with hypersensitivity to

+

foreign serum, sulfonamides, ctc.

There are similarities between periarteritis nodosa
and hypersens;tive (allergic) vasculitis, but several diff-
erences exist. In classic periarteritis nodosa, the lesions
are predominantly in the nmediun-sized arteries, usually at
the bifurcation or in the hilar regions of viscera where small-

er vesscls originate. Occasionally the lesions may involve

208
small arterioles, In systemic hyperscnsitive angiitis, only
the smallest branches of arterial and venous blood vessels are

involved. All organs, including the lun;s and spleen are

affected and therc is no predilectign for the lesions to occur
20
at the bifurcation of arterioles.
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Clark and Kaplan in 1937 were_the first to digon-
strate vasculitis in human scrun sickness. Later, Rich2
noted generalized, acutc necrotizing vasculitis at autopsy in
patignts who had received therapeutic scrum, sulfonanides, or
both,

219
Rich and Gregory  noted similar lesions in 9 cases

3
of iodine sensitivity and prodgced vasculitis. in aninals by
inducing drug hypersensitivity. The sulfonamides, penicillin,
iodine and dilantin arce the drugs noest cormonly respons@ble for
the induction of necrotizing vasculitis in human beings, HMany
other compounds nay, on occasicn, be reswonsible for allergic
reactions of this type. In nearly all cases of vasculitis
induced by drugs or scrun, only the small blood vessels are
involved; and in many instences, the discase is self-linited
The lesions produced by injecting animals with horse serun,

' " R18,219
sulfonamides, ectc., fit the catemory of systenic hyper-

sensitive angiitis,
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Surmary and Conclusions
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The application of minimal anocunts of 20~-methyl-
cholanthrene to the uterine cervix of I.C.R. Swiss and

n nice induced

bt

phenctypically normal Pjtuitary Dwarf strail
invasive carcinomas in 12 nice and sarconas in 2 nice at

the region.of anplication, Some animals were allowed full
life swans.

Tunours also developed at sites remote fron the
arca of anplication: vpulnonary tumours in 19 nice, mammary
tuours in 7 nice, leukemia in 1 mouse, thymonma in 1 mouse,
and jejunal adenocarcinoma in 1 nouse.

The annlicotion of 20-nethylcholanthrene to the
uterine cervix in nice caused acute inflammation, degeneraticn
of epithelial cclls characterized by vacuclizaticn and vesl-
culation of cytoplasms, basal cell hynernlasia, psoudo-
cpitheliamatous hypcrplasia, dysplasia and finally invasive
carcinona. Mctastases frorm 5 of the 12 carcinonas were
obscrved,

The application of 20-methylcholanthrene to the
vterine cervix of mice ipduccd dysnlasia’in the cervix uteri
and/or vagina in 28 mice, Thc concommitant dysplastig lesions
were found in 2 of 12 mnice bearing invasive carcinona.

Dysplasia was vreceded by iavasive carcinoma but

carcinoma in situ comparable to that seen in the human cervix

a

was not noted, Dysplastic lesion in the cervix or vagina first
apveared 24 days after the initial carcincgen apnlication where-

as invasive carcinona was first obscrved 155 days after.
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There is a ninimal dose of nethylcholanthrene re-
quired to nroduce dysplasia of the cervix and vagina in micc.
Dysplasia noy pregress to carcinona o? the cervix without
further awvnlication of the carcinogen. Unfortunately, the
question as to the reversibil;ty or irrcversibility of dys-
plastic lesions is unanswered. However, while dysplastic
changes may conccivably disappear, dysplasia 1ras observed to
persist for as long as 363 days after the discontinuation of
the carcinogen treatients, .

Sprqgue Davley rats rsiven 20-ncthylcholanthrene

(1.8 ml, or 2.2 nl.) had no significent local changes during

390 days of observation. (This negative response may be
attributable to insufficient dosarc or strain resistance;
possible, however, a prolonsed latent veriod has not yet
terninated, Observqtions unon these animals will continue
to full life spans).

4 total of 102 wulmonary tunours in 1@ mice were
classified histclogically. 98 were benizn (adenoma) and 4
were rialisnant (adenocarcinoma). The tumour.cells were re-
carded as derived from alveolar lining cells.

Thirteen narmary tunours in 7 nethycholanthrene-
treated nice and 1 acetone-treated nouse were malignant
histologically and -2 of the nice had lung netastases. ?hree

of 13 turours had squarlous netaplasia (adencacahthona) .
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Necrotizing angiitis in the uterine cervix, vagina,

lungs, kidneys, ovaries and other sites develcped in 7

; methylcholanthrene-treated and & acetone-treated mice.

Amyloidosis was found in 4 methylcholanthrene-
treated and 2 acgtone—treated mice in yarious organs such
as liver, spleen, kidneys, lymph nodes, heart and adrenal
glands. .

Carcinogenic or non-carcinogenic chemical compounds
may act as a haptene or may themselves possess antigenic
action, The amyloidosis and necrotizing_angiitis were con-
sidered to be antigen-antibody reactions.

Hyperplasias of histiocytes were obéerved in lungs
and pulmonary hilar lymph nodes of three methylchglanphrene-
treated and two-acetone-treated I.C,R. Swiss mice. Some
of histiocytes contained crystalloid.materials. Extracellular
crystals were also present in lungs, gell bladder and lymph
nodes in two of these mice. The histiogytic hyperplasias
were regarded as inflammatory responses. The crystalloid
material contained protein and RUA.

Chemical carcinogens injure cells and ?he cells
respond by depgeneration, necrosis or hyperplasia. In the
course of carcinogenesis, the presence of "preéanceroug"
cells which eventually become neoplastic is postulated.
Postulates regarding "growth inhibtion®, "adaptation“ of
cells or somatic cell "pa?thenogencsis" mnay explain some

aspects of carcinogenesis,
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