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ANMARY

Lymphogarcons, leuheemia or malignani lymphoma f& 2 wall recopnisad
digeass of the cat; 4ts tyue incidence ig wot kuown. The aetivlopgy of
the disesse has not heen established but some experiwents have suggestaed
that a virvus is involved. This siwidy is econcerned with electron wicros-
gopic axaminations of waveyial firom field cases of feline Ivaphogaceosna
and feom andwels and tigsve culiuves infected with feline loukaenmic tisaue
grtracis.

In Seetion 1 the examinanicn of tissues from ¢ vandonly collacted
cats with spontaneous lymphogarcoma ig desevibed. Parcicles, moyphological
similar to the wmuweine leukgewmia viruses, wern found to be pwssent in 6 of
theae cates. The particles, approximately 100mp in dianmcter were of 2 types
The structure of Typd 1 parcieles consisted of the cuter hovnding menbrane
within which there was an alectron~dense membrane with a diameter of
approximacaly 50 ~ 60mpy and an intermediate wombrane with a diametor of
spproxinately 80mu, The strushure of Type 2 pertleles consisted of the
puter bounding membraos within which thore was an electron«dense nucleoid
with a diamcter of approximately 80 mp,  Some psrilcles sppeared o have
a "ecoaving layor®™ on the outer surface of the bounding mombrans.  The
partinles wera found in one o wove of the following tissues, gpleen,
bone maryaow, thymuss, periphera’ lymph nodes, and were Sfound sssociated

with lymphoid cells and megabaryocytes. Fully-formed partieles wers sean
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extracellularly and in intraceliunlar vecuoles; budding pariuicles weve
observed at plasma nembrancs and vacwolar membranes end the vavious stages
of partigle replication at these asurfdeas were #cen., In material from
each of the other 3 cames of sponténcous lymphosarcoma g few virus-like
partiales were noted.

No correlation was esteblished batween the alassification of a
case according to the anatemical distribution of the lesions or the
histopatholopical findinges and the presonce or abgsence of large numbors
of particles. Ne particles were seen in tissvas from a goviesd of normal
cats,

In Section 2 aye described axperiments with leukaepic tissue
extracts from 3 of the particle-positive casas demeribed in Baction 1
and from 1 of the cases in which only & few vivum-like particles were
nbserved. Newborm kltfend were infected with these inveuia, Blouwd
samples wexe taken from the kittens at varicus times, fyxom 28 days to 1 yem
after dnoculation, and tissve samplea taken from kittens illed or dying
at various times during the sane period. Xt was found that particles
could be dempngtrated in the blood platelets snd timsues, The inoculs
derived from the field case classificd as most particle-posirive induced
particle replication in all of the kittens infected and both fully formed
and budding pevticles wers meon., Lymphosarcome was histologically con-
firmed in acme of the ineculeted kittens., The second inodulum induced

replication in sowe kitiens but fewer partieles were found agsopiated with



the platelety and fower tissues were found to contain particles. The
third inoculun induced veplication to & lesser extént. No particles

were found in the kittews infucted with the inoculum derived from the
partdcicsnegotive caso.  Novmml kitteos and kittens infected with a
noceal lyoph node axuiact were ensmined: io one kitten from cach group

A fow vigus~iike gtyuctures were obastvad,

_ Section 3 desceibes furuhgr ramgndesion sxperioents.  IC was found
that a4 filirate inoculum induced in kittens payticle veoplication siwilar

to that Induced by che prosumed cell-froe axtvacts,

I¢ was also shown thai: particle replication aeould be induced in
adult cats which hed besn incculated with 8 leukasmie tissue oxtract,
Furthey, it was demonatr&ﬁeé'that an inoculum £rom an infected kitten with
no avidence of lymphosapcoma but with pavticles present in platelets conld
induge particle yvoplicatiion in kittems; thie method of passage was
suueemaﬁuily carried out through 4 passsge generations.

Section 4 deals wi#h the growth of the parvicies in tissue cultures.
Two feline cell cultures were examined and inccula derived from 3 of the
particle~positive fiald cassa were tested in these cultures, It was shown
that particle replicetion could take place in both types of cultures and
that 2 of the 3 inocula investigated were effective in this rospect.

The 2 inceula which induced yeplication in tissue eultures were those which
had bean shown to be most aetive in indvcing replication in newborn kittens
and which had been derived from the fleld chsen clageified as the most

particle~positive.
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‘Seetion 5 descyibes attempts to isolate parcicles from leukacuic
einsues from ¢ £iold case, from plasmr from inocculated kittens and from
tigsue cultare fluid from cultures dnfected with leukaenie tigyus extrécts.
Mot proparations contained no pavticles; o fow vivus-like structures
ware seon lu gome tissgye extracts and in a subsequent study. partieies
were £oupd in tissuve cultuve fluid,

Atttenpts to inducy leakdenia in vats and mice, using feline
lonkwenmie tissue oxiracts ave deseribad i Seetion 6. No avidence of
particle veplication could be detected in blond platelets or tissuc and in

a 10 moneh period of obgervation, uno animal developed loukaemia,
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Port 1

Leuknendar the evidenge for o viral acetlology for the disease In various spesics

Leukoenie is o wvellerecognised dlsease in ueny speciles, bub itn actiolony
is ouly esteblished conclualvely for the fowl and fox the movse; MHoth avien
and muprine leukeomlsas have been shown Yo be cousod by viruses. There 1o
ptrong evidence ‘thet foline lymphosprocms (Jarmti;, 1964a) and canine maot
apll levkaemia (Rickaxd, 1967) ave alse of virol origin.

fhe original dlscovery of Ellomman and Raung (1908) that erytheomyeloe
blagtopis in chickons ves travemissible with & cellefwee imooulum and the
leter finding of Turth (1933) that ohicken lymphomatosis conld be transmitied
with o filtrato have shimvelated wany Invegtigetors to try to identify vimuses
in other avien and moumalian loukoecmiag.

4 vell~dofined, closely related group of viruses, indueing neoplastic
disorders of the haematopoletic system of the fowl, have been identified nnd
exsensively invesbtizeted., It hos been Lound that most of the avian virus
atredns ave oepable of infucing soveral distinet neoplastic digeesesy the
malignaneies induced by these vivuses are collestively termed "fhe avian
lewitosis complex®.  Although anbigenic relationships and diffeorences between
the vimaes con bo demonsbrated seroleogically, the virusges ave morpholegically
Indigtinguishable, Diagram 1 shows the schematic representatlon of the virus
morphology as prosented by Vogt {1965) in an exbonsive reviow on the subjoct of
the avian bSwnour virusesg In thip, vhe physlcel, chenicel and biologleal

chovasterisation of the viruses arve discussed fally and the vay in vhich the



i

Diameter of particle 80-120myp
'

Diameter of

-
core 35-45my

Diagram 1

Schematic repregentation of avian ftumour wiruges

Outer membrane with peripheral knobs.
Inner membrane

Mucleoid

(from Vogt, 1965)



vizuses woplicato and ave released from cells by hudding from the mewmbrone
ig degpribed,

The evidenca of a viwel sebiology for murine leukaenia wom provided in
1951 by Gromp whon he produced levkaemis in mice by injectlng them as newe
bormy with fildered Inoculs prepared from leukasmio tissues from mice with
sponteneous leuwiceculas. Inter, a highly potent louvkaemia vivus "pnssage AM
vag devived by merial ocllefiree passage of levkeenic filteates in nevborn
micg. Since thome discoveriesvere made, many muving Lleukaemis vivases have
been igoleted from o wide variety of movse tiscves ond btumours Crom mawy
goralns of mleey while some Inveebigators consider that therve is only one
nuwine leukscmin viens {Gross, 1967), it has also been sugeested that the
viruses comstltute a fomily of morolegicelly weloted agento (Moxtley ol al.,
1967) «

A recent veviow of murine leukaemis (Rish amnd Sieglor, 1967) denls with
the pathological, Immunologlioal and biochemleal sspeois of the disesane and
o review by Kaplen (1967) deals with the netural higtowy of muring leovkaemis.
The mode of wvirwg replication end virel mowphology have been described by
many investigetors (Daliton gb gl., 19613 19643 Dmoochowski gt 8l.,1964; de
Hovven, 19653 Foldman ond Groms, 19663 Yumeto ¢k gl., 1966). Slzuoturally,
the various murine viruses ave idemtlcal to one another althoush, assoordling
%o Dalton (1961) thoy may Alffer from one snobher slightly in sizes
Dingwam 2 shows the achemotbic representation of the particles given by de Thé
and O'Comnor (1966) and Dingvam 3 chows the varicus stoges of wirus woplicnbion

and releage which have beon demonstrated in olegtron micrographss



"IMMATURE" VIRION "MATURE" VIRION

Diagram 2

Schematic representation of "immature" and "mature" virlons seen in Ranscher

leukaenia virus preparations.

"Tmmature" virion. The complete virion,; 100 mp in diameter, hast 1, the

envelope; 2, the outer shell, 75 - 8% mu in diameter, corresponding to
a hollow coiled cylinder; 3, the inner shell, 55 - 65 mp in diameter,

posgibly coataining RNA {Type 1).

"lMature" virion. The complete virion, 100 mu in diemeter, has the two

internal shells fused ltogether to give a dense nueleoid, 4, of 65 - 70 my in

diameter (Type 2).

(from de The and 0!'Connoi, 1965)

———— e =



Diagram 3

Schematic representation of particle budding and release frowm the plasma membrane

1. Slight bulging of plasma membrane and formation of electron-dense
irner wmembrane.
2. Further fommation of immer membrune and formation of intermediate membrane.
%,4 Later gtages of budding with more fully formed inner and intermediate
membranes.
5. Complete particle of "immature" type free from the plasms membrane. (Type 1)

6. Complete particle of "mature" type. (Type 2).



There ave fouw neporbs of experiments with 1eulca.émiae in other specless
howvever, In come speoios atbemples bave been made to tronswnith the dincame
using cell-free Inocula and electron wicrogeope examinations have becn nado
o try o identify a vivuns The following paveasraphs present the ovidoencs

avellable 4o suggeat & viral acticlogy for some wammalizn loukeonins.

1. 'The humon diloeaso

Mooy stbempis bave beso pade to demonstrate the premence of wirumes in
human leuksomia, Some athdles bhave ianvestigated the offects of injecting
humen loukeemic tismue exbtragts lato erperimental sniwals; others have
oxamined loukaemio tissues end tissue onlivrey dexdved fwom gppeoimens fiom
louknenic pationts and bave attempbed to ghow vinuses elecbron miovoscopically.
tevy ané Oppovhodw (1966), de Hewven (1966) and Dalion and Zove (1967) have
reviewved thoe Literatnre on this gubject.

Anfmnl Ancculaibion expeviments have beon inconclusive. One invesghigotion
(Horbut, 1967) avggested thal o human leukaemia virus had boon demongtrated
Tud a Tuxthey analyols of the virus indicoted that it was probably of murine
origin (Fink ol 2l., 1967).

In vitro investigatione have ghowa mycoplasme in sowe cultures of human
levkaemic tissues (Drochowskl ¢b al., 1967a),e0d herpenslike vir:mﬁer:s bave heon peen
in cells derived From Buekivh lysphomes (Epstein eb nl., 19643 0% onor snd
Baboon, 19653 Zeve gl gls, 19663 de Hoxven, 1967a). de Harven found no
"ON ype pariicles in culiurves of cella from cames of acuie humgn leukeemis
or in eultures derived from Burkitt tuwwoure (do Huxven ot 8l., 2967: de Hoxven,

19672), ot Dnochowald (1967) has meporied finding (" type pariicles in 2



culbures from specinens from 2 patients with hwnen loukagmie.

Ilectron mioroscopic investlgatlons of plaswa and tissues from lewkacnic
pationts hove shova virus-like structures in some mpecimens (Poxiter eb al.,
19643 Dalton of al., 1964b; Levine gk pl., 19675 Omochowskil, 19673
Dcchowskd, gb al., 1967 asb)» Some of the particles sre morphologically
pinllar o the "C" type auwive virvses aod In bisswes from e fov ganes the
budding of particles from a plasmo wembranc hag been demonstvated, Another
typo of virus~like partiols bas recenily beon secn in tlpsme from o pablent
vith chronic lymphocyltio lenlkeemia (Viola of al., 1967). 1In a vecent study,
Newell gt gk (1968) examined plosme £xom 255 potients with lewksomla and
related diseames. Although Yvirvuselike” pariticleos were found, they were not
typioal "0V Gype lenkaemogenie viruses and they were found in plosma froen
conlrol patients ag wall g in plasna freom levkaenic patients. No eorwelation
haetueen the presence or absonce of partlcoles or beltwoen the mumbers of pavticlos
found and the olinical gtatus of the patlents could he estoblished.

Thus, although there s some evidence that vivueeilike pariicles can
be found in some humen loukoenle speaimens, the romlts of the inveatigatlons

made go far hove bean Inconclumive.

- 2¢  The diseuss in catbtle

Hovine leukzenis ox lyuphosarcomws is the commenest maligueney in catblos
vovent papers by Jarrost (1966h) ond by Jewreht gt gl. (1966) dessmibe the
digease 'a.ncl voview the literaivxe. Tho experimental twansmission of the
digeane has hoen veporied by soveral luwestigotors using whole cell ilunoccula
dérivecl from £leld oases of boving lymphosarveoms (Rosenbergew, 19633 HofIlund
gt ale, 19633 Mowshok et 8le, 19673 Thellen gt al., 1967). Howevew,
attenpis Lo tranemit the disesse with cellefroo extnactn from bovine levkasmic

tissves heve not suceeeded (Jazretl, 1966DL).



Blectron misroscops exeminstlions have been mede of bovine tisones and
aow's nille with 4he alm of demongibrating vivuses similor H0 the murine
lowkaomla vizusen (Javvelt, 1962; Sovenson and Theilen, 19633 Uebersohfy,
19633 Duicher gb al., 19643 Nozowisn gt gle, 19685 Dubchor el ale, 1967).
A few intrsoytoplaseic vivus-like strusturven have beon seen in gome specimens
but no convincing evidence of budding of pavticles fuom membranes has been
found, Ho perticlos movphologleally cheracterisable as "G type murine
lenkaemie vitusea have beon demongitrated exivacellulerly in tisnue sections
or in pellets dewived Lrom milke

Thus, in bovineg stvdies nelther has o virel sebioclogy beon domonstrated
by cellefrae tranemission of the discase nor hes s possible agent been

ldentified in levlaonic animols.

d

3e  Fhao dineoge in the dog

Tymphosavcons 1s & well rocognised melimmency of dogog o recent survoy
in Califernis indicated an incidence of 24/100,000 dogy (Doen et aley 2967)3
ond thet lymphosnreoma constitubted 6.8% of nll malignancies in males and 4,7%
In Temales (Dovn gt 2ls, 19682,b). Collular iransmisslons of canine Lymphow
saxcome hove been reporbed by seveval workevs (Lombexd ot ol., 19633 Moldovamu
ob ple, 10653 Hickewd; 1967) and cell-frec passage of o ocsnine mast cell
levkoemic hos boen described by Rickewd (1967). Lomberd ot pl. (1963)
demongteated "viralwlike" particles within the oytoplasm and Rickawd (3.967)
fornd “suggestive vivuewlike particles" ewxirvacellulerliye. Vivagelike structuves
sean in 2 single ease of conine lymphosercoms (Ledird, unpubliched remull) are

shown in Pig, 140 Chapmen el 2l {1967) found particles in tizsuves from
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2 dogs with redlovlun coll loukaemia; the Jllvetretion of the shbimotvros
poen in sectlons of wHiwssue from thae 2 dogn show that they ere not choractevistlo
louksenogenic=type particles; mowe convincing Y67 fype pariicles ave shown
in peotions of & tlssue culture established from cella fyrom the ploural
eavldy of one of the doge and pavitleles in a pollet of the timsme onltuve
fluld ave morphologicslly similer to the murine vivuscs. Ina isptor study
(Ohin g% 2., 1967) oells and celle-frec filiraton from one of the dogy with
weticulvm coll levknemie were injected inde axenie mice; the mise all developed
loukoamia and “G" bypo pawticles were Cound in tholr tiseues, Whothor the
particloy wore of smrine ow of candvs owigin vas not Invostigated.

Hone of theso observations or expervimenis establishes a virel aetiology
for the disease, but the remilis of the cxporiments of Rickard (1967) oxne

grrongly in favour of there being o virus assccisted with the discase procoss.

4o The diseape iv the eceinoa pie

One inbred siraln of gnince plyg, Stvain 2, has been found to develop
aponsaveous scwbe lymphotic lewkaonia (Congien and Lowenz, 19%4). Traansplantable
tumowrs hawo hoon dorilved fvom several mpontencouns cages and studles with one
of these, L2(, weore reported by Nadel (1964). o provide “preswsptive ovidence®
thet o vical agont wes sevogleted with the tumour, Opler (1967s,b) showed thak
She diseage can be tronemibtied with coell-free exbvoots of lovkoomic tisouesn
or with cellefrae plaoswa properations from gulnesw-pigs bearing LAC tuwourd,
Tleetzon micxogcopic ovaninationa of tissuwes and ploswa pellels vevealed virpse
like paviticles 80 » 90 mp in dlametew, Wadel gb gl. (1967) have almo

domonatraied vivus-like paeticles, 62.5 = 75 e in dlemebory ik leukeenlce celln.
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The pavileles seen la the guinea pig bissves axve assoolaled with lymphold
cells end mogukawyosyles and axe found in the bone mavrew, epleon and Tymph
nefle. Oplow (196?0) produced wltracentrifuged plasma pollets from levkeemic
guines pigs and in thoge found'{ype ¥ pardlcles and no evidonce of colls
ovr vall organelles'. levkeenis developed im mieain 2 guinea plgs fnoculated
with aliguota of the pellets exomined eleotron micwroscopically.  Thug,
thove ip esone ovidence thot the porbticlos obsorved In the pellets may be
essonigted with the leukaemopenic process snd ecould be ldentified with e
loukacmogenle agent lavolved jn this paritlcular guluen pile lovkoemit,

Hodel desoribes the parbtlcles in his tumowss as heving o conboal coxe
sueronnded by o wald membrene pad o "fumgy outewr coat®,  Opler descyibes tho
particies in hip prepavetions ag "weinre Typo ¢ pardicies® and pialtes that
they “appear to ho digsimiloy o previcusly dewmoribed vivwees", They are
smaller than tThe nurine virupes and have & less dense ivlermedicte membrane
thon thems  Qplor and Yedel both show pariicles within enfoplosmic sinternne
end perinvcleny spages.  Budding from the plaomy membrane has not boen
reocorded but Opler has demongirated budding Lrom the wmembrones of the endoe
plagnic weviculum, Groups of frae parilcles im jintracollnler spaces have
boon found. Thug, while there im some ovidence that the disease mey be trang-
mitted experimeniolly by moanp of o vizes lunoowlwn, thove appesres to be no oloso
corvrelation betueon the particles seon in the gulnea plg end thoso seen in the

HOWUSQ .



%« The dilgeago in tha yol;

Spontoncous levkaenles v labovatory strains of ret appear o be ware and
none have beon observed in enimols less than 1 yeaw old (Bergs, 1967).

The disease ocan be induced expordmentally, however, by trestment with chemiecels
(shay gt als, 1951; Haximen gb al., 19593 Iugeing and Suglyaus, 19663
Gruonstein ot ale, 1966) and by incculetion with fractions of verious ratb
twmouns {(Stvesney, 19503 Bergs, 1967).

Murine leukaenia viruses have been showmn to be lovkoomogenic L6 pats.
Holoney (1960) shoved that the Moloney mueine virves cowld infect xale snd theb
bott oell trapnsplonts and cellwfree ewbracls prepored from the induceld tumours
oould weprodugs the digense in wabs of the ssmwe stradns He also fomd that
vinug recoveved from the wol tuwnovwys rvoltalned ite infeetivity for mice. Gross
vivug, Ravacher vwivug end Priewd vimug heve silgo besn ghown To.be capable of
producing leukaemile in rats (Bmoahowa}ci &k alsy, 19643 Rauschor, 19623 de
Tazven, 1965),.

Thug, although these mwwine wviruses show varlations iu theiy ongocenlo
capacliy Lor partlceular mouse strainse they boave all been ghown o be cepable
of indueing levkaemisn in another species.

The induced disecase in the rab has the same clinleal and pathological
characborlztios as the spoatoncons disesse in mice (Moloney, 1960). Eleeiron
nicrogeople examinations of leukeaomic tissves from vebs with virves iaduced
Jeuvkoemia show typicel norine leukacwis viruses with the seme size and morphologyy
baing produced, by the seme baddilag process, from the same o6nll types ag dn
murine lewkeemic bizsves (Daliton gt gle, 19613 Dmochowslkd b al., 19643
Okono ef ode, 19653 Felduon ond Geoss, 1966).

Dalton gi al.(1961) shoved furthor that wiruses could bo observed in blood



plaseolet polleta prepasrved fxom the pevipboral blood of leukaemic watbs.

Wally Tormed parbicles were found 3n vacuoles in approximetely 20% of the
platelats and vivuges were also obsexved lylng free betwoen the packed plates
lots.  From this, Dalton gi al. (1961) deduced that virus would be exiracte
able fyom the plasug of lovkaendo rats in the same way as the avian leukogis
vizus had been recovered from plasma (Shawp ob ols; 1952):  This was lator
shown ko be so (Moleney, 1962),

Since larzger volunes of plasme may be collected from mats thap from mice
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and since plasme oxbraction of virne avoids the problem of cellulay- conbtaminabion

of the wixug, plasms from lewkaemio rats provides a zich sowrce from which
leukaamnia virus; vhich retaine ite chavecieristic morphology end infectivity
for mice,may be extracted. Thus, althongh the mal can contribuie 1ittle to
the miudy of spombaneons leukaenmis it iz of Imporisnce in providing o systom
for the preduction of laxge smovnits of muwine wvirusg for gquantilation end

chaveoterioation studies (Dalion, Huguenauw and Molonsy, 1964).

Qoenelusion

Thoes, en vas indicated at the beginning of this review s There 1Is stwong
evidense for a viral actlology fow leuksemis in only 2 ppecies, the avian and
the murine, bt theve is sgome evidence to smggest that the canine mest cell
leukeenisa hep a vivus ageccloted with 1t. Peline Lymphosarcome, the ficot
levkasmia In o domeetic enimal for which a virnl aebiology wam propoged

(Jarretst et ale, 19640) i now desoribes ln detail.
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Felive Iymphomaveonas ithe decoripbion of the disesset the weswlis of nrevious

oxporiments ond the ohijeet of the vroment gitudy.
!M.'H M

Foline lymphosarcoma may be etmdied from twe slightly differont angloss

ag o common digesse In o domeetic animel ov fyowm a comparotive polint ef

vicw, a8 a posslble model for homan loukaemise Tho meln wodel systen

studiod in the pout hes beon the murine ones  Although longer-lived and cone
soquently yielding wesulis more glowly then mice, and although more difflcult
to oblain g oxperimownial snimale, vabs offor certoln advantapges over mice fow
a model aystem sinue they are not syngonels end bthey do live in small "family®
groups. In the preasont experiments the genersl alm was to study the diseane
ag it oveuzg in the cat, bul the comparative ampect ves the basic yreason for

the lovestlgablon.

The diseapo in the oot

Lynphosavemna, lovkaemio, or maliguond Iymphonn ig o well 2ecognised
diseasa of the cats A companison betwoon lthe feline, canine and bovine foxme
of the dipease has bheen mode by Javrett gt gl. (1966s). Iu the cat, the itz
invidence in unlipoun due w0 the lack of acouvate data on oat popunlationns
however, o resent study by Dowa et ol. (1967) showed that in ono avoa of the
United States (Alameds and Contre Uomta eounties, California) the inoidenco
of malignant iymphoma vas approximatoly 42 cases/100,000 eato, It hos beon

found that the dimeass io the mest comwon malipgnaacy in cats (Cotohin, 19523

14
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Holewowth, 1960; Squive, 1964; Sowaidd, 1967) and constiinben epproximaiely
15% of all malignancies (Cotohin, 1957).

Ho pewbicular age, sox or bresd incidonce was noted and casen were
recorded in nnimelg from & wonths to LY yenws (Jolzworth, 1960); in another
gtudy (Celghton, 1965) ocoses in animals losw than 1 year old wewe very ine
frequents Rocently Rowa et gl. (1968c, b) showed thet lymphosarcoms ro=
prenented 18.1% of 21l molisoncies in femole oats and 3%.3% in welo cals,
and that the aniwal lymphosayeoms voses studied over a Jwyesr perioed wero
56.4/100,000 For males and 27.9/100,000 for femples. The epideniologicnl
aspocts of the dlsesse have not beon gtedied but thore is one ropords in the
literature of a houschold cluster of foline malisnent Lymphoms (Schneidew
&b akey 1967)4

The elinical end higbtopatbologleal aspects of the dipoase hove beon deacribed
in detail (Qotching 1952, 1957; Violsen aund Holzvorith, 19533 Holmworth and
Wiolgen, 19555 Holsworth, 19603 Urighton, 1965).

Three main forms of the discase are vecognized and axe classified
aocording to the anatomical Aistribubion of the leslons (Jovrebt gl ol., 1966).
The commonort foxm 18 the alimentacy-mesenteric in which thove is o grossly
enlarged main mesenteris lynmph node and one ov mowve bumour masgses present
along the wall of the imtesdines the liver iz offben affccted and the sploen znd
kidnoys may be involvetts In the mmitleentric form all the superficlal wnodes
are involved and the megenteric lymph wode is enlovged ond often palpable:s
the liver, spleoen and kidneyo mey be affected. The thymie form, which ism
lepe froquently observed, is chavectborised by a large megs In the anterioxr

wadiogtlnmm.



Hagmatological exeminetion shows dhat in the mejority of cames there is
no btrue lovkeemiay there is nelther an Iincreased tolsl nor perceniage lynpho-
ayte counts Lregueatly, there is a lymphooytopaenile. Anaoris s eonmon
{Crightons 1965).

Hiatoiogical exemnination shows that wll types of lymphoid colls caun bo
found fn the dtumoue lesions and that there erve no disbinctlve movphological
difforences between tumouy cells and noxmol Iymphold cells. Two main
colegories of case can he vecognised; In one group the dominant cell dypen
presont In the verious tumour lesions axe "Immetuwe" end fn the other group

tho twmeny cells ave olassificd ap "mature® or “mixed” (Crighton, 1965).

Byidongs sumeestion o vizal aoilolosy fox felino lymphopavsoms

The aetiology of the spontoncous disesse is not knowne At the onlget
of thls stody, apanrt Laom o briel reference Yo a prelindnary investligation by
darwatt (1966b), there vera no weportn in the litovature of closiren microse

copic shudles of spentencous tat lymphossvcomas Thug, there was no visual

evidence for there being o viyug Involved in the natural history of the diseceoe.

The progenve of leuksemogenio type virus parilicles in levlknemio tissues
from cats with induced lymphosarcoms was reporbed by Jexrets gf al. (19640);
no periiclon were seen in 14 appavently noraal, healthy cats. The inoculum
used dn these exporinents was derived fzom louvksemic tissuen fyom a ent with

gpontenecus lymphossreomas the tissuo exitvact ves subjected o high speed
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centrifugation and the présumed cellofree supexmatont was uvased o infect kilteas.

o

Fo tumonws arose nt the site of inocuwlations These wesulbs svggest that an



17

oncogenlc vives wag lavolved in the experinentally induced leukaemio ard
furthor, by analogy with the muxine lenksenia virvesea, thet the parbicles
observed in the tigsoues of the oate with induced lymphosaxcoma might represent
the oavgative factor. In these exporimenis, howvevory no sihndy was made of
the tissnes from the field cage of lymphosarcoms from vwhich the leukacmogenic
fuoeuiuvm wag devived, so it is not hnown vhother wviruses of the sawe type

were premont in the donow animel.  {¥See note ot end of Soction).

Thug, when this siudy began, it hed been showa that feline lymphosarcons
conld bo tranmitiod wlth presumad coli~fyee outracts of louksemic timsue and
Lovkeemogonie-type pavticles bad boen demonstrated in tissuwes {rom induced
sagsews although an asmsoaiatlon between leukocmogendesbype particlos ond
indueed feline lymphosarcoma was suggestod, no preof of a viwel aetiology bhad

beon ogtablished.

Whe aimn of the dnvestimeblopg and experiments described in tho followine siudy

R S e T

The eima of the lnvestigotions and expeviments veratw

1, b0 oxeming levksemic tissues from casesn of spomtancoun feline lymphow

poreone and o discover Al a viruselike pawvilole counld be identified,
2+ o study the moxphology of eny particle found
%» Lo investigatve the blologiecal proporitles of the peviicle

4. to delerming vhother the appoavance and behoviour of the paviicle weroe

conglaotont with 169 being o leuksemogenic virvus.
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The results in all of the lavestigations end expaerimonts were derived

from eleciron nicroscoplic exeminations.

Vhile the experiments to be described worve in progress, other evidence
in fovour of o vipel seliclogy vas provided hy the cxporviments of Rickexd gb pl.,
(Rickovd b gl., 19673 “ickexd, 1967) vho fowmd "G* type pavbicles in a single
cagse of cat levksenmisa pnd with o cell~fyee Cilivabe decvived from tisswes
ireom thls animal indveed leukeenia in killtens. IMurithor, Kowokeni st al.
(1967) obsexved Lype "M parbicles in the plasma from a levkasmic cat and in
the plasms of kittens with levkaeomisa Induced with cell-Tree and vhole gell

axtraobs from loukoemic bigove Trom the oobe
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MATER IALS

Anlimale
BRI AT

L

Gaitay

(1) Iymphosarcons field gages

The 8 casas of apontoneous feline Iwmphosarcons oxsmined were
not specially selected for the study. The digsesne wan dilagnesed in
the andnala by veteorinewry practitioners and the cats wero referred 0
the Veterinary Hospital. The oats in this series wvere all of thogse

with lymphogarcoms odmitted vo the Hoapital dueing » peviod of 10 montha.

(14) Hormoi adwlis

Ton healthy adult cals from the Uog and Oat Home, Coilerhill,

Glaggow were used as contirol snimals.

(443) Kittons smd odulb onin nsed in trensuission experiments

ALl of the kittens and cats used in the experdmenta bolonged 1o
the Animal Levkaoemie Heseswoh Unlt cat colony, This is a ¢lored
colony meindadined in the country, soveral milos from the Veterinary
Hogpitel. During the conrsge of thae experiments, the aninmals wore
houged ab. the colony, vhich lg supervised by a2 veuwsrinexry surgeon,
and were brought to the laborgtomy for blood exeminations, %0 he killed,
or for posi-nortom oxamination. During the covrse of the experiments
the hittens and cats belug studied wewe not In contact with any aninmalsg
from outwith the eolony,

Breeding within the golony is random and the kittens im the
experimenty vere obtalned from the Litters of 20 females. All of the

snimale wore nunbored and recorded individwally and wvere identified
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by physilosnl choracterigtics of colour and coal imnrkings., In casesn
of litters containing very eimiloy kitdens, cavemaxking was used %o

digtingaish belbveen the anluals.

2.  Hals .
Tho nevborn and adult hooded Lilster rais wseld i the oxperiments come

from the rot colony et the Velervinavy lospital. The oolony is maintained

by brother-gister nating and okin grafitiag tests, pewformed by Dr. J. Anderson,

have showh very few wrejections indlcatlng,that the wab line is approximetoely

syngonelic.
3, Mige

Pure line (30 mice, mainteined in the Veberinavy Hospital colony by

hrother~sister matling, were used for the mouse oxperiment.

METHORS

L. Prepavotlon of Wissug Blocks for Bientron Microscopy

(i) Pization

Small samples of tlessue were emeciged from anmmesgthotined auimals
and vopre lmedlately fmmersed In one of the wwo fizatives roubinely
employcd (see below)s  The somples were cut inbo ploces of less than
1 mr:-l3 and themo vere then placed in Lxesh fixative in hothles surwonnded
by ice.

o fixation methods were ugedie



(a) OQmmic 20id fixstion
Piasouos were fixed at !}.0(2 o J.},J hours in 1% osmic aoid at
P T4 in Zottovaquviet buffer (Glavews, 1961) ox pil 7.3 in

Millondg Wtfer (Millonig, 1961, 1962).

(b)

Glutnxvaldebyde-Donic acld fixation

Migsves wewa fixed at 49(] for 1 houvs in 15% « A.07%
glutaraldehyde (Sabotini et gle, 1963) ot pi 7.3 in Millonig ox
Soxonson huffer, After fixation avd 3 bviel rinses of a few
minutes eech in the coxvesponding Waffor the tissues vewxe furbthex

fixed at 4°C for 1 hour in cemie acid as in (o).

The choice of fixatlon proceduve used fox cach case wan determined
by the btlme of doy at which {the tissue cample ves nade availablo.
Mothod {b) wes preforved, but nothod (o) was used whon necessary bo

easure an uwminterrupied fixation and embedding of the tizsues.

(11) Dehydration and ombedding

Fixed tlesuos weve dohydrated in o graded series of alachols aceourdw
ing to the following schoduled~ T0% aloohol for 5 mimutes (5 timen),
9% sloohol for 5 mimalos (2 times), absolube alcohol for 15 mdnutes
(4 Hiwes). Specimens weve thon transferred to propylene oxide fov
15 minutes ond Yo fresh propylene oxide fov o further 15 minwbes.

Tiopues were embedded in the following Avsldite mixturose
Avoldite embedding mixbure
Stogls mixture (kopt iu vefrigerator) 1L part Aweldite Resin OY212

(Giva) ond L part Azeldite Hardenow Y964 (Uiba).
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Bmbeddines Mixbure 57 co Stock Soiwmbion, 2.4 e Di-n-Futyl Phibalate

and 0.6 oo Avaldidc Acoelorator Y064 (Cike) mined ovoraight with a
masnetic stivrer.

Spegiwena were sonked in o 50150 mizture of propylone oxide and
Araldite for 30 minutesn afier which more Arvaldite vap added to lueresse
the Arvaldite to propylone oxide waltio to opproximobely 75325, After
1»2 hours, the Avaldlie propylene oxide nixtare wvas poured of P and
fresh Araldite gdded. Tiosves were sooked overnight ot room bempevaiture
in the Avaldite. Spedgimend wore ombedded in fvesh Aroldite in gelatin
copsules or Beem capsnles (for very small speaimens)s  The blocks

were ocvred fov 48 hours ai 570(3.

2o Propavation of Tigsue Culture Colls fox Bleclron WMicrnsoeopy

Culture mediwne waa vemoved from o plastic dish containing a confluout
vall shoet. The cells were washod twice with PBS (phosphate buffeved saline)
and theon gewtly soroped from the plastic murface. Phe 00118)111'1 PIGS, were
gpue in a plastiic cenbnifuge tube ot 500 x g for 5 mirwbes. The suporastant
wes vemoved eund the cell pollet fixed in 1% osmic ncid ot 406 (pR 7.3 in
Millonig buffer) for 1 hour, The pellet was theu cul imbo swall pleces

which were delydrated and embodded in the same woy as Yissue somples.

5 Preparation of Blood Platelets for Blectron Microscopy

Booh Individual or pooled blood sampleo wap diluted with an egunl voluue
of 0.5 potession clirate and apun ab 1,000 x g for 10 mlawves. Thoe solimented
lawge cell fractlon won discarded and the supsrnebont wes then spum ab

10,000 x ¢ for 10 minnton. The pellet thus formed conmiated alwost exclusivoly
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of blaod platelets and was prepaved for electron miowoscopy. The supere
nadont was pourad off ond the centwilfuge bube Inverted o drain off any wee
maining fiuld. & swnll volume of 1% osmic scid (pH 7.3 in ¥illonig's

buffor) was added and the pellet was Lixed ok 400 for 1% howrs. The fizabive
wan thon poured off amd the pelled wos riused with 704 mleohols eosh T0%
aloohol was then added end the pellet was geuntly freed Irom the tube wall using
&If&atwended ovange-atick, TFraequenbly the pellel broke up iunto smoll pleccs

kA
at thip stage but if this 4id nol ocour. the pellet wap cub into é-mm’ -

B mm5 plecess  The pellel spocivons vero then tranefevved to a glans cone
tadner end wors dohydrsted and embedded in the same way os tlssue somples

(nee Hothods 1)

Hote: In some lambences, vhon only a pmell volume of blood had been oblalned
fron an aainol, no platolet pellé% could bo zeon after the centrifusetion
wovedure.  Although no psllet was visible the fixation achedule wog followved
o the pelnt of dehydrstion. Since osmic acid Hlackened eny plateleto
present bthis procedure somelimes renderod visible proviously lavisible pelletbse.
Such a pellet conmigbing of a thia loyer of pleteleyr wvas dealt with in the
nornal way. Only vien no pelleot was observed afber fization vas o semplo

dipcaxded.

4 Lutbing, Mounting snd Biainine of Sections fomx Bleatvon Microscopy

Sectlons were owh with eithor an KD Moxl 1 o on IKB Maxk 2 Ultratome,
uging glass knives, snd wewre mounted on uncoated Athene 483 copper spoeimen

grids oblalned from Smethurst High~Light Litd., Bollon, lancs.



Sections vere stained for 10 minutes with uranyl aceiate (Watean, 19%8),
minsed sucsessively in methanol, %507 mebhyl alookol snd dAlstdlled wator end
diied on L1ltexr papen, 'md funther steined for 10 mlouvies with load cliwate
(Reynolds, 1963), sad winged with 0.02 HalH and dlstiiled water and again
dried on filter papevrs Sections vere normnlly eramined immodiately sfter
gtaining, but if this vos not posaible. they vere stoved in Polwni dishes

which were kept in o dessicatop.

Se Hogodive Sininine of Sawples for Hlectron Microasopy

A owmoll semple of the mumpension to be exeminod was placed in o glaus
Petwi dish containing several drops of 1% osmis acid hanging from the 1id.
The suspension souple wos ilxed 1n the ommic acld vapour fov 10 wimtes b
voont tomperotnve. A eavbon cosled electvon miovoncops grid was placed on
the surface of the suspension somple avd alter s few seconds' contant the
grid wag wemoved aod the suspanslon £luild atbached to the geid was hlobtied
off with filtex paper. The preparation wos then stained with 2% wrenyd
acetate in 50% methanol. A drop of the stadn wng placed on a clean slass
slide and the surface of the grid vhich had heen in contact with the suew
penglion sample was olloved to touch the stain for 530 goconds. Hxcons

siain wos immedlately bloitbted from the gwid smuwieoe with fitter paper.

e EBilectron Microscopis Exanination of Specimens

D )

(1) Genered opoveting procednros
The gpecimendg were expmined with an AWML plectron micvoscope.
geesbtlons ond suwpenslion gomples were prepared as desapibed in the

previous parographd.



26

Pawticle detechion exeminations were careied oub by direet viewlag
vithout sn opbical megnlfier at micvoscope megnifications of 20,000 =
or 50,000 xe Undex these condlblons lenkaewmogeniontype particles
ware readily identifiable and eections and suoponsion preparations
were oaslly scanmed complobaly.

Meoctron micrographs woxe teken at verions magnifiestions bub
for vivus stroctvrs stuvdier they vere roviinely tekon st magnificctlons
of 80,000 x,; 30,000 x or 40,000 x.

L photographlc onlarzenent of x 2% wae uged for meling privnts.

(1) Selechion of moterial do be studied end criont of exswminabion

In the light of preliminery obsorvations the following avbitrary

proeedures wore adopbod.

(n) Buowinobion of tissues from Field eases and from normel nadmols -

A% least 2 timsues were gplectod fron cach 6ol
Seoblons fron seversl blocks from esch blgano wore exomineds
I ally at least 100 holes of erid mosh wore scanmed, Lor

pach case.

Hote:  The avea of each grid mosh hole of the Athene 485 clectron

miorogoope gelds contained approzimaitely 100 - 300 cell profiles.
The procedures cutlined ahove allowed for the exsmination of

approximatoly 10,000 « 30,000 ¢nll profiles repropenting eolls from

several focal regions of several tissuesn fyom cach Cose.
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(u)  Hzeminabion of diswon Erom dneeninted Tdtiong and Srop

woxmed Il abene,

Tao oy these tigouds word sologted fron onch 0aaGe
foctions Tvon sevaral bleoks Drowm coebh biocnn vewrse aronlned,

Pon holys of grid vesh were scbouad for ecneh tlpmwo.  Thowe
pracctiress aliowed for the exoeinsblion of spprosciwntely 5000 « 9000
aell profilese

(o) Erominablon of bloos

Ton holea of gedd mosh were scamned for coeh pellet

ounminabion,

Hatos  Thoe nrvoa of esch geid mosh helo contaducd approwlmeiely 900 « 900

blocd plateoled profilend

Hooh pedlet exominedion thorefore wommed appeozbotely G0 o

9000 platolet prefilog.

((1) Buoy 15.&1'1 mbdon of tiusus colinvg propapntiopn

o T

Poix holan of gedd mosh wowre seomned fox ench proparations

Hator  The avea of ooch gedd neoh hole gontnldnnd approzimaiely 100 cold

preadilon.

faoh Hleowe gelizee exonipetion thewofows seommed appeorinaiody

(3&){} GQ. et 1}3:‘@&1‘_]&11@5 .

(o)

Prominntion of nesebivoly sindded proporaticoen

Pon hados of @rdd mosh were somuned fox sach sugpension

JEERCIITEA RN 7 18
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Lovkaenis ox Iymphopavcoms

ALY of the fomis of neoplasin of the lymphold syobem of the mouso
ave roforved to as loukaesmis and the term ig uged genowally to apply to the
exythrolenkacnies (Felond, Reuschen), the myeloid lewkeemios (Rich, Geaffi)
and the lymphabtie lewkaecmias {Gross, Molonwy), The namo 'leukaemin'

ig also the gensrel ong applied to the humon dilscoge in which the presence

29

in the poripheral dlood of large mumbers of Iymphocyites is a common wenifestabion.

Jarrett ot ale, (1966} hove deperibed tho dipease in tho domestile snimals

and emphosised that although blood ehavnges con ocour the disease is of'ten
pregent without thone being an increesed absolute oz porcentage lymphooyhs
couat even whan thove in spvere and generalised involvement of +the Lymph
nodes, spleen ond other orgons. For this reamocn, the term ‘lymphopargoms'
ig prefarxed anld is ueed threughout $his study.

Other texns commonly employed 4o desoribe the somo disense include
malignant lymphono, adenopavcoms and leukosls, which ie the one gonewally

weed of the avien dilsesse pnd Lreguently uvsed inu bovine studics.

Paxrtlole Homenclature

This sbudy ic concermed with the morphological identificetion of an
agent possibly involved in the lepkoemogonesis of foline lymphosarvcoma., The
toukeenogenicity of the particle hag not boen esbablicbed. Houwevor, booouso
the pariiele con he charasteorised an a viras by virtue of the demonstration
of 1tg weplicetion in eells and tisoue cultures and because vhis viras ip
fouad ewmsociated with foline lymphosomeonn, i% will be referyed 4o ap a

tiovkaenia virag poetlcle'.
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Ta the experimeats to be described, this tewvm 1ls used to describe a
paxticle whioh has the sawe movphology as the muvine ond aviaan leukasmis
vizwaes. In tlesne soctions, porxblcles, approximately 100 aw with the
triplo-nenbrancd or the dense miglecdd structuve, found at gites normally
asasociated with the wonse and Lowl viruses ave referred to ap "levkaenla
virug pawiliclesy, In negativoly sizined preparatlony of extracts from tissucs,
blood ov +issue enltare fluid particles which are of the same sime and show
the same steining characterlistics oo the murine levkaemias virugses apve
degoribed aa "lovknenis virag pardielea™, When there Ip no possibility

of misintevpretatlon, the toxm "particle" is sometimesn wvsed.

Viengwldike wariticle ond vizngelike atructure

These teime ore used o degeribe a particle whompe sgitruoture diffeore
olightly from that ohoweoberiatic of the lewkaomis vivuses but whioh is of
the same ovdor of glze as the louvkaemis viruses and 1s seen in bigsne sectlon

at o site ot wvhich it in kmeoun thei leovkaemia vivupes can be present,

Particle dosgrintion

Teom o xoview of the Literature, it can be peon ihat no coneistent
toxminolosy Ja used in vhe description of the onocogenls RNA vivuses.
Acconding to the owiginal clessificabtion of BDernhaxd (1960} the myedne and
avian loukncmogenic viruses arve olassified as "G" typos however, different
vorkers uge o variely of Terms to describe thess vimuses,

A recont attempt hes beon made to ogbablish 2 waiveorsel derminolony
vhich would make 1t more possible to compare the findings of different workers
without constent wefevonce to eleotron micvogrophs {Clessification of

oncogenie RNA viruses, 1966), As plroady demonsirated in the Genwral
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Introduchion there swe two different morphologlenl particles associated with
warine lonkacmiag the aivustare of ong of the forms conglupts of threo concentelc
nenbreones surreunding an glootronslucont core and the other foum hag an olectronw
donge core surrvownded by one membrane. The xelationship hetueen the two foime
ia not kooun but since buddivng pacticles show a niple-nembraned struciure and
the type of pawvtlele with sn ¢lectron~lucent cowe is froguently observed
oxtrecellinlorly cloze to o ¢oll membrane this form is described as the

"immabure *C'Y type end the electron~dence nwoleodd form is tevned the "matvro
'O type. Deoplie the appacent implications of this terminology, those

ueing it strens that "ithe term Yimmature' or Tmatere' in thesoe contoxte ie

in refewonee only to vime afier foxvmatlon and is not meent to imply suythiog

in regard Yo activity*. This nopenclabure is fuwther confused by the faot

that wvhilo sone workoers consider the parbiele with the elsctronelucent core

to be the infective particle avd the dense core form t0 reprepent & dogenerating
vivion {de Havven, 1965}, cother workeys consider the weverse te be truc and
guggest that the parvicele with the electron=-dense coro 1 the infective virus
(Dalton gl ale, 1961)¢  Ho far, the sophisticated experiments which would

be vequived Lo esteblish conelusively vhich of these hypolhesoes io coxysect

have not been pertowmed, althovugh prellminary otiompis hove beon wmede to
ogbahllish the welationpghip between infectiviby and the progence of one ov

other ox both forma of pavbicle in an inoculum {do Hoxven and Frlend, 1966).
Thus, dosplie the recommendetbion that the teway "wmature and "immature 'QV-

Lype verbicle should be evmployed 1t ds feld that they should be avolded beecauss

of the cenfusion vhich caa arise from their unes
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Another Torm of nomencloture slso currently used is that of de Havven
(1965) who employs the bewmy "ALY to describe the parbticle with the elzetrone
lugont cove and (" to deseribe the pavticle wiith the dense vuolevid.
Although this tomminalogy vemoves the confusion betveen "moture" and "immaiuvwe"
pacticley 1t introduces the characster "AY normally only asoribed o viruees found
intracytoplasmically or in intvacytoplasnic clstornae.

Memy other workers use descwipilve temms to digtinguish bvelween the
o particle forms.  Albthough degeriptive elassificationr in clwnsy it has the
advaatage of being lmmediately undexstood.

Dlagrem 4 shows the stracture of the 2 types of pardicle end gives
pome of the mogl commonly used descxiptions.

in the wrosont study the "iriple-~membrened form" is deslgnated Wype 1 and the

“oloctron-donse pucleoid form" is designaied Type 2.
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Texminology used in the desvripiion of murine leukaemia viruses

and correspondling nomenclature uged for the feline loukaemia viruw

"IMMATURE" VIRION

2 ensa] gyl © VL b JOeR ] “
Desoeiptlon of Poyiiclo

AN i 6

dngarbawe Q8

"MATURE" VIRION

oud Paytlole Strugiuns

7L LT S Tt A T Yo ST B IR T AN T

matara e

Ay

G
i
Gwl and C-2( 1)
vogiculor pariticlo~containing (2)
meleoid
dougimnt target-like

alagtron~lucont core

{electron) dence

T

alectronwlncent mielooid nucleoid

telple-membraned form?  Yolactron-denso

Type 1 mielaodd LoxmV
Type 2

Bome awchors woing those tormg

Clespification of oncogenic
BHA Vims@ﬂg 19660

de lprven

Tanoto

Foldman end Grops

Paldmayn and Grops

Dalton
Dmochovraid

this gbudy (3)

Tumoto gt al. (1966) use those torms, G-l snd -2, to deseribe 'maituve' vivuses
and Gwenesitional stages of devalopment.

Yhis descxlphion s very misleeoding since nawy workers depceibho the other form
an having an eleciron~lincent nuolepld.

Feling loukaemis vimis.

% from de Thd end 0'Conmor, 1965
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JTNTROTUCTION

The structure of the murine loulsemogenic virnsen hag been dogoribed
in great detall hy many investigotors gtudying both tlssue seotions and
negatively stained virus ouspensions and meny elecitron micrographs have beon
published showing very clesrly the chanvsoteristic morphological featuves of
the viragses (Dalton ob gl., 19613 Duochowski b al., 19643 Dalton of ale,
19640y de Thb and O'Connor, 19663 Hall ot al., 19672). However, before
making o swndy of field cosoes of feline lymphesazcoms 1% was ccnnidorved advisable
to exemine wmouse tipocues knowm to conitelin lavge numbers of viiuses in owndew
to heoomo fanilier with thelr appepvonce in specimens pwroperved and examined
aacording to the methods 4o be used in the ¢ab studier. Usexoained natewrisl
fzom the Induvced case of feline lymphosarosme (Jarvedt b al., 1964 o4b) wos

also avellnblo for examination. Tho ajmp of the proliminary studies vere =

1) o eneure that the methods used in the pueperation of tipcues and

tiasue exiyocts were suitable for vivun demompivation

2}  to discover the best electron microssope megnifications to use vhen

soannlng sections or puopenslion proparations

,;) to gein experionse in Jdentifying fully formed vivuses oud carly budding
stages soen In blgmue sections and the chargeteristic porbticles soen

in sugpengion preparationd.
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rponinent 1

I
Pt -
T e s AN 22

The identification of Moloney mouse leukacnis vimug in tiesues fror a mouse
with louvkaemio Indused by the virus and in tissue cultures infected with

the viead.
Maderdals and Hetholds

(i) Pomooge of Molenoy lewkoomin viyug induecd lewkeemin

PP Y

Nevbozn mice from o C5HE lidtew wore inoouwloted introperitoneslily with
0.3 md of & 1/10 gn, equivaleut suspension of loloney loukaemis virus.
After 4 = 5 monthe lovkeemic developed in all of the mice producing palpable
peripheral lyuph nodes and mesenterio Lymph nodes. Lewknenieo bisoue from
one mouwe vasm removed and on owbvact MLVL preduced ap dospexibed below.
0.1 mi of the cell suapension of MIV] vas injocted intraperlioneally inte a
Litter of nevborn mice mnd levksemin doveloped in the mice after 10 - 20 doyss
tigsue from one of thesge animale woe used for preporing aon exteeot VITZ2 in the
same woy a9 MLVl. 8 littor of mice was inogulated wlth C.l ml of MIWV2 and
leukaenia developed in 10 ~ 20 dayn. The pegsage thus dnstitated vas main-

wained In this way for 50 gunervatbions.

(11) Preperotion of leukacmic bissus exivacts MV - MIVAO

Loukaenmic apleon end mesenteric lymph node weve removed from s single
wouse mnd & 10% weight/velune suspension wae mede by ndding the tissue, voughly
minoed with pointed selmsors, bo trlse~saline (T3} Thim crude suspension
vas pagoeld through o fine sloinloss stool sheet and the yesulting suspension
wes vashed three btimen by gontly centeilvging the niztuve, dizscarding the

supeInatans ,and vosuspending the solid maberdel in ¥, A 104 auoponsion of
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tha washed matewial in TS was then homogenimed in the Sylverson grinder ai
full epeed for 2 mlavies ot 4.‘30; The howmogenake was span at 1,000 x g for
10 minutes and the supernatont vas removed for recentrifugation ot 1,000 z ¢
forr 10 minutes. This proceduve woe rcepested ond the resuliing supsrnatont
vas gpun ot 10,000 x g foxr 10 ninntess  The supermateont from this ppilundng

wos used o lucenlate mice or tlssune ounlbuves or wvag stored al -«6500‘.

(1ii) Propaveticn of virus susponsion from tissns ovliore £lnid

The method umed is based on the mothod of Duesherg and Robinson {1966).
Guliure fluwid was colleogted from the bhobltles in which the infected colls woee
growing ond vas spuan 0% 10,000 x g for 15 mlowtor $o vemove cells and cell
debrist the supexmabont vas uveed immediately for vivas extraction ov wasm
storvad at «657C.  Storved f£luid was thawed rapidly before use by G’BMé.ing
the storage bovtle In o vater bpth et E.S‘TOG. Contrifugation proceduros were
ceryiecd out o 400. Pow parblelie exbractiony 3 Spinco S 282 tubes were
prepaxed hy adding to each & wl of 607 suerome in T8 end on top of this 10 ml
of 15% nucrose 3‘.1;1 T8« A volume of npproximozely 45 ml of the fresh op
plored bilssuve onliure gellefreo £luld was layered on top of the sucrose colurn
pnd the tubes weras sptn at 75,000 x g for 45 minutes. The supernabant vas
verpovad and a fzesh volume of tissue caliure oell frec fluld wag addeds the
conirifupgation wag repeatsd and the vhole prosedwre repeated once more. A
band formed at the interface bobwaon the 60% muerose snd 158 suerosey the
bands from the 5 tubeg were collected and combined Yo give o volume of
approximetely 6 ml whieh wag then diluted to 40 ml with TS. This puspension

ves layered on o o single tube prepaved with 6074 and 10 suerese as alveedy



doserdbod ond the tube was aptin al 75,000 x g for 1 hours  The hand which
formed (opprox. 2 ni) vap removed and diluted with 2 ml of T8 and luyered on
0 0.6 ml of 60% swerome in T8 and apun at 100,000 x £ for 4% minnbes in
the SW39 wotor. The resulbing band (approx. 0«1 ml) was dilubed to 0.5 ml
with T8 ond layeved on 4.5 ml of o 16% = 6074 guorvoss (in T8) gradlent emd
gpust for 2 hours abt 100,000 ¥ g¢  The band which formed in dthis grodient

wasn »enoved for eleetron micropoopie oxaminatioi.

RESULES
Lo Tigsve exominationg

Samples of leukaenic mploon, megentenlc lymph node and thynmus vere
tekon from a moune from the L3th pessage of the Moloney vimws induced lovlacmios
thope mpaaimens.were preparved fov eleabron mdcvoscopy acconding o the roubine
procedure, |

Tirus perbicles, shouving the well charncterised morphology of the
Molonay virug, wowe found in all of the splean, Lyuph node end thymms secobions
exanineda Buddimg,ﬁypo 1 ond Wype 2 pawviitclea were fouud associabsd wlith
Iymphold cells and negokavyooyies; complete vizuses wore geen In extracellular
ppages and intracellunlar vacuoles. TFlguves 1 - 11 ghow typical examples of

virug foxmatlon and abrueinre.

2 Digoue eulture oxeminatilons

Approximetely 50 x 106 cells fxom o peinary culiure of whole monse
embryo woro suspended in 14 ml. of the leulkasenic tlseuwe exbwact ULV2Y diluted
137 with growth medivm. The ceolle sud vwirus wore incubabed with gtlvelng fox

00 mimates at voonm temperature. The cells wore then washed and greown in

8 0z. bottlede.
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(1)  Dxemivablow of iissme culiuve fiwild

Pigmue calbure finld was collecied from the culiures evevy & ox %
days botween 14 and 28 days after infection of the sellss thoge sanples wore
pobleé end ¢ vives suopension wag prepored snd negetively stained for alecivon
nicrescopic axaminatidn.

Virvuges weve easlly regognlged by thelr chawveclteristle atructure which
digbinguished then from the gravles and membranes in the small amount of
conterinating cell debris in the sveponsioas Viewsos with 3 membzranes ond
others with eleolronedonss mucleoidn weve ldentifled. Wigure 12 ghows
gronps of payticles lIn a typleal fleld fyvom o suspension preparationg the
uranyl acotete staln hpy penetrated to the core of the paritieles and survounded
thom and thueg the menbrone structure ig c¢learly defived. Tigure 13 shows
a geoup of 4 particles et higher magniflcations one pavtiele shows the three
mombrane layers wvory distincetly and in 1% theve im an Indiocstion that the
daner ond inbtermedinte membvanes have a vegular substructuve; the adjacont
particle has a more amorphous appesvence wlth the membranes less clearxly defined
aud with the core lvos densoly steined; the wemeining two particles ave
cxamples of disrupbing vlruses with sonleintoet bHouwnding membraves suwrponnding

bealzoneap alewonts of the inlternnl sbiuoture.

(11) Drominobion of cells

Bight wvesls ufter lufestion of the euliures, cells were havvesited Frcm
the eultures by trypsinigation and a pellet of the cells was prepared usiog
the stendard procetuves alweady described (see Motewinle and Nebhods goobion).

Large numbers of vizug parviclen were found apwoclated with the eellsg
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buddding viruses vere frequently observed ot the cell mewbrancs awd complate
perticlesy both Sype 1 and Typo 2 partlcles,vere seen exiracollularly, either
gingly or in a band round perl of the eell or in lavge groups in The iatepre
cellulay specos. Mioares 14 « 16 give typlcal exemples of the vires dilge

teibution and strvcturve.

() by A4 &
Hrpssinent 2

The exaninatlion of leukaenic tismus firom o cal with lymphosavoons induged

with o feline levkacmic bigsne exiracts

Mnterials and mothods

Previcusly waezanined, showred tissue blocks weve svaillable fwom the
sape of indueed lymphosewcous examined by Jovrett gt al. (1964b) and shewn by
them to eontadn virus paréticles. Seotlons of nesenteric lymph nede, vhich
hod been cmbedded in meitbaczylate, wore cub and mownted on Fozmvar coated

grlds end stained with lood eitrate for 10 minwtes (Reynolds, 1963).

Rogulis

Vivue particles were found in most of the sectiony of momenteric lymph
rode exomined. Tho struactore of the paxrtleles and the sites at which they
vere found wewe ap hed mlready been desoribed by Jarreti of al. (1964b).
Portlelos budding from the cell punfaces wowve easlly identified and falxly
frequently observeds oocasionally two paritlcles wore found budding close to
one another from a short length of plasmne membyane (FPigs. 17, 18). The

dateil of vime fovietion conld be seen wvery clestly in some budding parilelen
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demongbrating the conblmidty betweon the plesme membpane and the ouker poriicle
membrane and phowing the partially formed intermediste membrane lying boiween
the bounding nembrane end the eleotron-dense jnner membeane (Fis. 16).  loat
of tho partlolon obgewved woeve of Type 1y o fow Type 2 particles wero

obgerved aud cecaslonally a Mialled" pavticle vas ssen. Bingle partlcles

and growps of pariticles vore fownd exitracellularly sud la intervellnlar

vacuoles (Figs. 19, 20, 21).

Thesa preliminary siudles have shown that the methods of preparation
and examingtion aged wore ssbisfoctory fovr the demonsitxebtion of mmrine leukaemlyo
virvsey In tiseued end susponsion puspavcilenss the miovogzephs of the marine
viruged shoy the chavacteristle pariieles ildentical to those illumtrated by
other iluvestigotows. The gtudy of sectlons of 1ymph node fweonm the fisid
casge of folino lymphosarcomn confirmed the obmarvations of Jervett et pl.
(19641) ond provided an opporiunlty of exemining tiszsuo secbtlons in which thers
wore welatively fov pavticlen. Buddlag perticlos and comploete parﬁioleaj
In voovoles ond in extracellvlar speces, wore peaddly ildentlfied at the
magnificationsef 20,000 x and 50,000 x.

O the begis of these fiovdings, the materlal obltalined from fiold coses,

from inoculabed kittons and cabs end from Hissve puliurves were preparod end

oxenlned according 4o the mothols used ln these prelimivary sivdles.
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Beetion 1

Tho aseocdation of leukaenis vivug particles
with tispucs from cases of

spontenscus felino lyaphosareons



TNERODUCRION

At the outwet of this study, there vere no weporia in the literature
of electvon microseopic invesbigations of cases of spomioneous foline
Tymphosorcoma, aport from one brief comment thet a very preliminavy
oxzamination of o few cames hod failed Yo revesl vivus pavibiclea (Jarrotby
1966h) .

Hleciron nicroscopie studies of gpontoncons levksemios in other species,
reporied belore and during the present investignilong, heve been reviewsd
in the genewcnl initrvoductions it has beon noted that while thewe in some
agvidence to asupport the theoxy thet a leukasmogenis vizng is Involved in
leukaenmia in the guineswpig, ound in the dog, there i no convineing evidenge
0 suggest that thig ls the case for bovine lymphosoxoeoma ond only wvery slight
evidence that a levhaesnogenic-type virus is present in certain humon
lowhoening.

¥opt ntvdien of the muvine levkaenias have beoen coneerned with indvced
ceses of the discese or with tissue culburves infectsd with one ox other of
the mewine levkaemdis vivwsesy only o fow studles have besn conoerned with
the spontonecns dleoase (Pmochowski and Grey, 19573 Bexmhard end Gaéiin, 10583
Dedton o gle, 1961)s  Dalion gf al. exemined spontancoun levkeemise in
two mouse straius with & high levkeemis ineddence, C¥NHE/FulY with an incldencc
of approgimatoly BO% at 10 months and tho AKR strein with o similax incidences
thay veported that in cach smbrain particles conld he Lfouud although these
vere prosent in smaller mumbers thon in copes of louknomis induced with oay
ono of the 4 vizuees which bthey tested. The weport did not state in whad

perveentage of the cases of spontoncons loukacnis exemined pawdiclos were fouad,
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It wan reporied that bone marrow and apleen megeskargyooytes wery the cella
with vhich paviicles wevre mogt frequently ssmocinted. Particle formation
within specific gromulos of megekaryouytes appoaved w0 be a choragtenistic
of the sponteneons loukaenmdas and of the Grosms vituy induced leoukeemia.
The pardicles in the mpontencons lewmenles weve movphologically similay
o thogo in the wivng ifonduced opreng  glight dilferonces of particlo dlemctow
wove noted ia conparing particles found in the different leuknemias and
it vas veported thet the particles in the two spontencous leukaemias and
those found in dwo OF the vivus-induced leultacmion (l?x'iend ond, Grogs) vere
sldghtly snellor (90 mp) then those found in the other two viruvs-induvced
lovkoomian (Molonsy end Mopakor CwG0 - Sohwexts) which wore 100 o

Thng, o8 fav og the presenco of chevaeclterisile lowkaenia vives pevtioles
is concerned, the walo diffevence between the gpontancous and the vizmow
Indnced murine Jleukonemias iz that blopues from the lotior conloin wany moye
pavticles thon thope fwom the formery thip is pervhsops not uwnexpeoted ia
viaw of the fool thet the ivoculs weed lu the vimump-indnced lenksemics ave
highly concentrated vivus proparaiions devived elther Lzom serielly possaged
lovkaemias in vhich the virus titrve boo been inoreased or from infeoted tlsmue
udturen which wvewrn profduoing large guantiilos of viruvg.

The aing of the invesbisations desoribed in thio gectlion were
1) o debemmine vwheiher or not levkeeinio vires particles could be demonstesied
in tinsves Lrom cames of spontancowns feling lymphossreoms and 1f sno, Go
goudy thelr morphology snd mode of eplicatlon.
2} to study the ongen and coll diwtmibution of any parilcles obmerved.
3) to deternine vhether or not leuknemis vima pmrileles conld be domonstyated

v tismwes from norvmel healthy eabs.
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4) o collect and nboro bivsuen from fioldd casesy this moberinld would

ha avalloble for ltrepsmisalon stwliesn,

MARTRIALS AND METHODS

1o Animade

Bight onsen of ppontonecus foline lymphosarcoms were oxemineds Theso
werse numbered €L - (1.0,

Ton normal eduld oatp vere sbudied ap contwels. Those vers numbexed

HAL « JARO.

2¢  Digsuss for elesivon micwostopy
(1) .from lymphonorcons, cases.
Semples of spleen weve tokeon frow each of the cases (L1 « OLO and sumplen
of meseateric lynph ncie from OLRE « GI8. In addition, samplos wers
tokenn from cach of the animals Ol ~ (IO from cno o» mowe of the followlng:
the poripheral lymph nodews, thymus, bone waerov. Mool semples Tow

platelet exsminations veve tokon from ocapes (LT and 018,
{(3i) from nommel onimals.

Somplas of spleen ond mogeanteric iymph noedes vere telen from ecach of
the onimals WAL « HALO and of thymus from those enfwals in vhioh thio

GREDN VaE PREsOnte

-1

e Tigoues for higtolosicol cxaminstion

Sauplen wera taken from eosh of vhe cases CLYL - QL7 from ong ox move
of the following tlanusss sploen, mesentorio lymph node, thymus, bone mazrow,

the pewipheral lymph nodes. No matondal was svailoble fzom cat GL8.
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4o Wisswen Por stornga

Levkoenic uodes and splesns fron oases CLL ~ CLT7 vers womoved and

aboved separatoly In sealed containers ah 654,

Histologlead exsmination of the tissues from each of the sats CGLL - (LY
conilymed the disgnosis of lymphosarcoma.  Blectrop microscopic examinations
vovealed the presence of levnkeemia vivun parvblicles in one ox move of the
tiamues from 5/8 of the casos; in tlssues from cack of the other 2 caaog
anly e or two vivos-like pavticles wore obgorved., o particles weore found

In any of the tissues Lvom the noxmal onbo.

Lo Glomgifieabion of oanes

A% post-morten the eanes vore classified accowiding o the anslonicpld
Algteibution of the loslonsg the claseifiocation oysbon nsed ms thatb
desoribed by Jorvest ob pl. (R966). Table 1 indicoies the type of Iympho-
parcons, found dn erch of the 8 cames plbudied and sghoue thal the series cone
aigted of 3 cases of muliicentric lymphosorcona (CLL, Ghd, OLG) and % oases

of plimentery lymphosarscms (G2, O3, CL5, O, (18). Grosply, each cace

wag byplaal of the olass fo which 1t wvon aeoigned.

2¢ Higboloalosl findinaeg

sttt

An exomination of timsuen Lfron each of the oases OL1 - CLT confimmed the
dlaguosin of lymphossyvoonny wo tisecue wan available fronm eat CLE. ‘Tho
main higbologicnl features of sach case are deseribed below and the dominant
coll types found In the vamour of each eniwmel are glven in Table 1.

(See also Tigs, 22 ond 2%).
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oLl The Iymph node and the splecn contained a wide spectrun of tumouy cells
raoglog frowm medivm lymphocytes to bizoxco stem solls. In the llver thowe

veve o fev euall Foosl avess of lmmature Lymphoid tumour celln.

CL2  Seetions of lymph node feod this case shoved o wide vonge of cell dypoen
from medivn lymphooyles to stem ¢gellass Splonie involvenent incluvdad tho
weplocerent of the Molpighieo bodies with malignant cells end heavy Invasion

of The wed pulp, Thae liver showed Infiltwobing wesses of lymphoblagis.

Gis A sectlon of the madn abdominel lymph node mass showed tumour cell
shoeta with o variety of eell types renglug from swall lymphooybes to sten
collsy the aslom cells wexe Yocnlly distribuled and in these focal aveas there

was @ high nitotic rate.

Chd  Secticuns of Iymph node showed faiwxly uaifora tuvmony ooll sheets with o
high wltotic rate. Lymphoblosis wewe the predominent eell type. In the
gpleon there vas inliltraition of Iymphoblosts end lawpe lymphoid cells into

the red palp. Yhe bore meryow was eleo hewvily iafiltrotod.

055 The mein tumouwr masses in the intestinel iyaph nodep and along the ileon
wery oomposed almost entively of lyuphoblagts with o wolerately high mitobic
rate. The splesn woz wot markedly Juvolved hut the Melpizhion bodies weze

enlorged end contained abnormsld mmbons of lymphoblasts.

gLe  The mein buwsour call Sypes in the lympb nodes were Llymphoblosts ond wien
colls with o wodeovate mitodtle rate. The spleale pulp was aluost Hotaelly
reploged vith messive focd of lymphoblaosts and ztem celles. Siudler cells

wove Tocally dimteibuvied thwovghout the bone marrov.



LL7  The woseniorio Lymph node and other Iymph nodes of the abdomen wore
heavily Indileraied with bmwibure Lymphoid cells vith o low mitotic zaie,
The poanareas, liver and Peyor's patohos of the small intesctine vero lafil-

trated with sinilor lynphold tumour goll typen.

3.  Dloctron microscope findinas

Table 1 chows the tissuwes oxamined and in vhich of these leukacmia virus
paviicles vore identified,

Partioles vere found singly eund in swall groups, in exirvacoliuvlaw spacen,
In intrecelluloy vacuvoles and budding from plomis membranes and vacuolew
nombranes {(Migs,e 24 - 27).

Bxtracallvlarly and in the initracyioplasnio wvacvoles, the pavticlen
wore clreular orx elliptical in profile, wembrane-bound end hod 2 mean
astemnal dismeter of opproxiwstely 100 mp.  Two types of paxiicle wore
fomndj movphologicadly, these were ideatleal to the toiple-nembransd foxm
angd the eletironedonae mioleodld form of the murine lovkaemia visnuness

In sections of ogb btlssues the structure of the one type of purticle
(ftype 1)} wes seon to oonsist of an external boonding membrene inside which

there was an eleetron-donse Jlnner nembrang (li‘ig- 28)y  Mhin nembrenc,; denger
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thaa the outer membrane, bad a meen dlmweten of appwoddmately 5060 mn.  Nedveen

theae two membranes thore wag a thind, intermedlete mombrone loss donse thaun
both tho loner snd ouber membrenes, with a diswmelor of spproximateoly 80 i
Moat of theae payticles bad an electron~lucent ¢ore bub o fow had o alight
condenzation of electron~dense moverial in the core. On the oulor suxdaoce
of some pariicles thers was o "coabing layexrt, (WMig. 29) Thils wag nob

& membzene b appearel to consist of mmerous mmall dlserebte componenty or
a ditfuso layer a Leow w?a thick in close aspoclation with the oxbemnal surface

of %the porticlo.
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The pocond type of perbicle (Type 2) had an elacironedense mucleoid and
o outer bowadlng menbrane whileh Lreguently presented an lereguwlar profils
with o wninkled appesranse (Fig. 30). Iudividuel dieneter measuvementbs
rvanged fwom 80 mu - 115 mp. The elestron-donse meleodd, spproximately {{
&0 i in dizmeber, wos centrally looated In some paxlticies but was frequontly
ohaerved to be eccewtrionlly situated within the ownler membrone. This typo
of pawtiele vas nobt oftsn found to have the "eoabing loyer! assoeiated with
dte  TE vas wore wsunl to £ind this type of portiele in exitveacellular mpaces
thon in vacuoles.

In addition to observiug individual ond igoleted particles in vacvolen
and in dntercellulor spaceas, groupa of particles wera fouand at both of those
siten {Piges 25, 51 - 33)s Within voouoles, 2, 3 or 4 particles were obsenverd
and exteocellularly swoups coneisting of 2 - 7 paviicles wore found In close
psgocdatlon with inddvidual nelle. Ho large agsrepebon wore seee In the
Inboronliulay apeces and ia the veouoles, pardicles of both types could e
aeon within the same groupi sOome groups, howevedr, conaisbed excolusively
of one of the Yypes of persicle.

At the plasma wenmbrans incomplete panticles at various steges of develops
ment were nobted (Mige, 26, 34)s  Parbially-formed pariticles worve also obgerved
projecting into intracytoplasmic vacuoles (Pigs. 35 « 38}  The £ireh stage
of perilole development whioch conld be recognised showed o short lovgth of
alactroun-dense wembyrane Ilying In the cell behind, close toy, and parallel o
the plasna membrane or vacwole-bounding membrane (Pige, 34, 30). Later
stoges of peabicle budding showed & slight bulging of the membrene and on

exvondad projocition of vhe mewmbraae bohind which the iwner oleobron~donse



membrane was nove {fully developed (Flg. 39). AL thin sbage, a short length
of Imbernedloic membrane could be seen forming helween the pleswe and invew
membranes. Some oells showed only one projection or tud on the gell pro-
$ile op distending into o vaouole (Fige. %9, 56)3 obhor cells showed 2 o

7 teds forming along 2 short length of plasmn membrate (ﬁ‘mg. 34) o0d in some
varnoles soveral budding particles eould be mean (Fig. 27)e  Aluost complete
paviicles, ia vhich tho ianer and Intermediote membrenes wome fully fovmed
and clmeular in profile were observed avitoched to the plasma membrane or
vaouole membrane by a thvead of membvane (Figs. 40, 41, 42). Occapionally,
o perticlos wore seen pileched to one anothor and one of the paiv abitached o
tho cell (Pig. 43}. A fow pmybiclos wore observed with tho owber membrane
droxa oul do form o "tail" (Tige 44).

A% all stogos 13 oonld be geen that the eell mewbrane provided the oulow
newheane for the perdicle and thet the lumer and intermedinte membranes wore
baing formed within the cell (Figs. 27, 34). In the rezion of = budding
paaztiole the oytoplasm shoved ne charvactorleiic feativesy the ribogome
digtwibution wos similar to that found along tho pesiphewy of the cell whove
1o hwdding wos meeny no call orgenelles weve found prefeventinlly loszbed
neow o mdding pavticls, A "eosbing leyer" could bo secen on some complete
and. tncomplete particles (Fign. 45, 46).

In genezal, paviicles wore asgociatod vwith two cell typem. Megskaryocyten
shoved particleg budding inte intracyioplosmic vacuoles and complote pavbiclesn,
of both dypos, wvore found singly end In groups, in veonocles and in loinoe

oselivior ohamels {Fig. 25)3 bedding from the plasme nembrene vas not observed
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froquontly. Complete pavriticles of both types were fownd nesy the sunface.
Lymphold celly shoved poapticles budding freom the plasme wmewbrane and Type 1
particles wore frequently found extracellvnlexdy nesr the cell suvfaces; Type 2
particles vore also, alihousk lems frequendly, soen sxbrocellulaxly (Figs.
24, 28). Occesiounlly lymphoid celly were observed with vecuoles contalning
ona ox two pavbicles.

Tahle & g.\;';i.vefa & pumpary of the main obeexvevions made with wespeot

bo the types of parbticle fovnd in fwdivitual tissues from the ilndividual

In papon CL3, GL4 and OLD; paveleles wove obmewved in sluost overy section
of eavh of the tissues exsmined. In eages UL and L6 parbicles vere fouad
in oaly woms of the tissues.  Although ne guantitative studies vore made
it appopred that pavsicles were ag Lrequently obseorved in the paviticle poaitive
tinsues from oage Ll and CL6 as in the tisgues from the previous three
casen. Pariloles were paviiculaxly abuoadant in the illag lynmph node seotionns
from (L1 sod In the bone mavrow sections fwom (LG,

Vo hudéing pavtieloes or groups of pavbicles wore fouwnd in any of the
tlapues fron cagses (L2, CLY and (LB. Iowsvew, in coch oase one ox more of
the wsectlons from cne o moye of the tissues showed poaviticles with some of
the norphologlenl ohavacterishics of the muwine loukeemisa vizuseos.

In enge Cl2, a single viruo-like porliicle was found in o broken-up cell
peen in o section of the prescapular lympk node (Fige 47).  The particle was
approximotely 100 mr end had o loyered membrane siruchure. No other virupe
Jike partioles were fouwnd In the exanination of btlssuen from CLZ. In case
OLT wima-Llilke particles vere obgerved In twe bloswes: 1o a seetbion of a

blood platelet pellot a single particle was found owntride snd cloge %o &
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Tehle 2

Types of particles obzorved lu tlssuce

from coges of spontancouws feline Iymphosareoma

Tissuon oxemdned ond typesn of particlo obmerved *

C@Jag * o i1 3
Nusbox: Splaen Done Marrow Thysug, Othor Tissues
013 - 14/ BO/N  ildec lymph node
oL - {m1) (o) proseagnler lymph
node - mesentoric lymph node
GL3 T BA/TM mosonteric lymph nodo
CLd P/ TSR DA/ ) PA/E mesenteric lymph node
_ ¥ iliec Llymph node
GLS A/ BA/H | B/T mesentorwic lymph node
CL6 - Ba/mm Ba/H mesentoric lymph node
« mediaptioal lymph node
Gy - - Eiﬁg (%) menontoric lymph node
N} cat blood platolots
- prescopular lyinph node
GI8 (1) (n) - (1) (b) blood platelets

- megenteric lymph node
« pregcapulay lyaph nodse

The following symholo are wsed Ho doncte the principal pariticle typos observedie

A ~ budding poviticle; TH « triple~membrancd (Type 1); ¥ « olocivon-dense
nucleoid (Typo 2),  (a) ano perticle onlys (b) one swoup of perticies only
- indicates no particles found.
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pletelet nembrone (Fig. 48) and a fov perticles with eleciwon~dense coves
wexve found in o sootlon of mesenterio lymph node (Tiz. 49).

fn cage OIS, in one secitlon of o spleen megukaryocyte, a growp of particles
vas seeny some particles had olecitronedeuse centres (Plg. 50)s  In o
hlood platelet pollet section a single pariticle, similer o that fouad in
ULT)wag choerved In o plstelet vacuole.

Table 3 shows the exaninstions mede of tlssues Lrom the novmal csto and
indicatos thot neo leuksemic virus partieles were found in any of the vistues

fxrom any of the caine
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Sable 3

exanination of tiszgues fronm

norimnl adult cats for the presence of lowkeenia virus pariiclesn

Tissues erxanined *

Cat Spleen Mesenteric Lymph Hode Thymu;;}
NCGY - - "
naz2 - - -
G5 -~ - ntp
HeA - - utp
He5 - - ntp
NGB - - -
NOT - - -
[es - - atp
NG9 - - -
RS - - -

+  particles found
~ no pardlclos found
ntp  no bhyous present in these animale
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DISCUSHION

WY AR A e

Eroponog of porticlen

This study hon established the existence of levkeemla viius parbicles
in tissues from several oats wlith spontsneous lymphosewreoms and has feiled
to Jdentify them in vissves frow normal) animals.  After exowining the first
4 panges in thig gevies end finding nunerous pawticles in % of thom, o brlef
report of this obsorvatiow was published (Ioird et gl., 1967)e A% the sowme
time, Rickexd et pl. (196Y7) wvecoxded o wingle cane of spontunecus feline
loukacmia in which "(" type particles wers found and de Huzven (1967b)
moniioned o plmlloy finding in o glngle case. Iater, Kewakend gb al.
(1967) demonstrated vivus in the plasma from o cab with spontoneous leukacmis.
The porticles demonotvated by deo Hevven ond by the other 2 groups of workewrs
ave merphologically identical o those found in the animels in this geries
in the cases investigated by Xowskami eb al. and by de Havven, it wag found
that meture *GV type partleles predominated while in the case ezaminod by
Rickand gt gl. particles with eleetron-lucent ¢orves vore found. Iu none
of these reoports is it steted how nony casen wore studiedy thus, althoush in
his dnvestizatlon 4% has beon shawm that 5/8 cosos werve clearly partliclo=
positive and that im 8/8 sone particles were identified, the bodal mmber of
casen oxomined in the 4 labovatbordes ia not known and the pexvcentage of
partictewpooliive cases cannot be calevlated. However, fuom the dats ovails
eble, 1t is esbtablished thot 4 groups, woxking totelly independenily, bave
demongirated the preosonce of lowknenis vivvs porilceles in at least 8 randomly
solected casony  thie puggosds that the assoclation of these parvtlelos with

spontanecous feline lynphosurveownns may not be waeommon.
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Pantiole moepholomy

The pacvticles found ln the feline tismucs heve the somo morphology
and mode of foemabion by budding as the mweine levkeemisn virpses (wee
tenoral Introduetion sad Preliminary Studies). Al electron nicroscops
magnifications of 10,000 x and 15,000 x the paviicles were distingulshed by
their characteriatie clectron densityy atb the slanderd examinssion
wognifications of 20,000 x and 30,000 x, +the morphologicel delails weve
ocloarly resolveds

With the exception of those particles with o "ooeting layer!, thoe
o typos of pavticle scen in this study cowvrespond completely with the
dosowlptions and eleotron micrographa of Immature oand mature “CY typo
morine particlesy {tho size ond membuane osmophilie of the Type 1 feline
noxbicle make it mowpholopleally indistinguisheble from the lmmnntere WG
type aud the mize, menbrane irvegulenity and wucleoid slzucture of the Type
2 foline poxiiola makes it mowphologloally ildenbticsl to the naotore YG" 4ype
mavine vicag.  The Yteiled' appeorance and the coceniric pomition of the
nuei@oid within a weinkled limdting membraone seen in some oat parbicliva
have been described In studies of the muvine viruses (Dalton of al., 19613
Dalton gl gley 196435 Foldman ond Grops, 2964},

The "ecooting layor" seen on the surface of some perticles, most fvogqueatly
¥ypa 1, hes not boon commented on in roports of the morphology of the murine
leukoenogenis virnses az seen in tlissue soobiens. Howover, an exeminabion
of some of tho published elovtwon micrographs wevesls that in some inglancasn
euch o layer appears to be present (Dalton eb ale, 19613 Dalion gf ale, 19643

Kojime and Pollaxd, 1967): it can also be seen an tho surface of some
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levkoemls viruses grown in Siasue culture (Zedigel of ple., 19663 Hall ob gl.,
1967). Horphologically identical structures axe sson on the surface of
some murine seroons virws perticles {(Dalton, 1966) and o elniler spoosvance
noted on the mpuefoco of hovpos-like viesses in Buxkdtt celle iw bdiseue
cultures ves described by Toshime gf al. (1967) as "rzoguloy material
pitoched to the vizue" and it was suggesbed that thils cosglated of "materiols
camriod by the vifus when enerpging Lrown the oytoplesm®. In nogatively
gtodned prepavations of Rauschey mouse levkeemis vivng somo pavbdicles a»o
donoribed os having “poripheral knobs" oe “spines” on the suzface (Zeigel
and Reuschev, 1904)s Vory olearly dofined knob-like structuves havo beon
demongtrated on the ouwler surface of avian viruses {Bonar et 8l.s 1963),

The sppesrguca of the "ooating layee” on thoe surfacs of the mouss
viruges is aimilar to that on the cst peariicles sad the digorete studw-like
structures ave olearly seen on pone murine particles. It might be thought
that this surface layer weprosents an srbefact introeduced duzing the
Tizxation, dohydrotion aund exbeddivng processes aund that the parbicles adeoxb
on to bhely coter surfoce mabterial fyom the veonole or cxtbtracellvlar gpados.
A close exomination of the ¢ell or vacuole mambzones ia ¢lose proximity
t0 e pariicle with a "coatlng layon® chows that the plasma membranc does
not have this appesvonce and that bhe é%;ud--l:lke atructures sre vestrioted to
the pariicle ow 40 the membrene bodding the partleless IX the plasma membnone
and partiole suriaces were ldonbical the prepawvative processss would produce
ginilor artefachts on boths thal this ip not =m0 Iuplies elther that the
sorface “ooatlag leyer? is an integral component of the partiole struoitune
or that the parilcle ouber menbrone differs iv some way from the plasms nembrong

cauning prefersntiol adsorpblon, in a feilrly weguler manner, on 4o the



ravtiole surface, ‘The possibility that ploeme membrancs pongess inherent
chemdoal differences along speciflc vegions bag beon commented on by
Zaigel and Reunchoz (1964).

The funetion of the vovious gtructoned clementa of the levkacuie
virasoes gre pot kuoun but the "cosltiag layen?, 1T a true couponent of the
perticle, might be a sipnificont factor in the inltial vivnsecell intens.
agbion which tokes place whon a virus Infects o cells in paviicuvlap, 1%
might indicate the Loeation of o apecific vivus anbigon. 1€, on the other
hand, the "ooatiag layer" is adsorbed by the particle, thie nmight veilect
a speelfic menbrone affindty ivvolved in the initisl virugecell interaotion.
How the loaelised bndding avea of membrane in conbimulty with the cell ox
yoouolo nembrong con develop the “eoating layer! cannot bie debernined Cxom
this studys nor has 1t heon esisbliched uhy ouly o eoxtain propoviion of
the particles digplay this Lesburo.

The wecognltlion of paviticle budding in the feline tissves establishos
thet thore is active production of partlclos by the eells; the budding
progess in the cat hog been shown to follow the sowme steps ng in the mongo
(Dation ok ale, 1961}, This study has nob vevealed the presence of specific
morphologicolly eharpoterisable coll surfnce gites of pavticle produciion
and hag not been able to show how the inner and intermediste membranes are
Toymed.«

In spome muxine studdes, In addition o the Linding of Type 1 and Type 2
particles in vacuoles ond extrvacellular spaces, 'A' type pavticles have hoon
demonatrated ot intracytoplasmic sites (Dalton et al., 1961; Kobayashi et gl.,

1967)e In w0 ease in this sevies wewre intracyioplesmic pariticles DO
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Qi) apsoulatlon

Yhe pavtieleg in the feline tisswes were found, ag in the murine
leukaeming, assotliated with lymphoid cells and with megpkaryocytes. Ho
parbionlar gludy woes nade of the cellps pavitioles were found extracelluvlerly
end in introcytoploenic vacuoles. In muvine studiesm, Dalton of al. (1961)
reported finding particles in wegakaryoeyte spoclfic pgrapuless paviicles
vere not geen at this site in ihe cat tipsuas.

The role of the diffevent ¢ell types in the é@velapmant of lympho~
sareome is not known but in this study it woe obsorved that mdding poiticles
were move conmonly nesoclieied with lywmphoid cells than with megekaryosyhes and
that, whercan wdding fyrom the former cells was from the cell surfaces, in the
negakoryooytes the budding was inte vecuoles, Thie bas 2lsp beon obsenved
with the muwrine vivuses and Dalton hags suggested that the megakevyosyton
Tatowe" the vivmg velessed ilato vocwoles and intraoyioplaswle channels, and
that only wheﬁ delagination of platelets from the megokaryooytes takes place
aro the vivuses veleased. Tho assoclation of porbicles vith megalaryooytes
la of pewbienlar imporiancs in exawmining sectionsy these very lsrpe cellg
arve immediatoly vecognised and paviicles sre veesdily identified iu the
vacuoles and chonnels. Individuel free porticles orv budding pavticles
asgociated with lymphold cells are much moxe &lfficult to locabe in iimsue
gaotlong. Thug, gecbions In vhich negakeryoeyben are found ave more onplly
glasaified ag pavticle-posltive or perticle-negative than those in which
these oella ave not present, In the cases studied in this sewies, vheress

megoakoryooyios were freguently found in tissue meotions fvom GL3, CL4, (IH
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and CL6, no megnkeryooyios vere cbhoorved In the spleen of CLL and only 2

few seen in any of the tissues from G2, CL7, waxnd QLB I1n those coses, emall
mwambers of particles ssgsociated wilth lymphold celle might have been overleocked
and the tissues weongly claseified us powitisle-negative.

A comparison between the histologioal findings end the clectvoen micross
copla vesults showa that there lz no corvelation beiween the dominmmt cell
typo (lmmature ox mized) eud the idemtification of mwall or laovge mmbers
of parbicles in o given casze {mew Table 1). It should be nobed, hovever,
that in coses 044, GL5 ond (16, in which the dominant cell iype was inmeture,
porticles were apparently more abunrdent than in the other Cases.

The incluasion of bLlood platelot examinntiones for cases presented aftew
CL6 wosulted from the preliminsry obsevvotions which vere availeble from the
tronenlasion experdments described in Scotion 2. fhe full resulis of these
experinents arve given in Section 2 but the observetblon relovant to this
snection was that pevtleles could be idenvified in the plateleots of recently
fnocvlated kittens. Thins obgervation was made in mouse levkaemia studloes
by de Harven and Friond (1966)5 Dalton gt al. (1961) showed thal particles
could be Found In platelets from mice with fully developed Lleukaewmis and
that 20% of the platelets from rets with induced lovkaomla had spsociated
patbicles. No flguves ave dwailable for gpontauneous or induced nurine
tonkaemiac.

Pilatelats from 2 wate wiﬁh lymphosoroomns (GL7 sod CL8) weve exemineds
in sach cape only o gingle vime-like particle waes observed. Examinstions
of the tissues fron Those eabtg showed a2 single group of characheristlic parsicles

in OLT and o single isolated partiele in L8  The significoncoe of thase
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observatlons cannot be assessed although 1t can bhe concluded that plateleis
from cabe with lymphoasanooma do not nesessarlly contaln large mmbers of
partleles. Studies of platelets from oate with lavge numbers of powrticles
in bhele tissups should help Yo establish whether or net the fellne systenm
rapembles the murine one with respect 4o platelet paclticle assoclistlon.

ale {1967) showed vizus in plasma from e leuksemic cot, tul thoy

i

Ravokami gl
did not study the plotelets ov blueneg.¥

T it were forad that all cases in vhich pavileley wore demonsbrated
in the tigguos alse bad perdicles assocleted with platelein o Wlood plateled
examination would provide a simple test o determine, without killing an
andnel, wvhether it was perbicle~posltive cx nets  Buch a test would he of
value in the selectlon of cases for further studies. CGbviously, before
naing this teeld as o diagnosbic movkter in suspecied cases of lymphosareoms,
it would bhe necessary to study not only platelets from animals with Lympho=
sareoma, bult alse platelets from rorpdomly gdelecbted norvmal sninale some of
which would be killed to confimm thet ithey had wo hietopaihologilesl evidence
of lymphosarooma and obhers kopt <o dissover whether or not this would
develop the diseasp, Such an investigation wos beyond the acope of the

pregent study.

Snatomicel glasslfication snd oresn involvenment

An exominetlon of Wable 1 shouws thet in this swall series no coveelotlon
oun be ogtablished bebwveen the findings of lavge nmumbers of particles in o
oage and the anatomieal olamglflestlon of the comes Becavse the sawno
tilspuos wora not exomined from each aniwmal, vo divech comparicons cen by nade

bebweon caspes, bub 1t bas been ghowm thaty whoveas the histologionl examinsbions

#* mee nobe ah end of this scotion



of QL5 chowed that the splecn was not merxkedly involved and the electron

nlcrogoople examinaiions wevealed partleles, the spleens of (L1, G182 and

6 ghoved mevere gplendo lanvolvement and ia thoem no pevticles weme found.
Frem the dala presented in Table 2 it can bo seen that neliher the

Type 1 pavhicle nor the Wype 2 particle seems to be prefeveniially sasosiated

with any ppseific orgon, nor doop one of the types predominmate in any

individual caso, Un%il more s known of the ralationship betueen the 2 typos

of pawtlale, no further conclusions ean be drawn from thess prelimivexy

observations,

A ST T 5 56

Classificotion of ecancs og "parbiclo-pogitive"

In thiz discusglon the nse of the tewm “pavticle-positive® is rolabivoes
although the absence of partioles cannot be demongtrated, tissues vwhioh
could not be clensified with cortainty og "partiele-positive® (A) are
deseribed an B or O (seo Toble 1).

In the foregolng disgusslon 1% has Beon shoun that there appeors to be
no coxrelatlion betucen any of the factors of enntomical claspificatbion,
organ juvolvement orx cell type olassifleaticn and the classificetions A, D
o G The bagis for and tho vreliebilliy of thin clessiflcation must be
conaidered,

A came was clogsified as porvicle~pondtive Lf in fisswes from it budding
particles and gvoups of chavacierdgiic pawtiecles wevs weadily founds The
nethed of cxamining coges hag heen desevibed Ian the geebion dealing with
materlals and methodss In deciding which tipswes should be teken from each

aase congilderation wes given to the mirine findingsy samples wore btalken frowm

63



64

grosaly enlarged lymph nodes and from one or more of the following, boune
marrod, thynus and spleen, whelher oxr not gross chenges In these bissues
vore svident, The requiremont of vevy smell tigoue blocks and wltwe thin
sestions for wlectron microscopy iantroduce the poasibilily of serious sampling
exrors and the subseguent nisinterpretation of observatlons made on none
repregentative seotionn; Loy thls reason severnl blocks were takon Lrom
gach tigsue and numerous sectlona fron esch hlook were studied. The womber
off "arid sguares' surveyed in cach exsmination wap deternined by 2 factorss
the preliminaxy Investlpetions with the mouss leuvkecmia fissue had shoun
thet meny particles were found in each prdd sguore of tissue scobion and the
study of tho induced follne lymphosacoome bilssues had shown thet partiolos
wors found dn most grid squares of tissue seotion. Thun, the exanination
of 100 = 200 grid sguares peﬁ&case made 1% theorvetlenlly possible to deteot

particlos preseat at appeoximately i%ﬂ - 230 of the qoncéentration of the

particles in the mouge ov induced cat tlsmue.

Coti O3 vas the fivet coso oxemined apnd in it perticles were found in
many sectlony. There wag no way of determining vhether oxr »ob this case
vas typioal, but on the basis of the finddugs, bthe urbitrazy cviterion of
clasplfylug casea on the exomdpation off 100 - 200 sectlons was adopieds
In casens GLdy OL3, €L4,.0L5 and CLG, fewer than 10 grid squerecs had o be
exomined to demonstrate perticles in the particle positive tissuesy in 0L4,
for example, particles weée found in aimost overy section of evewy blocks
in CLL, om the othex hand, while parileles wers found in almost overy secitlon
of hone marwvow and of the iliac lymph node, no partielﬁﬂ were found in the

pspleen sections. TFrom the date avellable, sheve io no wvey of wsoscseing



vhether failure to find pariticles was due to tissuo seleotion and the
exemination sechniques used o reflegted lvhevent diffovoncos of particle
numbers fron organ 0 ovgew and from ocase o cases The folluve to find
sonvincing ovidence of partielos in any of the blssues from 3 of the oases
way be due te the techuigues employeds An oliernaitive mothod of exomining
coses might be to siudy for epoh tilspue av nany soctions ay wove necossary

to inolude a predetermined mwber of negekexyocybe profiless +Hhis wonld
eusure move sitrictly comparsble examiluvations baging the classification on
the asseclatlon of pawticles with the eell typo mogt frequently found to cone
tain pexticlen, However, based on the jechniques used in the premsent siudy,
5/8 of the cages appear to Qiffer significantly from the other 3 in their
heving pavticles easily found and widely distribuied throughout the tisoue
blocks and the owasng of the animols wheveas the others could not bo cone
clugively ¢lessified os parblole~positive. As noted in the introduction,
porbicles vere nob easily demonstvated in sponipasous murive leukacniss o

it io partiovlaviy interesting to bave found large numbors of pamticles in

90 mony ¢zece Ir a spesiles with o svonioncous leukaemle insidence wnch lover
than thet of the mouse ebrains stodied ( 42/100,000 svcording to ono ombimato
Born of 8dey 1967 « coupared with 807).

Xn this investigation, no quantitative etudles vers made of partlcle
posibive canes. Vavious investigatlong have veed Aiffervent methods of
egbinating pavticle {requencieny eoither parblcles pov geid squawe or paxilcle
cell rotios hove heen used ea comparison sbendewls (Hegucnou ef nl., 194983

Foldmwen and Gross, 1966; Chapmen et al,, 1966a; Hnpueneu and Honafusa, 1968),.
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While thege methods sve veluable in systons iv vhich lavge mmbers of paxiloles
ara pregent, thoy arve of 1ittle uvge in a oivdy such as the presont ono,
Withous maling particle counbs, but boged on the relative esse with vhich
porticles wvore found v goctions, it oppeaved thet the onmes €03, L4 ond
CLS had Increasing numbers of ypaptlcles associloted with theng this obzonw
vation mey be of lmpordence in the interprotation of the wzesulis of the
expevinents dosoribed in Soction 2.

In this study, no partieles were found in bispnes from 1) normal 6o
Ho bhone mawrow pamples wore available, hul caveful oxamination of lyuphold
colls and megakaryooyies in sploen sand nessnteric lymph node sectlons shoved
no vivug~like struoinres. Small thymuses were peeaent in 6710 of the caisg
in the other animalg the wegeeanion of the glend was complete. No paviicles
were scen in the thymages.

Tt night have been oxpocted thoalt pavticles would be obuerved in normol
feline tissues 4 in fact the particles nyo vertleplly trenemitied levlommow
genle vimgsed. Particles have been deponwbveted inipp-leunlpenic mice of
high snd lov Incidence strainsg vivvses hove been found in embryonic tissuen
(Pelanan st ls, 19675 Corpes, 1967) am well as in adelis (Scemon and
Dmochovslki, 1965; Chepnon et al., 1966by Toldman and Gwross, 19673 Kejina
ond Pollard, 1967, 19685 Swartzendrvber ot nl., 19673 de Havven, 1963, 1964).
One study of nevhorn and young AR nlee, 6 ~ 8 wogks old, failed to show
pariticles in the gplsen and thymus (Dirksen ond Coillemu, 1967). Porlloles
have alwo beon shown in chemleelly induesd and vadlotion induced lowkaomlos
(Gxoap, 19458) Lieherman and Haplan, 19593 NewewnGheva, 1967 a,b), and
in WXB/DL mice which develop antoimmune disense (Yﬁmato and Bmochownkd,

1967y Prosper, 190B). Thusg, thove 1s gmood oleobron micrvomcopic evidence
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for the vertical transnigpion of the murine levksoomls virumos, alihough

the numbor of particles seen in individual examinatlons im olfton swall,

(This subject wap recently wovicwed by Koplan (1,96?5}'% ﬁ
The faillure to demonstrote particles in tho noz;ml gate does nod

preciude the possibility bthat small numbers of poriieles wero widely dige

teibuted or focally situsted in the tlosues oxemined or vere present in

oxgans not studled., A wore dotailed Investigatlon of nowmal feline tlgones

might reveald further similavities bolween the wmwrine snd foline leukaomiasn

and in partionler a study of feline embryonic tissues mighht provide veluable

information fow the wdorstonding of the aatural history of the dlsease

in the cate

SUMMARY

This investigation showed in spontoneouns feline lymphosarvcoms ticsue
poxticlos vhich vore morpholegically identical to the periicles previonsly
demongizated by Jorrett ob gl. (3964b) in the induced felive iymphomarcomns
the majority of ceses exemined had weadily ddontified groups of pariticles
and paritleles buwdding from cellu. The pawiicles in tho cat tlomes eve

stracturally ldenticel to the mrine lewkoemis vituses.

lote
Bince this study was compleled another cage of spontoncous lymphoparcona,
Ci9y hes been investigateds Ab post~mortem o large bthymic mase wes found

and the case war olagsliied as o thymle lymphossrcomn afber histological

confivmation. Yhe main cell type was the lyuphoblast.
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4 blood mauple for o plateleol exenivation and wpoeimens of spleon, kone
marrow, thymve and a svperficial node, were obbtalnod from this aniwsl.

An oxamiunation of the platelet pellots ghowed numervous parbdicles, soms
in vocwolen and mwemy betweon the platelots (Pig. 51);ia vecuolea, only
gingle pavticlen wome seon, Most of the pariicles hed elegirvondense
micleolds. Ho budddng pavbicles wore observad,

T bthe spleen, 0o wegokervyooytes were found and wo lymphold celis were
seen with tnéding pavrticles. Howevor, mony parileles wece noted in inbtewe
pellniar spogen. No Typo 1 perticlos were seons  Hogt pariicles shovoed the
typical elechron-donse muclecld although some eppeared to haove lont some of
the eleciron«dense cove maherial.

In the hone marrow meny poytloles vere feundy wome paviiclen were goon
bndding from Iymphold cells and freo paoviicles of both WWypes 1 and 2 were
found in intevoeliunlay spaées ond cell vosuoles (Fig, 52), Vo megakazyocybes
weve scon in the ssotlons czamined.

n the shyrus, many Lypo ) poribiocles were found exivacelluloxly and iu
vacuoles in lyuphold colls and oplihelisl cells (Fige 53)»

Portlelos budding from lynphoid ¢ells snd free in infercellulsr spaces
were obsorved in scotions of the iymph node (Fig, 54).

Thusy in this case, meny peardloles vere fomud in the Lilissues apd in the
blood platelets and a blood plateled examinpbion could have beew uvped %o

determine the Yparilole stutua? of the animal,



Begbtion 2

A\ A P ST oY

pananiension studies with loukaenmic bilssue

oxtracts from 4 capes of sponbanecoun feline lymphosarocoms
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LTUFRODTCTION

the transmisglbility of feline Ilymphosparoone wes established by Jaxwebd

et al. (1964n), Duping the course of the present lavestigebions Rickoxd

(1967) weportod the dovelopment of loukaomis la kitbons inocvlated with &
Tiltwate of o loukaemin tissue exiract derived From a cat with spontansons
loukaenio and Kewekemi et ele (1967) transmittod the discaso using a whole
oell or cellsfroe luooulum prepaved from a ficld oage.

In the experiments of Joreebt gt pl., 574 kitbens died at 9, 12 and 18
mowbhe with palpable lymph nodes and histepsthologieal evidence of thoe discose;
the fourkth cat developed typleal melilcentric lymphosprooms at 15 wontbs oud
o geoord pappage with an inoculum derdved from the levksemia bisswes of this
animpl produced ewtensive lynphosercoms of the marvow cavitiecs in 2 animals
2 montha aiter lacculatlon. A second cupevrinent with an inoculum derived
from & diffewent field cese wosulted in the development of lyuphosavcoma in
2/7 animals after 2% end 43 months (Jarvett, 1966a).

From these xesulis it i evildent that the disease ¢zn be induced in
kittong genobleally unreloted o the oab with lymphossrcoms fyom vwhich the
inoculuon ig derived end thot theve is g long latent period botween the tive

of inooulatvion and tho development of tThe dinenoa.

The note of setion of the leukaemogenic vizuses is unknowa. da Hexven
and Friend (1966) in a study of mice inocecvlated with Iriend virus, failed
to identily the target cells and the primery sile of virue veplioation.
However, they chowed thet virus xoplicatilon took place as eaxly as 4 days

after inooulation and that budding wilmig could bo seon in sploen, tThymusg,
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bono moxvow and blood platelets. Silvestro ot gl. (1966) shoved that

viruses eould bo idenbified In tissves from Rauscher virvus infested mice Lfrom

4 = 12 days post Lfection to the end of their study at 10 « 35 daysy  in studles
with another gtrain oFf mioo, visuses were seea from 5 - 1l days through to 29
dayse They further showed that a oneshmndred-Lold and o one-thoupand-

£01d4 dllution of the inoowium produced similar offects and increased the

poricd of falluve to find vixue in the spleen by only 2 doys. The infectivliiy
of virus produced in the early post Infectlon slages hag besn demongtrated
(Rennchor and Allewn, 19643 Dalbton end Iffcali.ozzeys 19623 de Tlawven, 196%;

Chenedlle gt glay 1964).

In the muzdne studiesn the demonstration of plagma and pletelet vizus
involved the pooling of blood samples {wom several incoulsted animals whiech
verg killed at the btime of hlcoed saupling. While lavge volumes of hlood
ere required Ton plasmy vivws preparations of sufficlent concentyation foe
eloctron microscopivc identification of virvs paxrtioles, o molabively spall
volume of hlood, 2 = 5 ml,can bo ueed %o obtein & platelet propezation. This
volume of blood oan be withdrswn by cewdinc punctuve fvom a kitien and the animal
kept elives thng, in studiecs with kittons it 1o possible to meke a serles
of blood plotelet pelletn from individual inoculeted anlwals and o oxaming
aemplern from each animol soveral times during the latent pericd.

Teuksomio tissues from the fleld cnses examined in Seoctlon 1 wewe
abored ot -6500 and were avaellable as source moberdal for the preparation
of lncouls for tronemiseion studien. Tollowing the finding of leukesmia

virus particles in tisswos from some of the eoits, 5 cases ln which many pariicles
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were found (0L3, 04 and (L5) and 1 caso in vhich only a single particle wvas
obaerved (012) were chosen for funther investigation as souvces of inoculea
Por the trensmission cxperiunents deosoribed in this section.

The alis of the luvestlgabtion deporibed in this pecilon vere -

1)  to determine whother paviicles wore associnted with platelets Srom
kittena at short Himes afbter inocculation and if so to moke sequential

ptndles of platelst samples from individes) aniwels.

2)  to oxemine ¥iseues fyom pro-leukacmic inoculnted kittens and to compare
the tissue findings with the resulis of the platelet exominations mede

on the wsame aninnl.

3} to compave the cawly vesponse of kititens to several incvula denived

fron Aiffarent £ield ¢ascn.

4)  to compare the rosulis of the particle oxaminotions with the hisbow

pathological findings,

5)  do ossess the lovkaemegenic antivity of the imoouls as evidenced by

the dsvelopment of lymphosarcoms i infocted kibiong.

MARRRTALS AND MEVHODS

Lo Inocouls Uncd in Tronemdssion Nxpordmends

(1) Inoeule prepazed fyom loukeemic tismues from £ield comes of lymphosereoms

Dxtracts were prepaved from the sbored leukaemic lymph nodos f@om

015, OL4 and G073 and from the spleoen and lymph nodes from L2, The
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following coll-free suspeusicns {CFS)wers prodused.

(a) GLS/0FS  The stored loukaenic Lymph notle from (LS vos thowod
end o, 0% exbract of the tiseue mode by adding 10 gmam. of aodo

ko trisebuffayved suline and homogenisivg ol full epsed in o
Sylverson Geindeor (Syilvezracm Machives Ltde, 55«87 Towor Hrldge
Road, Londen, S.H.1) for 2 minvbes dt !].OC «  Phe reauliing suse
penaion wag spun a% 1,000 x g Lo 1% nimmtos and cvecesplve supers
natonts were spun at 1,000 ¥ g fox 15 minvies and 10,000 w g Lox
10 mimatos. The finel supexmatant was ptored ok «650(‘} in %.% mi

aliguots end o 50 wl aliguot.

(») ¢nafors A 0% extrect of 20 gmo. of stored leukaenic lymph
node From QL4 was prepared in the same way as described for CLE/OTS.
The L4 cugpension wag gpuwn at 1,000 s 2 for 5 ainvben and

spacessive mupevnatants vore spun ot 1,000 x g for 15 mimetes (twice)
and 10,000 x g for 10 mivutes. The £inal superngtant was stored

av -.-6500 in 4 ml ard 15 ml plignois.

(o) oL3furs A 10% oxtroot of 45 gnas of sbowed leukpemic lymph
node from ULY was prepared in the pawme way ag desceribed fov
OL5/0FS.  The (L3 suspension vag spwn ot 1,000 » g for 20 ninntes
and suecessive supernetonts were spun at 1,000 x g for 20 minunten
and 10,000 = g for 1D minutes. Whe £final sepernaiont was stoved

al ~65°{3 in 4 wl aliguote and 30 ml alignobo.



(a) gre/ors A 204 extwast of 10 gane of stored levkeemic
Tymph node and spleon from CL2 was properod in the saue way #95
desoribed for JLS/C08. Tho CL2 suspension wos span ab 1,000 x g
for 10 nmiautes ond succeenive supernatanin wvore gpan oi 1,000 2 g
for 10 minubes and 10,000 x g foxr 10 minutes. The finupl oupere

natant vos stoved at -65°¢ in 2 mi aliguote.

(14) Inopulum yprepered from Lympk podes from a norusl ook

e (hymph node extract) A 104 extrach of 5 gnee of fvesh Jymph
node from o hoelthy ont wos prepaved in the same way ap desoribed for
CL5/0TS,  The suspension was spua ah 1,000 x g for 10 mimwlos and
succassive muperxnatants at 1,000 x g for 10 mivutes and 10,000 = g
for 10 minunies. The final sopornatent vas stored atb -6506 in 2 nl
aliquots,

A megonterio lymph node ssnple end o vlood platelet pollet from

whis onimel worce prepared foy electron microseopys

Dload sampnline for platelet oxeminations

Andmalas were sneesthetisad and blood zomoved by capdiac pumeinre.

Approximatoly 5 nl of blecd from each animpl wewe taken Into a enoll volume

of (0,3 M potassivn oitrate, pH Tu0.  Individus) ond pooled blood somplos

vere propzred fov elegitron miGroscopy.
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Bxporlient 1.
NPT AR T i *

Lt YR LIRS

The exanination fox the presence of leukpendo vivus perbicles of blood
pladelets and tlosues fvom kittens incculeted with a leukoemic tiseuc

extrant (CLS/CRS) from the spontancoun feline lymphosmzooma (LS.

Mnporlals ool Methods

(1) inoeuwlation of lithens
Thivbesn kitions from 4 littows were ooch inoculated intropevitoneally
within 15 hovrs of birth with 1.0 ml of the inoculum (L5/CFS. The animals

vevo numbered (L5731 « CL%/1%.

(11) Blood sampline for platelet examninations

Twonlywelght days aftber Inoculatlon, O of the kittens fyom 2 litleors
were bled and the individual blood samples were pooled fo produce a single
platelat pellet., Platelet pellets were also prepaved Lrom dndlvidual blood
samplos from kibbtens taken 42, 56 and 70 days after inoculotbion and at

various $imes after TO days from surviving aniwvals.

(111) Hiasuo Saupling
Somples of bhong morrow, zpleon and thymus were taken from L o1 2 vandomly
c¢hosen lrltbens killed 28, 56 aud 70 days after lncculation end from tho re-

naining animals when they wore killed at labeor times in sxbremis.

Rosulig
One kltten died lese than o week afier inoculstiony no exeminabions

wore made of blood platelets or tlgsuven from thiy animal,
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1.  Glinieal and higtologlasl findings

Hone of ihe animals killed botween 20 ond 10 doys showed any clinicel
signs of lymphosoveomas The exemipation of flvsues from the snimols GE5/1,
Ch5/3«6 shoved histologloal abnoxmalitlios of +he bone maxrow ond spleen
(Fige 55)3 lexae numbers of focally arranged blast cells wove o festure of
the bone mareow and in both the spleon and markow thove vas a mogakasyocytbe
hyperplasios. No histologicel exomlnation wes made of tissucs from 0LH/2.

Cne kitton, CL5/7 had enlerged nodes wund wns in poor bolily condibion
8% doya after Inooulation, and it wag then killed; the groor leslons were
ginilar to thome found in cosen of the alimentory foem of spontoneons £eline
iymphogereomzs Histologival exemination gonflomed the diagaosis of lymphow
garconafbone merrow involvenent wan ooveore and showed marked hyperplasis
wlth metore and immsture megelberyooybos 1-}£dely dlatributeds Yo the spleen
seclhions examined, no megekaryooyles vere obasenveld; ithe Malpighian eorpmecles
vere onlarged and. composad of blest cells vhich worve invading the wed pulp
(I‘.li{'}'ﬂ't b6, 570

Kitten 0L5/8 had enlorged mepowficiml lymph nodes firet poluahle aboutd
70 days after inoculabtiony the ondmol wos Yound deod on doy 86,  The materiol
ovellable for histologlopl examination showed sevewe postemortem changes;
howover, the bhone mayrow was found to be vory hyporplostic,

The kitbens CD5/9 « C15/12 wore killed at diffevent times jin exiromis,
smaeiated and in generally poor conditlong 8ll of the hittons showed glighi
t0 severe node enlevgoment. Hisbtologiosl exsminetlon showed the bhone marzow

$o he hyperplestio (Pig. 58)3 the mpleens vewe simllar 0 the syleen of
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C15/7 and in the lymph rodes the cortical follicles were condensed and

sunpounded by lyaphoblagts with o high mltotic wrete. The dominewmt cell,

seothered throughout the tilsmuer and alpo formlng distinet clwaobers, wag an

jmetore cell indistlaguishable fyom o lymphoblasts Theoso changes were

pimilas to changes meon in spontoncous case tissues and were conaldered o

indicate on cavly sglage of malignonoy.

e

Llegtron migroscope findines

(1) Blopd platolet exeminations

iable 4 summevises the vesalts of the ezanination of peellone of

pellets of blood platelets produced from individval or pooled bleod

samples beken alt varions times from 28 deys to 1 year after the inoculation

of the kittenss Typloal leukaenia vizus pachicles wers found in all of
the opeocineons.

It was found in this experivent; as in the succceding onea, thatb
the methods vaed %o prodvee platelet pellete gave consistently good
prepamatibna For electron mileroscopivc exominationy +the pollets conaiatad
alnost excluslvely of platelets; o few xed blood colls wore Lfound in
a very few of the sectlons exzmined. In mogé pelledn the'piatelets
vere e¢loarly seperated fiom one enother, msking it possible to evomine
platelet surfpoce medbranes with onge end thoroughuesn (Fige 59); in
the faw peliobs which hadl closely packed plutelets such exeminations
wvexe much move difficult Ho caxmy oul and much moxe careful obsorvabion
vas required to discewn ecavly otagoes of payiticole budding foom the

axternal platelet mombranc.
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Zoble 4

The apsoclation of loukaemis virus pavrtleles

with blood platelets from kibtons inocuwlated as nevhomns with CJZ.E/’GFE;

A Time from Incculatien to bilood esampling ¥
. Litbar _ _
Katten Vombom - - ' . o Latexr
' 28 dayw A2 days 56 days 70 deyn ’F"'“I’mea

CLS/3. 2 o

¢is/2 () )

CL5/% 1 ¥4 +

CLS/4 3 +

an5/5 2 # + +

CL5/6 A, i + 4

CL5/7 2 # b + +

CLs/8 2 £ b +

CL5/9 2 ¢ 4 4 + (39 dayn)

4L5/10 4 o+ -

Gi5/14 2 & + + + (22 veoks)

cL5/12 4 ¥ . s + (27 weeln)
9 months)
1 yeaw)

8

+  levkeenin viius particlou obsorved

no partlicleos Dound

Pooled blocd somple from theso kibiens ponliive fov leukaenis virvus
particled.

Vo platelot pellet obtainsd fyom this animel bled and killed ab
28 dﬁa}'ﬁp
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Pigurve 00 shovs in grester detail the bypleel apposvanco of the
platelets secon in the blood semples from kittens in this expeorimenty
there was conolderable morphological varistion beolween platelets in ony
one sample end hotweon platelets fron different seaples bub the geanoral
foatbures observed iu the kitben platelets vore noted 4o bo similar to
those described for the platelets of othow spacles (I}a?ikton at ple, 19613
Ioguonom g aley 39653 DavideForrveivs, 19643 French, 1967).

The powtiolezs found asscelnted with the platelots were movphologlenlliy
identionl with the murive levlnende viruses, with the pewitlales Lfound
by Jaxwebt gb ale ( 1964b) in an induged cuse of feline lymphosaxooms
and with the particles found in the gpontonecous feline lymphosazoeomns
dogeribed in Section L and in those woporied by the other investlaabons
ptndyiog single casen of wpoatancons oot leukeomis (Rickervd &b Ble,y 1067s
de Hewven, 1067). The pariiclos were fouwnd tudding fyom the surface
of plotelobty zmc‘i iuto platelet vasuoles (Figo, 61 - 64)goompletely formed
rartioles vere scen idn vacwnolas ond in the apacen between platelaet
profiles (Mgo. 65, 66).  The fully-formed particlos were approximatoly
100 mp in diemcter; both Type 1 and Type 2 pawtielos worve obsezved in
vacueleag and free betveen platelets. In some inglonces the oubew
rarticle membrane shoved the "coabting loyer! proviowsly noted on the
surfoace of some of the perticles in wponiaveous cases (Fig. 66).

Vavious otages of pevticle development, elther at tho nlatelet
purface or ot o vacuole swwface could be distingulshed (Figm. 67 « 70);

the carly sbtoges vere chaxactorised by o slight thlokening and "bulglagh
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outwards of vhe plateled onber membraney the partislly formed innew
olegtyon~tense membrane wasg seen lying behind and close o the mlglong
outer mewbrene. At o later giage the “protmuslons® wvore more proncunced
and formed homispherical projectvions into the vacuole or inder-vnlatelet
apasae with the partially forned Intermediote mombrane visible botwoen

the oubor and inner more eclectron-dence membranes. In nany secbioas
could be seen further gtoges of panbicle development, vangiue from

"ouda" lun which the 2 intornel membranes were more fully fermsd to fully
foxmed particlem abbached by p thread of membrane to the platelet surfoce
ox vaguole surface, At all stages of tho development prooeus the cone
tianity bobuwoen the outer parilclc membrane and the membrane of the
platelet gould bo seen in Lgvourably orieninbed seetions.

The oxonination of the pooled sample taken at 28 deyws showed meny
partloless bedding parilcles wexe Lreguently soen and thore vexe many Typo
1 particies bubt only e fou of Typé 2. Yot many particler vewe found
in the spaces belween platelets but single parbleles in platelet vacuolea
vore Ifvequenvly observed.

At 42 doye large numbers of pertlcles were Ffound in all of the
Individuel semplos exsmined (Fige TL).  Some buddivg partieles wers
geeng  there wore fever thon in the previous sample and most freguently
the s were forming within vacuoles. Complete particles, predominontly
Typa 2,.wnre fomnd, in inter-platelet apeces end in vacuoless some
vacnolog conteined more thon one pexticle,

At 56 ond TO deys and ot Jater times, fower particles weve found
thon b 20 and 42 deys. Vory ovcasloneliy o budding pasrticle wes ob-

sexveds; Type 2 pariticles predominated ond the inbraw~vnouoler site was



more commoniy involved than the inter~plaitelet sifbe.
The percentage of pletelels with wvhich parilclos were asgsociated
wes eobinabed o vary from epprowimately 5% to 10% fer the 28 and 42

day vanplos and from 1% to 5% for samples duken at lotor timos,

(18) Tissuo exeminebions

Table 5 showa the wesults of the tissve exominationm. It can be
seen that levkacmle virus particles wore present, in one oy move of the
soleoted tlomuwes Lfrom each of the sninals, at all of the times of exame
ingtion botveen 28 days and 1 yeary these pawviticles, 1ike thome
agacoiated with platelets had the charvagkoristic murine leuktoenis viius
norphology,  Gonpletely Jozmed pawéiclos of hoth types were found
associated with megakexyooytes and lymphold cells, exivecellulorly and
in vaouoles, and budding particles vore soen ot bthe ploema menbrancs

and vaguolay surfeces of the same oell types.

(2) Splcon sxeminebions

Host of the pavbicles were found vo ho associated with megakaryow
P

eybesny ocoasionally, lymphold cells wore obsewved with a single
pavticle budding Lxom the suxface. It waes noted that no mego~
horyooytes had been seen in the sactions from vhope apleens which
wore recovded as partlcle~negatlve.

AL 211 of the times of examinaltlon the wegokaryocyles were
found bo have many fully-Fomred particles in vecuoles and iniore
cellular chennelsi many of the vacuoles contained 2 or 3 pawticles
and the chommels vere fyequontly diglended avnd in thom groups of

2 « 5 porbicles were peon (Figs. 72, 73)e  The majovity of the
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Pobla 5

The associetlion of loukeomin vivus particles
with tisevuos from kittenn inceulated as newborng with (L5/CHS

Yitken P AN Time from inoculation ceidaoue oxeulned %
Rumboy to killing (k) or death (d) Bone maryvow  SGpleen  Thymus
G15/1 a 28 days (k) + + %
CLE/Z 4 28 days (k) o + +
GLS/% 1 42 dayn (&) nha o 0o,
1574 % 56 doys (k) ) - -
CL5/5 2 70 days (l) + - -
¢15/6 1 70 doys (k) - + -
0L5/7 2 8% days (k) + - e
LLs/8 2 86 daye (@) &> nhn nte
eu5/9 2 89 daye (k) - + nte
G15/30 4 15 weeks (k) + - -
CL5/11 2 22 waoks (X) i + 4
OLS/12 4 52 weeks (k) + - ko
¥

+ Joukaomin viruy povdiclos observed
« no panrtioles found

nto -« no tlesue gvellablo.
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paviicles wewe of Type 1ls some of these particles phowed tho
exvernal “coating loyer® and Lrequontly bthe apperent sub-~aglruehure of
digerote "atudy" wan very disdinetly seen. Typo 2 pardiclos wvere
infeaquently observed {(Pig. T4)s it wos mobed that in wowy of
theas pavtiolen the olectronedence come vwas iloss condonsed thawn in
particles of that dype seen in the ltizewes from the apontancouvs
lymphomarcoman (Figs 75). Sevora) ummsual Foxmo of parbicle wore
obsorved (Fig. 76)3 aylindelenl forms with clenrly defined lnmew
and intormediate noembraxney wore noteds oyliadrical seotions were
seen Joining Wwo elliptical op civonlsr profiles (Fige 77)s  tuo
poxvtloles forming at vight angles o one suother wewve ocvcesionally
noted (Tig. 76). Porbicles were found budding inte the veovoles
ant chomels (Figs 79) end occasionnlly 2 ov 3 particles stlached
to one another wexe seen oppavently buddlng inbe sa indervcelluler
BPag.

The uds,y forming at the surface of lymphoid cells, vewe
agimilay o thope seon at elmilar cell surfaces in the gpontancous
lymphosayeons tisenes (Pige BO).

While gome of the'infrequenﬁly obsarvod exbracellular particles
vare of Type 2, othexy were of Type 1.

The number of parvicles prosont and the prcdominant type of
partiole obsewvel in each of 10 spleen specimens exemined sppeared Ho

be independent of the iime between jinoonlotion and wigsue oxamination.



84

(b) Rong mnrrow cxaminations

In two sesos; CL8/6 and GLS/9, no negokaryooyton wvere obpexrvod,
Wt in the bowe maryow samﬁi@s from sach of the other kibttens the
negekoryooytos were found to contain a few budding particlas and mexy
complotely formed pawticles. Joth foxmp of partvicle were geen la
the mogakaryocytosy Type 2 pawdicles wero ccmmonly fouvmd (Fige 81).
No atypioal pavticles wore noted in the bone marrow mogekeryocytes
ut in all othew respeafa the sssoclotion of portlcles with these
galle was the seme as in the spleon. The mogakeryooybed noen in
sections of hone mezrov Ffrom casesCL5/5and CLS/T bad wmanally lavgo
mmbors of partieles in vaouoles end in intercellulan channels (Fig. 84).

Pyplenl buds vore meen ot the burface of lympheid cells
(Mign. 82, 85); the partislly fommed inver ond intermedinte mome
branos could bs discerned ond the owber Taoabing loayex! was seen on
the surface of gomo poriicles. JFolly formed paviiolen wers found
free In the exbrocellular apaces neaxy the lympholid cell suweface
(®igs B3)s o peritioles were found asscoloted with lymphoid eells
in the cages COL5/6 and CI5/9 in whioch no megakaryocyles were seon.

Apord from the fallure to find partiolon in cases CLS/6 and
CL5/9 and the observation that cases (15/5 aud CLS/T had very lorgs
numboys of perdiclen no difforvences were noted hetween caspes with

reapect to pariicle numbers ox predominant parvticle type.
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(e) Thyovs cxominebions

In only 6 of the 12 animals wen the thywwe found to bo present

at poat-moxhomy parbicles wove found in 3/6 of these oasvs.

lyaphoid cellm (Pigm. 86, 87)s  The mojority of the eomplete
narblclon vare of Type 1 and freguently showod the extie “eoating

joyert (Figs. 68, 69).

(4) Hementerde lymph node oxeminstions

Typical partioles vere found In the omse CL5/63 +he parbieloa
were froe in the exivacellular gpsess gnd vere mainly of Type l.

o partlales were fownd in the onwse OLG/12.

Discusalon

In this experiment the loukaemogenic setivity of the Inoculuwa hag beon
suggasted by tho development of the full clinieal gyndrome In the kititen
G15/7 and by the histopathologicnl evidoncs of Lymphosarcoms in kitbens
(15/0-12.  Tho development of lymphossreomn in CGLS/T folloved o latend
pecdiod of 6% doye which wos shovter than that in the ovdginal paseage of
Jowxectt g ol. {(1964a) ond only alightly lenger than the time taken fow
the mernow loaigna to develop in theiw second pussage experiunont. In
Rowokonile oxporinoonty (Kammkami.gg_gg., 1967) leukaomia developed in § w 13
weeks in 4/5 kithears inooulated with o vwholo eell extwest from a cave of

opontaneons leounkaenis and in 5 - 8 wooks lu 3/4 Littens incowlated with a



call~fyoc oxivact from the ceme donor cat. The histopsthologicas) evidence
of lymphosarpcoma lu inoculated kitheny with no clinical gymptoms of the
disease was noted by Jarwety gf al. in thely studles and hay beon confrinmed
da this experiment. The signiflcance of mos~maligeaut cbuoxmalitles scen in
tlemues bakon 1 month to ¥ months after imooulatlon connot be asseuned; a
detalled pathogenegis study would be reguived Yo Investigate the significonce
of the changos obmenved.

In this expuelmnent parvidiclen were coboerved in 21l of the plabelet pres
parations exomined sud In one or more of the bissvey fvom each of the ine
ogulabed kittens, Porticles veve more mumowrous in the kittens in this seriesn
thon In the £ield case oabty and saobions of kitten ticsnen wore very eimilax
to mootlons of tiumes from nice with induced loukaewla {Daléon ob als, 1961).

The particles vere morphologionily ldentical with the psriicles in the
apontonecus eascepg both Type 1 and Type 2 pavbticles wore seen agsoecindod
with negokaryocytes and lymphold cells. The "coabling leyort wawn pavilounlarly
glearly demongtrabted in momy of tho par’diclea in meny of the klttens.

No comralablon was noted betweon the nwwmbers of particles or the typo
or bypos of particle present in ooy given kRittovn awd the lewgth of time
4% had boen iulevied; no Aifforences gould be detormined bebtuoon the psBOCw
lation of povticles with the bono marwow from (L5/L taken 28 deys after
tasculation pud 'iaom mozwrow Srom OD5/1%87 thken 52 weeks after incculation.
Budding poriielos wore observel in tissuen baken frem 20 deys thvough to
i years Ho peculipr feabtuves of particls appeswvance or distmibution conld

be discerncd Ia the tispuen from ULS/7 which had fully developed lymphosercoma.

86



Thus, poarticlos vers demoustioble In the tissnes duwing Tthe poat Incoulstion
perdod, from 28 deys onuexds, whethey ox not lymphesavcoms had doveloped.
A noted in the Inbroduoction to this necbion, eimilar obsewvations have
heon made in the shudien of muwine loukaemlos.

Ho blood memples weore token before 28 days sinco 1t was considewed Ine
advisable o pordomm eardise punctures befowe thot time if the aniusln
were ho be kept alive snd heslthy. A1l of the platelet prepereiions cons
talned parhicles.e AV 28 days a peol of blood semplos vas used to prepave
o pelloty 4hue, tho particle 'stabtus? of individual kitbens at that time
caxmot he spsensed, although from the nwmbers of pzrtioles obrexved 1% in
evidont that either nll of the kitlbens hud considerable mwmbors of plateled
associlated particley or that some of the kittens had very large nvnbers of
parvtlcien and othews had fewver or none., Thowe nppesred to be more buddilng
pawbticles at eorly cxenination wimes than af lator timemy this ohmevrvatbtion 1w
in apveonont with the findings of do Harxven and Felend (1966) whe weported
platelet dding from 4 doye in mice inooulated with Friend vives ond of
Dalion ab ol (1561) who nopavied platelel apnocloted paviicles in loukeemic
zota and mads no mention of budding which, however, he reported in tilssve
ewaninntiong.

Ao mentioned in the Goneral Introductiony Daltoa gi al. (1961) found
20% of leukaomic wat platelets Yo heve aspsosizted pewdiclosy do Havven and
Feiend (1966) dld not give om osbinabe of plateled involvement in prelowtecmic
ptatos in mise. Thers ave no ote fvom oxperiments with Moloaey or Frlend

marine vivzusen to indicate whether decresming poevcenteges of platelets ave

8%



Iavolved as the time from Inocculation o examination inoreases. The oxome
ination of kitten plateleis in this expeximent showed thet there were fewer
plotelets with pavticles at latey timess The failuve to find convinoing
evidense of platelel asaoclated particles iv the fiold cases QLT and CGLO
could be zelated %o this observalbion.

A& comparison between the findings from the platolot ezeminations and
thoge from the tlssue oxaminations shovw that vhile theve were fewer platelels
involved in successive plateleot examdnntions, thera 4ld not appesr to e
& elnilar reducetilon in the numbers of pawiloles found in tissuesy budding
pariloley wore found at all times fyom 20 days to 1 yeaw.

Pureified vivus preopovations from plaoms fvom leukaemic mice have heen
exouined by de Horven (1965). In Bxperdment 1, since only & small blood
ssaple was btokeon frem each kitten there was nsufllolent plaswe ovailable
Do vhilch to atbemph to prepave a coucentrated pariéiclo pellet for uegalive
atadning cxamlnatlon or for embedding end sectioning; thws, there is no
direct evideonce that a viraemia developed in the inoculsted kittens although
the demonatraltlon of free perticles belwaen platelets in the pellels enggeats
that this did ocounr. Receudly, Kovekami gl pl. (2967) demonsirated payiicles
in plaswn, teken from o loukeenic cnt.

in studies with surine loukaewmis viruvoes the sgsociatlon of pariicles
with megakoryooybes was £iwst noted by de larven and Friond (1958) and later
by Dalion of ale. (1961) and by Duochowslki (1963): the association with
vlateleln wos noted by Dalbon gb al. (1961)e The woles of megakaryocyies

and pletelets v the leukaswogenic procesn ave not knouns  In both the murine

88



89

and the present foline studies, it hag been shown that porticles veplicaio
in megekaxyocyton ond that levge numbers of pavticles can bo scen In megoe-
karyoeyte vacnoles sod shonnels. Whem platelets detach from the megaleryooytesn
the paridicles Jn the delamination channeln will be weleaped and mey either
infect htarget aolla near the megokaryoeyte or ender the free cimculotiag
vires pool. Pardlcles budded off from other cell types may olso enser bhis
pools The conhribublon of the platelets ig uot known, but de Hevwven (196%5)
suggento thot bthey also add to the plesma virvsemia. Pawitioles in megolkenyse
oyte vacuoles will become platelet pavticlos vhen the platelet detaches Srom
tho megakavyooytes vhether or not sueh pariicles swe vrelossed directly

into the plasne or remain within the plateled 4$ill the platelel dies, s nod
knowng  in eitheor case the platelet acts as a "bransporter' of pariicles
freom the prodnoing cell to some other zile,

The appearance of the povrbicle budding seen ln the kitten platelets
moggeste thal pavdicles were being replicoted in the platelets; such a
dynemic Snberpretation caounot he subptentisied oubk the finding of all slages
of hudding from platolet memixeacs and Into vacuoles nakes this seon possible.
£F this lunterpretetion is corwees, it implies that one of the following
procosges tokes placet either particles actively udding In a plateled
sogment of a megakaryoeyte conbinue to bud vhen the pletelet dolachen and
thus thet the platelet cazries the necessory inforwmation for the continuing
gynthesis of particlas; or platelets oro oapable of gynthesising particles completely
ond can continue to do this thvoughous the lifetime of the plateled, in vhich
oase, partilcle bwdding couwld start after platelet deltochkuent. Altornebively,

pariticle formation could by axvestod vhen plalelets debtach from the



megakeryovyies and the uds seon on the platelels would then e incapable
off completion. TFrom the electron wmicroscopic evidence available this
latter poneibllity vecms the most wnlilelys which of the foxmer two hypo-
thoses is the mowe likely Yo he corweet is not possible to decide withoud
further knouledge of the synthaetic anpabilitlos of blood platelets.

How Jong a vivns oan ewevive im the plosne is noet known. de Haxven
(1965) suggested thet the level of virecmin resulis from on equilibnivm
being eptablished betwoen wirun yproducilicn and virup olearance, ofthen
through the vivuses Infecllng cells ox by theidr belng phogocytosed. Ho
evidence of virus phagooytoeis vas obaerved la the kitten situdics.

in this exporiment with inocoulnm CL5/0F3 4% hao been shown that partleie

yoplication ccours in megekarvyocyltes and lymphoild colls in incenlated kitiongs

2

d tha® this can lake place from 20 days vo 1 yesary iv has also been
shown thal particles gon be found in platelets throughout this period.
The welatlonship, 1f any, between nawbiclo xeplication and Tthe developmond

of lymphosancona has not boen established.
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Experiment 2

The examination for the presence of loukoemin vinus particles of hlood
platelots and tissnes fxom kittens ivopulaited vith p leukeomnic tissve exiwact

(GM/CFS) from the gpontoneous foline lymphorarcoms (L.

Motarlals end Methods

(1) Inoculetion of kitiens

Saventeon kittens frem 4 Litbors wove cwsh jnooulated Indre
peritoneally within 24 hours of bhivth with 047 - 1.0 ml of he inoculum

CLA/CFS.  The animpls vere numbered CL4/l « CL4/17.

(1) Dlood sempling for vlatclet oxpminations

Tuenty-elght days after inoculalion a pooled plateled prepavation
was obbained from 8 klttens from 2 Littors and platelets pellets were
mede from individupl blood semples boken from the T kittens from the
other 2 livters. Platelet pelleie wexe also prepared fyrom Individual
blood pomples from kittens token 42, %6 and 70 deys afber inoculstion
and aftor 15 weeks, 27 wecks and approwimately U months from surviving

enlinels.

(i13)  Zipemo saupling

Samples of houe merrow, spleen ond thymus were takon from 1 randomly
selocted kitten killad at 28, 42 and 56 and 70 days after inmoculation
and from 8 animals killed in exitzvemly afber 13 weeks, 27 veeks and

approximotoly 40 weeks.
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One enimal died 2 nonths after Inocoulations the cavee of Jeath was
not epboblishetds Higtologicnl cwmmination of diasues frowm this animol
showed no signe of lymphosexsonas no uedeniel was available for eoleotron
Mniarosoopy s

Pour andwels ore sdlll alive with no clinical signg of lymphoparoons

16 monthe afbter inoculotlon.

1. EBliniea) and histologicel findings

flone of the 12 andmals killed in thile oxperiment had developed clinloesl
pigas of lymphomaroomas wome of the animals bed slight peripherald lymph
nodla enlavgoment hut ot posb-morten no aniwsl ves fouwnd to have grossly
enlapged abdominal nodes, She onimale killed in exbromis wore emaciated
and not eating,

Higtologioally 2 oasen shoved ovidence of neoplosisg C(L4/% killed ob
56 dnys, showed malignanit changes in the home mexrow and (h4/7 killed An
extrende at 13 wocke showed molignant changes in the spleen (Plgs. 90, 91).
The spleens from coses CL4/L and €L4/2 killed at 28 days and 42 doys rose
peotively shoved changos which, by comparvison with chonges seom In gponboneons
cogen of fulipne lymphogorcoma, wers thought to be indloative of early

mallenandye .

2.  Rlociron microacope findinme

(1) Iigod platelot examinpbions
Table 6 swmarises the reswlio of the exsminebion of o pooled

blood semple snd of individual blood samples tekon 20 deys efter
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inceulation and of individusl cxominotions mede ot verious timoes feom
42 deys to 40 vecks. Chavacteristio lovkoenia vizus portleles wore
found in meny of the preparetions (Plgge 92 « 95),in somo no louwkoenin
vivas particles wero peon and in soveral sewples alyploal virus-like
stractvres vere obsewved in plotelet vecucles; sauples of this labtter
catiegory ere mavked "P4" in the table.

In no pooled ox individual plotolet sample oxemined in this oxperiment
wene pavilcleos as abundanily present as in avy of the prepavations from
Bupeniment ). Tt vas sstimeted thobt the pereentage of platelets with
nogocilated particles vas of tho ardsr of .l « 4%. Mopphologloslly
the pawntleles in the sanples moxked "+ wewe Idention) with those found
in Experiment 13 wdding particles wore not foupnd frequently bul appearad
%0 bo mont common in the gamples laken ab 42 doysgat 01l times the Type 2
perticles were moxe often seen thon wewe Typs I particioes,

Thoge resulits recoxded as Y4 alight" lndlceate that the platoled
cxaminatilonn vevealed qlearily def'ined chaveoterigstic lewksemic virus paviicles
buh that thewe were foumd in spproxivntely less than 0.5% of the platee
Lota.

The atypical particles found in the pomplos perked "P4" wvere seen
in platelet vacuolesy in only a fov pletelets fyom sy one sample
wore such pavticles seen. The pavivicles were of thoe same slze as the
typical lovkosmle vimue particles, approximetely 100 mw in dieweter, but
they nad o homogenous electron-donse material £111ling almost the ombilve

core of the particle; no intevnal wmembrane structurs could be discorned,
5 ¥
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(21) [Tiseuo exaninations
Table T shows the rosulids of the tissus examinations. it can be
geen thot leuleemis virug poriieles were fouwd in ong o moyxe of the

pelected timsues fram 8/10 of the andmals.

(o) Spleen oxeminsbions

Typical particles ware :E'mmd. in ppleen seations from only 2
of the animale CL4/5 and 0L4/1l: the perbicles, seon in megokavyow
eytog, wexe malaly Fype 1. Dudding pavbicles were not ohserved.
Megeltaﬁy&cy%ea vere not saen in geotlons from any of the other cagog.
o perticlos were socw bodding from 0.?," in elose pasoaiation with

Tymphold cells in suy of the casen.
{v) Bone wexrew cxeminetions

(b) Bone morvow exeminetions

AR PO L 3, M AN

Wyploal pawticles were found in 7/8 of the bone marrou samplons
vivue-like povticlos vere scen in the menaining sewmple. Parslicles
were observed Wwdding from Llymphold cells; Dully-formed pavticles
of both types were poon free betveon golls and in the vacuvolesn ond
introcelivlar ohanvels of wogakaryooybos (Fign. 96, 97)

Davge numbers of Type 2 pawhicles were foumd mingly and in
guowps in the megokaryocyte vasuoles (Pige 98)3 3n sectlons fwom cach
coge Type 1 particles weve fregquently obsorved, usunlly slugly, in
vaouoles (Flg. 99).

Bxsracollulorly, singlc particles end groups of particles were
found In close sesaciation with lymphoid celles <he majority of these

weyve Qype 2 poaxdiclos.



Pableo 7

Tho easoclation of loukacmis viyus partioles
vith tisgues from kittens inocoulated ns nevborns with (L4/0WS

96

g P Time from incculaiion e Mioones Bxomined ¥
Kitten Lib%en to killing (k) or death (4)  Bone Marrow Spleen  Fhymus

Ferared bttt

A ona/1 3 20 deys (k) e, - -
cra/e 4 42 days (k) + - -
eLa/s 2 66 days (k) b i -
CLaf4 2 70 days (1) A - 4
ona/s i) 13 weeks (k) 4 - +
n4/6 1 13 wecks (k) 3+ - nha
LA/ 2 1% weeks (k) 2 - nta
CLA/8 4 13 weeks (k) + - nto,

4 c1A/9 4 27 weeks (k)

# CLa/ 10 2 40 weeka {k) nla - -
oL/ ) 43 wec—::l:é {x) i 4 nta

iz CL4/12 3 48 wecks (k)

+  Jevksenis vivus pariicles observed
T+ vivusgelile particles observed
« no pavticles found

z
¥ Brtrs sploen soobtions exomined from these coses from which no bone morrow
was available.
¢ No moterisl for elochron micvoscopy taken from these cases
nte. No tiwpne avellable

Notes A kitiens inoouloted with (L4/0F2 s3ill alive
and healthy 16 months afbor Inoconlation.
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(o) Chymus ovominoiions

Poxwticlen vere found in the thymua from only two of the 12
enimls ln vhich thin organ was found %0 be present ot pogb-morhon.
Tn cage CL4/B, perbticles, mainly of Type 1, verxo Ffound extracellvlarlys
gome particlan wore found in lymphoid vell vacuolesm, Ho bwdding
particlos wexre ohaerved, In onao GL4/4, only o fow parbiclos were
obhgerved; +the pordicles veore fowmd in indovcelluvlew spuces and were

of Type 1.

Dincugsion

in this experiment ne animal which wag killed had doveloped olinieal
signs of lymnphopargoms. However, 4 sninals sre still alive 16 monthe aftor
inocunlavicn, vhich ig o shoriter time thoan the latent pexdod wecorded for
tumour development in some of the snimpls In the expeximente of Jarwetvs (19662)3
these onimals arve being examined freguently forx any signs of detarvioration.

he hisgdopathologloal evidence of maliznancy i3 loss werked in this
oxpariment than in Pxporviment 1 and only 2 animols showved convineing evidence
of early lymphosarcomps

Of +the 3 tissucs taken from each of Tthe kittens in this exporiment, only
the hone magrow wos oonsisbendily paviéiole-positive;s the bone naxyow cectloap
viera very sinller to those seen in Experinent 1, and thoy appeaved o conbain
nubers of pavticles of the same orvder an weve seen in the Uxpeximent 1
Bactions.

The resulbs of the mpleen examinations are sompprable wilth those of the

agploen exominetions made in Bxpeviment 1, in €that in hoth experiments the



gome wmber of wandomly chodgon grid sguares of tinswe seeblon were scavned;
hovwever, vhoroap mogekaryosytes vere found in seobionn of most of the spleens
Fronm the lkitiens in Dyporiment 1, this cell type vas mecn in seoatlong fron
only 2 of the kitbens in Experiment 2. Tho 2 kitbons in which spleen
negakaryotytes vore found were the only 2 which had particle~posiitlve spleenss
the particlos vere assoviabed with the megaliavyooybes and weve net found
budding from or assoeclated wiith lymphoid celln. Thus, the fadlure o {ind
particler in the apleens of the other kitbtonrs wmay be due to the fact thet no
mepokaryocytes wore oxpmined in these cemes and the classificabion of some
andmels as partlele-pogitive awnd otheors as particle~negative moy wosalt from
dlfferences in the dogree of widespread megakaryooyte hyperplasia in tho
gpleens.,  The histologloal findings vould tend to support this. Ag dlscussed
vorlier, sempling Aifficuliies present serious probloms for the interpretation
of weavita from electron microscopleal exsminsticons: the above result mey

be o cage in point. TH might be of value be investigate the parbicle negative
spleens ueing the altewnative néthod of specimen sconndng bhased on megakaryos
cyte examinntions (see Scotion: 1, Discussion).

In this exporiment the results of the platelet exgainations wore much
lags conslntent than those made in Pxperiment 1. Tho peck hudding time
appeared to be ay 42 doys compared with 20 Jdays in BExpewiment 1. Pouer
paviloles wave found at 21l tiwvesns in meny instoncos only o fev periicles
wore seen snd in some examinetlong paviicles could net he identified with
cortainty. By coupawison with the findings from Baperviment 1, these wosulils
mugeest bhat in thls ouperiment either fevw megakonyocylies were produclng

platelots with pavticles ox thal the mepskaryooyles themsolves had omaller

98



99

mumbors of particles to coatribute to the dolaminating pletelsts. Sinee
neither the preolse ordgin of the purbicle~positive platelets nor the kine
etlos of platelet production is known btho posslble signiificonce of those
obgervations connot be apegesned. Porbicles geon lylng Free bebtween plote-
lets sugeest that o vireemie doveloped in the kitbenss wno quantiietive sbudy
was nede to tay to compare the levels of viraenie in this experduoent with

thoge in Exporviment la

Bepordment
gL - o

The exomination Yoxr the pressnce of levkpenis virus pavileles of blood
pletoleis and tizoues fvom kittens inoculated with o leutnemic tissue

extract (CL3/CF3) from the spontancons feline lymphosercoms OL%.

Motorisls and Methods

(1) Inogulation of Ikitiens

Hineteon kitbens from 5 litters were each inmvoulaled inbraperitonvally
within 24 bouws of bizth with 0,75 « 2.0 ml of the imoculum CL3/CHS,

The animale weve mumbered 0L3/1 « GL3/19.

{11} Blood sanpling for plotelet expminations
Plabelet pellets wore propaved from individuel blood samples taken
fwon kivtenn 28, 42, 56 and 70 days afior inoeulation and at & montba

from surviving animals.

131} Tdesue eomnline
HEEREE e

Somples of bone navrow, spleen ond thymus weve taken Lrom 1 randomly

chogen kitten killed 28, %1, 42 and 56 end 80 days aflter inocculabtion.



Pour of dhoe kitbeus dled within 28 doys of incconlation. The cause of
death vap not osbablished, but groasly there were no signs of lyaphogarconsg
no maberdal wos taken for hisbological or eleabron mivroscopical cikomlnation.

Pan of the cabs (13/6 ~ CL3/15 were killed after 46 wooks during on
outbreal of panleukopoesnin 1n one segbion of the cat colonye o clinioal
signg of lymphosnvcoma had been observed in any of ihese mnimals end oty
vogt-mortem ne grogs evidenco of lymphocarcoms was foumdy ne higtologloal

eraninations vere mede of tlooues from these animald.

Lo Clindoal and histeiosical findings

Yo alinileol migns of lymphosarcoms were obrerveld in eny of the snimale
CL3/1 « GL3/7 killod betwesn 28 end 80 days. Histologieally, anone of the
tisouos showed evidence of lymphosawcoma; Uthe spleens fyom CL3/3 and OL3/4
showed zencltlve chuanges snd the hone marvow from GL§f4 ami 0L3/5 ghowed

general hypeorplosin. Vo abnoxmzlitlos were obmerved in the thymusco.

2e Blectren misrossops findings
(1) Blood platelet exsminations

Table 8 summarices the vesulis of tho pletelelt examinationa; the

prasonce of leukeemis vivum pariticlen in or apsociated wlth, platelets

100

wog establighed in only & veny fow of the seumples sbudled (F vie MO0, 101)s

in those somples in vhich porticles were ldontified, the mmber of
platelete found o contain pariicles van extremely mmall ond 1% wes

estimated that less than 0.1% of the platelets vere involved.



Jable 8

The aspeclation of leoukaemin vizvs pariicles with blood

platolets from kitbons inoewlated as unewborns with GL3/UFS

Pimo from inoculation to hlood mompling *

virugelike pavrticles ohgerved

no particles found

Kitton ﬁi;ggi 28 doays A2 days 56 days 70 doys Yater bines

CL3/1, 1 -

CL3/2 4 -

oL3/% 1 -

C1,3/4 @

0L3/5 4 - - > + +(80 deyn)

CL3/6 1 - - r - +(6 montha)

CL3/7 1 - - - - 2+(6 months)

Ch3/8 3 - - - - ?+(6 monthe )

GL3/9 g - P 2 +{6 monihe)

CL%/10 2 +

CLB/ 1L 2 P et + P4 (6 months )

0L3/12 3 - + 4+ 7+ {6 months)

CL3/33 3 - P4 + Pae

015/14 4 - - + 74 (6 montho)

¢L3/15 4 - - + +(6 months )
) + leunkeonie vives periiclos observed
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In the camplos vocorded ag "7, the same kind of atypieal particlas
as were found in platelets from Bxpeviment 2 wore seem In a fow platelet
voouolas,  Ag in Dxpevinent 2, the morphology of these yaxitloles vag
not pufficlently chavacteristio of the lovkaomogenic-type viruses to

enzvle the gamples ho be clospified as periliolo-posliive.

(i1) Tigene exmminations

Table 9 shous the wegulis of the tissue exaninations; wno levkaounin
vizus pakticles were fowad in eny of the tlesues fyom auy of the cesos.
Vo megaltaxyocyton wers found in eany of the spleon necblons examined but
this cell fLype, with no sesociatod partlcles, was commonly peon in hone
meryow secblonss  The thymus wae prosent ab post-mowiem in 4/5 of the

oniveles no particles wewe found in any section of thymue.

Disougsion

Io this oxpexwiment, no ¢linical ox histopathologlceal evidence of lymphow
margone wos foudy thos, the inconlum vepn nob demonstraied to be leuknomow
aonio.

No leuvlacmio virus paxticles woxe found in any of the tissuesy SLrom
the previous exporimenis it might have been thought that thiz could have
rogulbed from the oleetron mlcrossope seciions not Including megolaryocytens
however, while this may have boen true of the gpleen oxenluotlons, it was not
po for tho bone morrews In which megekaryooytes were obsexved and ne parvticles

wora found assacisted with thome



Yohle 9

The amgoclation of leuvkoewnla virug paviioles

with tissves from kittensg inconlated as nowhorns with (L3/CFS

103

Ho diseues svailable for elegtron miocroscopy

Titten Dittew Dine fron inoculatlion Tiseven oxanined %
b umbor to killing (k) or death (4) None Mavvow Spleen  ‘Thymuae
Cr3/1 2 28 days (k) - - -
OL3/2 4 33 days (k) " - -
oL3/% 1 42 days (k) - - -
CL3/4 2 56 days (k) - - -
CL3/% 4 80 days (k) - - o
%

4 leukaenla virug pariicles obsexved

~ no particlen found

nte no blssve evailable.

lotee Kittons UL3/6 - 053/15 killed at 46 wooke
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The romilia of the plotelet exsmivations aes Aiffiounlt to iuberpretg
po perticles were found at the carly timesn of exemination and only o fow v
lager tincess some platelets contained struetures vhich oould not be oloopifisd
with confidence os louvksenie viras parvdiclos.

The origin of the particles seer in the piatoleots ip not knowne o
parbicies vere found in bonme maryow megskaryooybess however, slnce the
povoentoge of plalclets with partlcles was very low 1t il possiblo that owly
A mall numbey of megoakavyocylbes, each contalning only a fow particles,
wore involved, end that the electron mlcvoscope examivation was not sufficlently

extengive Yo include even one such mogakaryocyto.

Experiment A

The exsminavion for the praesence of levkomenmia virus particles of
blood platelets end Hinsues from kitdens inceulated with o levkeenic tisnue

extract (QL2/0F9) from the spontaneous Lolive Iymphossxcoms Gh2.

Materlala and Methods

(1) Jnoowlation of kiftens

dim kittons froem 2 litters were ench incoulated intropcritoneslly
within 24 howrs of birth with 1.0 ml of the inoculum CL2/CTS. The

enimals wors numbered CL2/1 « CL2/6,

{11) DBlood sompling for platelet exswminabions

Platelet pellets were propored fxom individenl blood semplos teken

from Ikittons 28 dayg, 42 days end 10 weeks afteor inoculation.



(141) ZTissve gompling
Samples of boue morrow, splean and thywue vere tekon Lyom 1 aninal

28 days after incculatlon.

Thres onimals from L of the litterys dled with pneumonis lons %ﬁan 28
days after fnoculationy one andmal CL2/2 wes found dead, due to unkuown
canges, 56 dayn aftor lnoculationy one kibtben, 0L2/3 died with panleviopoenia

T months after the start of the expovimonde

1. Qlindeol and histologmical findines

Ko elinical sigms of lymphomaroomn were soen in kitteon ¢12/% obssrved
for TH nonths.

Tissue fov hisbtelogileel oxowmingtlon war taken from only one sninal,
612/1; apawt from alisht hypevplasie and very achive exythropossis of the

kone marrow, no abnovmallitles wexe ohserved.

2« EBleotron microscope findluss

Tablen L0 and 11 record the examinations made and show that no leukaemis
virng partlclos were seon aggociatod with tilssuesn, and only one viruselLlle

particle was soen in tho plotelot exemincbions (Fig. 102).

Disovsgion

In the £1eld c¢ase OLZ2, only a gingle virue-like particle waz ohaerved
in the presoppular lymph nodes The inoculum dorpdved from this came was
uged to infect kittens in ordem that its esctivity might be compared with thab

the Iuocula propaved from the 3 capoes in which wony pavitloles were found.

105



106

- iors 9

The assoclation of leukoomia virug particles with blood plateleba
from kibbens inomleted an newboras with O12/CFY

14 5hon ﬂLii}'&;@ g‘_&ms? Lrow inoculabion to higad mfmg:i..:}tr.lg *
Nuntbes 28 doya 42 doys Lator bimes

aL2/1 2 -

¢Lz/2 1 - ? ~ (10 veekn)

ote/3 i - -

e

4 Jeouksemia vivus pardilcles observed
- no pavticles found
?  one virmg-like struciure ohserved.
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The sascolotion of loukaemis vivus parbiclen
with tissmes from kittens inoculabed oo newborns with CL2/0FS

Kibten Litiew Pime Lfrom inoculation Tigouos oxomined ¥
¢ fomber to killing (k) Bone Moxrow  Spleen  Lhymuo
¢re/2 2 28 daya (k) - - -
4 levksnonia vivas porblcles oboerved

no particles found

Nioties Kitbens CL2/2 died at 56 deys ond kitiens CL2/3% killed ab 31 wecks,

Wo tiseuwes ware avallable for clectvon mioroscopy.
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The seope of the exporiment wvas limited by the shovioge of kittons and
was corriad ouv with the last tuwo ovailable litters. The only covnclusion
vhich cain be drown Lrom the few observabtions vhlch weme mode is that this
inoonlun 0L2/CF8 dld net indues the pamo parbtlcle production responses in
tiospes and platelotn an were produced in Bxpovimenis 1, 2 and 3,

Swpordmont 5

o : e
:g‘;:cgnamuent 3

The examiuvniion fox the presence of leukaemls virxus paxiieles of blood
platelots and btipoees from kitbene lncculated with on incoulom (INE) pre-

pared Lrom lymph node tissue from o healthy cat,

T

(1)  Inooulation of kittens

Meven kittons frem 4 1itiora were each inoculated lntwapoeritoneally
within 24 houvs of bizth with 1.0 ml of the inoounlwn Iif. The animals

were ownbered LHB/L - LNE/131.

(1) Plood mompline fov plotelot exaninations

Platelet pellots were prepored Fwom individusl bleod samploes

token fpom kittons 28, 42, 56 and 70 days afbor inoculation.

(133) Wissue sampling
Somples of bone mexrow, cpleen and thymms vere btaken frow 2 animale

killed ot 28, 42 and 70 days and from ) killed at 56 and GL days,
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Rornltn
Threo kitiens from 2 of the littors died wiithin o fow deye of Inoculations

no molerial vas taken for histologleoal or elegbron micvogcopleoal exeminatlon.

1. Cliniaal ond histolosiesl findines

Tuping the conrse of the obgervabions, 28 « 0 deys, tho onimals
vomained healthy snd shoved no olinicel glgng of lymphosarcomzn., Histological
examinations showed wenoiive changes in the spleons and that the bone MALROUE
vhich were slightly hypezplastic, contained memy Lot oplls. Mo thymia

abhornlities wore wasn.

20 Hlectron miovougope findines

fable 12 shows the wesults of the blowd platelot oxeminntions and
Table 13 gives the Lfindings of the tlessms cxaminstlonse To lovkaemls vizus
parbleles wore oboerved in any of the tissve sestlong: in cne plateletl
exeminadion (L7 at 70 days) two single virue-like structores vere seen (Pig. 103).
An exsmination of the mementeric lymph node and of plateletn fyom the
noenal cat from vhich the inoculum LHE wag dewdved failed to revesl lovkaemie.

vivus particles.

Diseneedon

Th:':a exparincnt was pecformed 4o digcover whether an ex@mct of nowmal
Lymph node tigswe would produce the same pezticle roplication response in
kittens ag inooulsn propaved from levkeenmic tissuess While the exoninatlon of
donor tisones may fall 4o weveal pavticles it cammol prove that they ave not

presents thus, iunocula fxom eppavently noranl, "particle-nsogaiive" snimeln
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Yoble 12

The oxenination fox the presence of laukeomin virun
of blood platelets from kitlens
inoenlated g newborns with normol lymph node extract LA

Tibbon Litier _Mime fron droenlation to blood gamplive ¥
. Humbox 28 days 42 doys 56 days 70 doys

(A 2 -

2 2 -

13 1 - npp

L4 2 - -

hd 1 - app -

16 4 - " "

Y] 1 - npp - Pote

Lo 2 - - - xipp

+  lewtaomis virug parblcles obsewved

P 2 gingle viruse~like particles ohsorved
= 00 pardioles found

apy no platelet pellol
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Talle 13

vacreoll

The examinpilon for the presence of leukeenla virus pavéicles
of tissues Drom kittens ineoeculated ns nevhorns
with normel ilymph node extract LNB

€1 4ten Lither ‘.‘[‘ima' 5‘;‘3,‘0.01 inoculotion ) Tigsues exomined # ‘
Numbar to tisoune sompling Hone Morrvow  Soleen  ‘Thymus
L1 2 20 days - - -
L2 2 28 doys - v -
5 1 42 doya " - -
L) 2 42 deyws - - ”
5 1 %56 dayn nka - -
1.6 2 61 dayp - - -
Ly ! 70O duye - v -
L 2 70 doys " - -

+  leukaemia virus parvticles observod
~ 0o pariicles fowmd
nsa no tigsme ovallablé.
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wey coutaln paréiclos prosont, latently, in low concentrabion ian the donow
eatss  Buch perticles mighl induce xeplicalion in reciplent kittens. I
iz aloo pogsible that incoula prepered from noxmal cabe, not conbaiving
particles, might stlmulate a vivus present latently in the wesiplent
kittens, This ewperiment hes showe virue-like stxuchures in only one
kitben. VWhother o ot these st¥ucstures could be chavacterised as typlcal
lenkaomla vlrvum pariioles and if zo, vhether or not they ewve of donow or
regipient origin; the conclusion which ear be draun {rom this exporimeont
lg that this inoconlum, tested in rendomly selected kittens, specimens feom
which were eoxamined la the standardised wvay, 4id nob produce the seme
particle production wesponse as wes produced by 0L5/CIS, CL4/CFS or

013/CrS.

Vxperiment 6
The exeminatlon for the presence of leukaemia virus particles 1n blood

platelotn end tissues from normel kittens.

Materials and Mothods
(4) Kittens
The conbrol group of nowmal,uninfected kittons consicbed of

T andmale feom 2 litdorg.

(1) Blood sampling for platelot examinotions

Plavelet pellots wore pwreparod fzom Individuvel blood samples

taken from kltbens aged 28, 42, 56 and 70 days.
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(1i1) Diseve samples
Somples of bone marrow, spleen and thymus weve isken from lkitbens

sged 28, 42, 56 and TO days.

Resnlbs

1. Glinical and hislologicsld findinss

The spleon seolions from some of the kittens showed reacbive shongesns
bone marrow secblone from olld of the kiltens contoined sorly forms of all
of the osll types and many fat oells weye presenty no ebhoowmalivles were

found. in the sections of Thymuss

2. Eleeltron microsgops Lindines

In two platelet examinetlons of one kitten, virug~-like stouctures weore
goont - seo Table 14 (Figs. 104, 105, 106). Ho leukeecnia virus pardticles

were obasrved in eny of the %issucs (see Table 15).

It hes slveady boen mewniiloned In the disoussion in Section L that
vhile in some mueine stodies, lcukeemia viruses hove beoen demonglrated in
tisguer from novuel mice othey investigabors have felled to revesl viruses.
The kittens in this mmall curvey showed no evidenco of bypieal levkaenisn
vivog particles in tisswes and in only one kitbten wevre a fow vivee-like
gbruotures found In the platelets. The findings frowm +thism prelininary
ptudy ean noither subgtontiaite the hypobhenis nor preclude the posalbllity
thet o latent leviaemeogenic vivus in oawpled, possibly in low concentration

in all of oe in 2 propoxvbtion of the genexal cat population. However, Ghip
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Table 14

The szamination for tho presence of levkwemla vivug particles
of blood platelets from normel kiittenn

Kitben Litier Ame ab time of E&g&g&gﬁﬂggggé&&ﬁ&gagmﬁ?W“”
lumbher ab doye 42 doys 56 days 70 dayws

IKL 1 -
K2 1 - -
TKS a - npp npp
g4 3 - - - oep
K R | - - - -
T i T+ - P -
Y 1 - - - -

+  leuksenie vicus particles ohsepved
P+ virugelile parvicles obgerved

« 1o partioles found
npp 1o piatelet pollet



Foblo 15

The eweminstion for the presenge of loukaemla vivus periilcles
of tissues from novmsld kithens

Kitten Litter. Age al timo of ———ggMes examdnod ¥
Hombear tiosue sompling Yone Fiayrorr Spleen Thynus
Rl 1 26 daye - - -
T2 1 42 days - - -
S 2 56 daye - - -
1K4 1 70 days - - -
HKS 2 70 days - whn, -

+ levkasnls virus parilclon obseived
~ 1o particles found

ats no bisove avallable

Hotes Kitbons NEG ond NKT wowe trensfevved to sncther experiment nod

dosordibed in this aiudy,
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oxperiment has dewonsirated o diptinet difforence betwoen the kitlens in
Exporiment 1 and the normal kittons in thot whille all of the formor had
panbicles appoclated with vhem, neve of the vainfected animals apart from

the ono with virdswlike structuves, showveld pavrticles in tissuen own platelata
exanived in vhe some way os the gpeclnons feom Bxporiwment 1. The experiment
hag almo showa that the inecnla tested in Fxporiment 2 and Pxperiment 3 prom

duced wesponses in klttens involving morphologicol. patterns not apparvcubly
uwaiverselly found in nowmel kittens of tho sane ageg.

GIRERAL _DISCUSSTON

The three inooula from particleepositive £lold capes bave boon shown
to induce different responses In the inotulated kittensy +the incoule wors
ainilerly prepaved and the vegipient Litiens in cach oxperdment wore xondomly
seloctod from the closed colony. Thun, the difforent wesponses wmusd reflect
inherent differences between the inveule; these differences might be
aqualltative on quentitative.

Ag ghown in Toble 2 in Section 1, both morphological types of pariiole
wvore seen in case U4 and alsc in cape OLGy “ype 2 partloles weve ronely
found in case 0L3. Another qualitative difference beilwesn these throo cases
vag thet wheveas the demdnant cell {type in the casea (L4 and OLY ves
"immatvre® that in case CL3 wes "mixed® (sce %oble 1).

No particle counis weore made to compare the % ceses quentlitatively buil,
a8 was noted In Seclion 1, theve appeared to he Increawing numberr of

pavtbiclen In cases GhL3, OL4 and CLb.
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The slgnificance of these gqualltative ond Yquantitative® observobions
ig diffloult to assess. The gummavised resulis of the experinents 1 ~ 3

are ni fellouste

CLS/OTS derived fron a tunovy with predominantly imnotuve cells, with
porticlios of both types in weasonable numbers, indvccd particle roplication
in platelets ond tinmoes frxom 28 deys; lyuphosawcoms developnd by 86 daye
in two kiltbtens and there wos histopathologlenl eovidenee suspestlve of

lymphosarcoms la several other kitlenn.

CL4/CHS dertved from o fumour with peefominsutly lmmatare cells, with
particles of both types but fewexr of both than OL4, induoed pariilole
weplication In plateliets and in tissues from 28 days to such » degroo thad
14 could be demonstrated in some, bul not oll of the apeciwmens examineds
there was hilstologleal evidence a%rangiy suggesbive of lysphosarcoms in
Pisswes from 2 of thoe kitdens and in another 2 kitieons changes vere cbaerved

vhlch were alightly suggestive of lymphosareoma.

CL3/ULS dewived from 2 tuwnonr with "mixed" tunmouvr collss with Type 1
partlolen lo smaller pumbers than GL4, profuced o slight repponse in kitbeas
ovidonced by small npmbers of particles aanocisted with some plotelets, ot

gome vimog of exewminestilion.

Whather ox not the dominant oelld type in the donor Is on imporltant
factor in determining the effectivencsa of an incgulun cannot be Judged fronm
the present experimenty, Cleaxly, since the incouls wore cell-ivoe any
Influence the coll type noy hove had was of o seeondarvy nature, It might
be that the dominent cell dype in the domor refleots or sontrols elthor the

rato of partlicle production or the "infeative" neture of particles produced.
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A high wate of paxtlcle produeiion wvould xesulit in thore being lavyge numbors
of “"frosh? particles In the tissues fyronm which on inoculum wag dorived vherean
a glover rote mighd lead to an inoowlua with o higher porcontage of
Hinaobivated® parbicles.s As yet very liutle ls known aboub the kineties

of pairiticle voplicetlon and vhat happens to tho particles produced in the
mouse levkaecnias so thet the present resulis cannot bo inlevpretaited by
copavison with those obiained from murine sbtudico.

Whieh of the two merphologically distinet particlen, Type 1 or Type 2,
ig the infoctive virus of muvine leukeemle ila unot yei estoblishedy do Harven
(3965) has pat forward the hypothesis that the triple-membraned type (A1 type)
in the hiologleally active pavticle and that the lov bielogleal eativity of
his prepevation reflects the low "AL/G" particle watio, 4/1,000. In the
feline studies Pype 1 porticlos were found In each of the sponltenecuvs cenes
CL3, GLA and CLO, thus according to de Hawven's thoory eoch contaluned active
partlelens the diffecovcen in degree of vesponse in the F expeviments might
be explained by the aumbers of periticles prosent in each of the inocwle.
8ince CLS, 0L4, O wore "graded” In thet oxder og moat fo least paviiclew
posltive,; the romults of the ewporiments could ogree wvith this thooxy. I,
hoveyew, the Type 2 particle ip the infective ngent the inoeuls CLS/CIHS
and OLA/UFS womld have contained many active pawticlos vheveas QL3/UFS iu
wiiah this form of powitiole was nolt so frequent, would have beon & lons
affective inocouvium, The slight response of kittens to GLB/GFS,by comperloon
with that do QL4/OFS and GLS/bFS,might be explained by this hypothesim. The

present reosulise connot determine which of theme 2 theories ig sorrecd.
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ot enough dabe ave avalleble from Bxperiment 4 for any conclusion o
he drown excopt that the inccvlation of kittens with leuksemlc timsue eaxtracts
does not necessarvily vosuli In demonsbtrable periicle replisaition la platelets
end tigsuey at esvly btimes after inosulation.

The gignificonce of the finding of a few virnsellke struebures in kiitteons
inooulated with LIE and in the wabrented enimals iy difficult to sssess.
This night indicate thot some or all normal kittons naturally have omall mwbers
of partlelos prosent in thelr tissnes. TFarther gindien with novmal animals ave
roguired o study vhis but it le cleowr from the prasent expordmentps thab
CLG/CPS, CLA/CTS and CLB/CFS infected kibtens ave distinetly different fvom
nozmel ond control experdmeat kibitendg.

These expopinents heve nob desermined ot what sltes and v which eells
paxticle weplication first itskoa place in the inoouleted kittonsy atiemps
to agtablish the origin of the viveonmis in Fricnd leukaemia were made by
de Haxven and Feiend (2966) ut thoy wore not able to fiwnd which colls were the
primony terget cells for viecus; powilcies were secn 1 and 2 days after
inooulation in the thymusn and by day 4 vizuvses vene found in many tisswes. In
the present experiments poriuicles were losg fregquently obmerved in the thymus
than in the other tlssuwes exomined. It chould be emphasiped that no kitten
examinations vere made beforo 28 daye; oxamlestions of tissue and blood plateos
lota btakon ot carlier times might help 4o dotexmine how and vhere the pexticle
vaplication is indtiated.

In the moune it ls suggested thot virel prolifeoration and the subsoguent
stepe in leukazeomogenesis »ve sepprate although dependent procesnog (R:lch 8t al.,
19673 Keplon, 1967)e In this study no atdempt has boon made 4o xolate

pavticle production to leukatmogenesis.
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SUMIARY,

Phese experiments have shown bhat the veplicabion of leutacuis virun
parviclos can be demonsirated in kittens infested with lwoouls derived from
lopkeomio tisouer Treom ety with spontanecus lywphosarcoms i vhich the goud
type of porbicles had been obassxved. Pariicles werve frogueatly sesa fn the
blood platelels and tlssuos fvom kittens inocvipted with one o other of 2
of the inocula iesied; da kittens infected wilth a thizd Inoculum ocoasional
partioleos wore found. Some of the inooculoted kibttonn showed himtologlcal
evidence of lymphosnrooms.

Ap conbeols for these expervimenis sme kitiens were inocculated with an
extract of lymph nodes from a normal, healthy cot and blood platelets and
tispues from them and from normal witrosbed kitlong were oxamincd.  Although
ona vr two porltlicles wevo obsorved in o veny feow controi aninals no rospovne

ves obsewved simllar to that indueced by the leulnmenmle dlssue axtracts.



Seotion 3

Parthor Yrongmission studleg

(1) with o filbrate incowla
(2) im aduli coto

(3} in sovial passage
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ZUTROIUGTION

The inoculp used in the experiments of Joxwett gp al. (19642) and also
thoge used in the eppevimonis deseribod in Segllon 2y wore prepsred fyom
lovkaomic tlasues by subjecting lymph node eziraots 4o o sories of high

j ?
qued contelfugation procedurven: +the lnoouln wewe presuned 4o he cellefree.
Ho temonws axose at sibes of incoelablon and rondomly chosen lithers of
kittena responded ia vavying degrees o the inoculn. FNo chronogowme studien
vere carxiod ont to determine the origla of the tumounr cells in recipilents
doveloping tumours. To obilaln further evidence thet feline lymphosarcomns
ool ho viraily trapemitted it was of Intovest to piudy the effects of a
filtewved ivooulum. Tn the present luvesbimaiions no kittenn were available
for s complete pobthogenesls experiment but ag o prelimiuvsry Inwvesblgation tho
coxly responzses of kittens to o filiexed incenlum weras tosted.

s hos been shovn that somo of the murine loukaowmogenic virusen will infecd
aduli mice although the latent pericds for thuwnovr development in them swe wuch
longer thaa for mive inoculated as newborxns (Moloney, 3962). 1% has aleo
been denongizated that virus con be exbracted from the plasma of inoeulated
edult mice (Renscher and Allem, 1963). In the foline sxperimentn doseribed
ao far, kitbens vere incocnlated, within 24 hours of birth bafore thoy had
developed full immwological competence, Whether or not lynphosercone could
bo ianduced in adulis with a glven loukaomie Utismue exbract it wos of interesdh
$o investigeds the carly wvespoase of adults by oxenining bhlood platelets;
1f particles weve boing replisalced the adults could then be used ag s sourgo
of plamme feom which particles couwld be purifield fox biophysiocal end bhiow

chenlcal chavooterisation and for fuwtheyr biocasssey oxporiments.



The tivee of wires wartwaated foom the plewsms of lovkeonis mlce ong be
spovensod by sepial possege in nowbom sadundo (Molonay, 1960),  Foon the
exponinend with GL5/0FS dosowibed in Scetion 2, 15 uon found thod powileles
wore most Poogoond in platelots end feeo dn the plowme of 88 doys and 42
dogn of bow Sle inosulosion of kitlons, aldhongh the porgentougo of platelobo
Ivwolved waa nllen thewn thal when wnbe weore Iancculoted with Holomoy lonlkoenin
yiaane WitR the oventuoald oblestlive of produelng o pavifled, concentoobed,
pool of pawticles fox powdicle ehavactordention and a pethogopesls expoeluount,
on attempt was mede b0 Ancrouse the muver of powiiclay praduced In tho

kittong end o entimots this by the oxaminstion of platolod peliotos

The atng of the peelloluney exporiuents dosordbed in this soebion vors

1) bo compave dhe eovdy cespinpos of kidtens do o £11%ode fnoonlum
SES/CEEE with Yheon slveady obporved Yo vaoals fxom Snoovletivn with

a peonmned cell-fee inomive GLS/GES,

2)  Ho dnwontigpio the coaly weagonse of odult onts o en dnooulum (L5/0ES

odecudy topbed I bBithonge

3;’1) to dipoovey whother L4 wos poosible o nedwenin purtliclo woplicakion
da sevded izz ange ool 40 oo vhsthor Inovensed pevhicle nembors wexe

presond I suodoesive PABGISGH.

M(‘f*‘i t‘. [’; BH e 3{)&.’3

1o Tnooudn

—— e e e

Py

{2} CL5/0r3 (Soe Soption 2, Metonipls cod Mothode)
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(b) GIo/ersy (Geld~fres mwiponsion £iixate)

(b) CLs/ersk (Coll-free susponsion £ilteate)

The atored 50 ml volime of CGLS/CFS was thowed ond was passed
thronga o ceries of Milllpove filters of porosity 6.0 n, 0.65 n and

0% 3 The flltrato was gtorved ob mﬁﬁﬁﬁ in 3,5 nl sligquotbs.

(¢) CIS/OINL (Cab lewkaonle virg 1)

Thisg inonulum was prepaxved from the blood of Inoonlatod kibltons.
Phres newbern kittong wero inoonlasted with GLB/CFS and each kition was
bled 8 times, ot 3 deys intorvala, stoyting 43 doys afltew infeatlon,
Blood sewples collecbod in IDEA wexe gpun at 1,000 x g for 10 mimmten
aﬁa the supornstants, consigting of plasme ond platelels, were sborad
ot -657C. A platelet pellet was obtained from 158 ml of the whored
material by sploning at 10,000 x g for 10 ninates. The pellet was vee
mgpendaed in 15 ml of the supernotant and bomogenised in a Poblor homom
genlgoxre The resoliing plamma platelet homogenate was made up to 100 ml

wlth additional supernaiant end the Linal suspension vwag sloved ab ~6§QG.

(a) g15/p2 (Pagsase 2)

This inoculun was & plagma plaielot svspenslon prepaved from pooled

bloods taken %G = 39 days afber infection of 4 newbora kivbens inoculated
with GLS/0¥S.  Approximatoly 15 ml of blood from each animul wore laken
in BOTA and the pooled sample was spimd at 1,000 x g for 10 minvtes. A
plm%elet pollet vap obtalned by spianing the supevastent at 10,000 x g fox
10 minutes.  The pellet vas resuspended in 30 nl of the supownatont and
the plotelets were homogenised with a Sylverson grinder ot half-spoed fow

2 minntos,



(e) gla/es (Pampase 3)

This incoulum wees o plosss platelet suspencion preparved fyom pocied
bloods taken 2% days afber infeotion of nevborn kittens with CLS/P2.
Too susponsion wes prepared in the seme way as OLS/P, . The inoculum

vag used at once and not gbored.

(£) @15/p4 (Bassase 4)

This inoculvm vas g plasma platelet suspeonsion prapsred from pooled
bloods baken 48 days afber nfeotion of nevhorn kittens with 015/P3.

Preparation and upsge were as desceribed for P2 and P,

2« Inomplation and Sveoimen Prewavetbion for Dlactyon Mieresoopy

Hewborn or adull cats vere incculasbed with one of the imoouln GLS/CFS,
CL5/Crsy, OL5/CLVL, CL5/P2-P4. Dlood semplos snd timeuo momples were bokon
feom individual animals ad verious btimes after inccerlation; iIndividual or

poolaod platelet proparations avd tlsmues wore prepaved for electron mleroscopy.

Ipeydment 1
The examivaticnt of blood platelels and tissues fron kitbtens inooculated with

the lovksemogenie btiseuwe flltrate OLS/CISPF.

Thyae nevboim kitions were easch Inoculated inteoperitonesliy with 1.0 nl
of the coll-fyee filteved incculuvm CLS/0FSF. One kition vas bled 26 days efter
inoonlation and a2ll three were bled 42 days after iufection. The four blood

ganpleos were processed individually do produce platelet pellets. Ona kitien

iv]
ot
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way seen to be dp exbronis ol 9 weeks and blood was taken fyrom thiz enimal
)g:r.-:i.dr to killlag, at vhiech time a sonmple of ampleon was cbbained £or olegtron
micyroscopy and samplen of spleen, mezenteric lymph wvode (wh:?.oh wes grosoly
enlazged) =nd bono manrow were talken Lor hislologicnl examinatbion,

Table 16 gives the wesulie of the exemimations end shows thet pacticlos
ware found in all 4 of the platelet polilets.

A% 26 days, pavrticles of hoth types wewe found In the vasuolos of plobew
lots from kititen 23 “Uypo 2 particles wers more commonly seen than Type 1
particies. Vo budding frem the exbernal platelet nembranes was obmerved hutb
o fovw platelels wewe noted Lo have pavticles bulddlng Inte vacuoless  Some
plotelets bhad wore than one vacrole containing & buddiog ox complete pawvtiale
and sone vacuoles contalned 2 ov 3 particles. Fige. 107 and 108 shov typical
exemples of the platelets from kivton 2.

A‘Is 42 days, particles were found in platelets from cach of the 3 kiltbenass
more partleles vero progent in ecash of these platelet sempleog then in the
pamplo obtained from kitton 2 at 26 days, A fow pa,risiclgr; budding from p‘,’flaybeii.ei;
surfaces and into vosunoles wers obaerved and oomplete pa:r?'i:icles,- mainly T,vi:e 2
weve sesn in vacuelee. Tn theso preparations Type 2 pariioles vere also found
freo in the inter-platelet spaces (Pig. 309).

The platelet sample taken from kibten ) at 9 wesks contalned many particless
mogt of thene were Type 2 and they wore found singly ow in groups of 3 or 4
in platelet vocnoless The exawninatlon of the spleen did not wevenl particles
in the mepgakaryooybes or udding from lymphoid cells; howaver, partioloes
vore found in the spleer blood plalbelats. Pariioles werwe also seon free in the
intercellulor opaces bub not closely eunough smacciated with individesl cells
or platelets to detormine from which cells they had boon produced .

Higbtologicel exomninailon of tlosues Lrom leltben 1 showed gome lesions



Toble 16

The cosogiation of louknanis vitus paridioles with
bloged platelets from kitbtens inconlated with a ¢allie
freo preparatlon CL5/CFSE from
the gpontanecus feoline lymphosarcome CGLS

Tine fron lucowlation o blood sempling ¥

s

N Kiiten | ) 26 dayn 42 doyn j
) 4
2 + *
5 +

4 deukoomis vivus partioles ohsewved
« 0o paryicles found

¢  Animald killed ab 9 vooks. Dleod platelots positive
and parilelos found in the nopleen.

12%
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which were sinilar to those observed In the fleld cases and which in tho
latier ware thoughi o be ovidonce of oowrly maligmawnoys in pazbticulay,
in the spleen, somo of the Valplghlan vorpuscles showed p povipheral
asoocuintlation of early lymphoblosts,

Yio fuvther cxaminetbions were wade of kitbtens 2 sad % vhioh werp toonge

forped Yo another cxpeviment onbwith the scope of this siody.

Di.gcugsio

- 2o

This prelininavy investigobion esgtabliisbed that tho Piltered ireculunm
CGLS/CFSP could induse effecty in kitbon platolets and tlesues similar %o
these produced by the nmwfiltored inoculum (L5/0F8; thwe, slaecs filtvation
dald not alter the capeaity of the ivooulum b0 induce porticle zeplicatlon
1% con be deduced that this ropponse was inltioted oither by o vious or by
a nop-particulate component of the Inocvlums The pororities of the Millipore
Filbers usad 0 propewve the loocuium were solocted o exbyaot cell debmis, bubt to al-
low lawge paviicles of approximsisely 100 w o pass through the £ilter do-
gether vith smaller particloc. Wo abitonpt wves nade to deteraine the size
of the acvive agent. It was 0ot possible to debermine accurately whethew
eypal volumes of the inocoula CLS/0FS and CL5/0FsP (devived fwom CLS/CFS by
£iltrotion) were oqually effective in induwelng particle veplication in kibions;
however, sinco pardicles were found in all of the CLS/CFSP inceulated animals
at the gsome Wimes as parilcles wvere found in the kittens inceulated with
(15/0Fs (see Section 2) i% cmm be doduced that Fildration did nob mavkedly
affect the copacity of the inooulum to induoe particlce pwoduchion.

Phe leukacnogonie activity of the fnoowlvm OLS/OFSH was not luvestigated

Wt 1t wom noted that the highologleol éxomination of tisgues baken from the
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kitien killed at 9 wesks revenlod changes similare to bhose obhsowved in

tispues from lkibiens inoculated with the non~filtored incculum CLE/CFI.

Lizperinent 2

TTCYD \ TS FPAAT LA Ly eI A PN VTR

The examination of bleod pletelote and tinguos Lfrom adeld cate inocculated with

CL5/Crs ox GLY/GIVL

Five healthy adult cate were bled to oblalan individual pre~cxporiment
platelet semplesi eaoh of 4 of the 6alte was then inocuwlated lulraperitonenily
with 2 ml of the inoculum CL5/O0FS end 1 cat ves slullavly ivoculated with 1 mi
of GLB/CLVY; 26 dmys after inoculation, individusl platelet pollets wexe
propaved from Hlood samples Lrom each of thoe cats end atv 39 and 49 days aftew
infection blood platelot pellots weve ohtaigeﬂ from oata 1, 2 and 3,

(ot 4 diod aceldentally et 26 days aftor the blood semple was tokens
oat 5 vas found o be ln exbtionis ot 15 weeke and ot that time a blood sauple
vas taken and the anlmal killed; somplee of gpleen end hone worrow vore obe
tained for clectren miowosecopy and for histologleal exominetion. Fo furthew
examinotions vere medo of vate 1, 2 or 5.

M examivabion of The 5 prow-exporiment bleod platelet pollets vevesled
no paxbleles in the plotelets or interplatolet gpacod.

Woble 17 shows that partleles wewe found i1n 3/% of the eaunimals at 26 days,
In 1/% ot 39 doyes and 3/3 at 49 days after incculabion. A% 26 dnys, only
o Yov pariilcles werve obgerved In cat 4, but pax.ioles wers found in cat 1
in the plateleds from which o few 5udding particles were socny Type 1 ond
Type 2 porvicles were found gingly in the platelet vacwoles in platelets Lrom

both oabe (Mg. 110)s ocab 5, inoculabed with OLS/CTVL,shoved puxbicles



Table 37

he assoglation of leukoomis virue porbleles with
blood platelets from adult cats inoculated with
CL5/CFS or CLS/CIVI

Gevb Tnoenlun Yine from inoconiatlion to bhioed sompline ¥
26 days %9 days 49 deya

1 GLB/CRS + ¢ - "

2 CLG/Cws - @ - >

5 A on5/0rs - . .

4 CL5/CES + @

5wk CLS/CLVA +

&

s

e

Joakaenia vivug particles obsexved
no particles found

Platelet semple token at 10 weeke almo 4ve
Animal Xilled ab 15 vesks and panticles found in the bone marrow

A proporatien from these pooled bloods inoculeded ifnio kilteuns
dnduced pawtlcle repllication in the kittens,

This sat dled accidentolly at the time of bHlood sompling.
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similae in type cod distribution to these fownd in cat 1. At 39 daye, only
a fay Typs 1 porticles were noted in ast 3¢ At 49 doyr, laovger aunbexrs of
particles than had previously bheea seen were Tound in the plaielet samples
from each of the calog in all thwee cats, Type 2 parbticles were found free
in vacuoles and bolveen platelotss budding inko vaowoles was seon In plate-
lote fxom cat 2, which had the greatest munber of complete poriiclen.

The exsminotion of the plateiat pollet and Hissuen teken frem oat ) ab
1Y wecks whowod complele Type 8 particlen In voouoles eand free bhotwosn plate-
lotg and in the bone marrow megakavyocytes. Yo paviicles wore sean in the
gpleeng the goctions exemined cowtained no megnkoryooyton,

Although higlological examination of gplesn and bone marvow from oot 3
showed reactive changes bthere wag no svidence of melignancy in these btilssued.

A soll«=free Inoculum was propawed from the poolsd platelets and plosma
feom blood semplen Lrom the catbs at dey 200 Kitbens inoculated wlth this
ghoved typical poxiticlos In platelets by doy 28¢ the numbers of psriicles
presont oppeawed to be simiipe to those found in kitbtons 3nocunlated with

the owiginal inocuiuwm GLE/CIS.

Disowsalon
The »esults of this ezperiment show that pariicle repliecation gen he
induoed v adult sats end dthat this could ho dotcoted in ob lesed one onimel

26 doys efter lwvooulations Ik neither this euzperiment nor 1n those using

kittens ware blood mamples taken earlisy thon 26 ox 28 daye after Inoccunlationg

thusy although at thepe times pardliceles have been demongtiated in both adulis
ond kitienn, 14 ig not lmown vhothee dirfevences of responpe existed in the

aarly posi-inooulation stoges.
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he reason fox the functuation betwecon "particlo.poaliive” and “peoxiicle -
negabiva” vocorded for successive examinations of swmples from eab 1, 1
not knewmy 1% 08 possible that thip Linding is appawvent rather thon real
ond results from the way in which the plabtelet exmminntions were made end
from the fact that the pereeniage of platelets with particles amsocilated
with them may bhave heen 0lose to the recogaltlon level for "particle.vositive®
clopeification. Altexmeblvely, this vesull way rofleet peal veriations In
particle munbers present at different timas after lncculations

Sinoe the aln of this oxperiment was to exmmine ocarly regponsesn in cato,
the enimals were not retained fo determine whether the particle weplicatlon
phage was Lollowed by the dovelopment of lymphogorcoms.  Howavexn, the
animale were bled several times between 49 doys and 10 weeks in commecilon
with exporinents not deseribed heorey pavrbicles were demongivabed in the
plateleta at all times during this poricd. . In the snimal killed at 15 wecks
the platelol and bone moxrovw examinetlions choved particles gtwcetorally
identleal end similarly digiriboted to the partlcles found in kitten platoe
lots and tissuwesm. The veachive changes cobgexved in the spleen end bone mareow
fzom this enimal wereo simller to those seen In some of the kittenn inovuloted
with the same inocuvlum. From this preliminery investigotion, 4t would appeae
that whethor or not the incewluwn GLS/GFS wes lovkoemogenic, duriag the post
inoculabion period of observation 26 days to 15 woeks, the particle proe
duction Jn adullt aniuals vas gimilar bo that in kittens et tho same tines
after inceulation. Until the relationshlp bebveen particle replicatlon and
tumdar development ig undematood, the sigaifloance of *this obmerveilon,

povbionlerly in relation o latouney, conpnot be ssogessed,
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To thiv experiment no abbenpis have boon wade to extroct payiticles Lrom
cat plapmas howevey, Irom the platelet pellet oxamivobions it wag clesr $hal
perticles were present In the plaswe end o plasws plateled pocl wag collgobed
and stored fov later examivetion ( the method of ecollecting and storoage is
desoribed in Section 5).

Thus, 1% bas heen shoun that 5 genetleally wnrelated cats, in whiech no
particles wvare Found bofore incculaticn, were shimplated bto replicate paxticlun
vhich weve strecturally identicel to thuge seon in kittens med that an
dnooulvm depdved from the cats was capeble of Indueing kittens to repllicatc
particleg. This lotkter vesult indlaeled that it wisht be pomsible (o caryy

out a coexial passage expendmend.

733 yay 2 2 @
Exporinent o

The oxominatlon of platelets and tisoues from kitbons from 4 serlal possogon

with perilolesgontaining Invouls.

Romults

Table 18 summaxiges the procedures for pnd the resulbs from the sorial
pasganea. The peosoge ves Indtiated by inocounlating sevoral kitbtens with
LQLS/0P8 and Yheoroefterw the passage was meduntoined, asg ;i.nd.ion'taﬁ?hy inooulating
leittens or ealo with plasnssplateliot porticolascontalning preparvabions Tyom
kittonn of the previous passage. It wag fomd that charsoteristic leulasenis
virua parileles werve prosent in all of the pooled and individusl hlood
platelet semples daken from oach of the papsages. Parbicles vere also found
in oll of the tlgsueg exemined with the excgpbion of the spleen speciucn

obinined from o paszage 2 hibten 13 weoks aften inoowlabion (Figg, 111 -~ 115).
B
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Solle 3

The associatlon of leubeemia vivus pavsicles with bleod

plateleola and tipavos from pansage kittons and ool

Mine fyrom

Miinais Pyoa of Bvidenos of poarticles
Pagwome Py Insoulan Inoculatlion S , o a o %
Inooulabed 3o sewpling Homple  in duonuloeded andupio
1 Newborn CLG /0 36 dagye Pooled Plavelots +
kittena hloods
46 days Pooled Platelets +
bloods
A7 Gays Tigoues Tone mowrow +
Lrom 1 Spleen +
k8 then
2 Hewhorn CL6/p2 54, dpys Pooted Flatelets +
kitions bloods
42 dayrs Pocled Platolets +
bloods
13 vogks Piosue Spleen =
from 1
Iritten
14 weeks Tismue Bone marrovw +
from 3, Splecn +
kitten Thymueg +
3 Heowhorn GL5/P3 %5 dayn Tndividual 2/2
Kitteny blood Platelet
pamplen Somplas +
from 2
kittens
2 B week CL5/P4 28 Qayy Tnddxidual 5/5
ol hlood Platelot
oabe aamples Seples +
feom 5
kitteus

% 4 leuksenin vivus paxiicles cbserved
~ no parbicles Lound.



No obvious dlfforencey were noted between the numbars of particles present
in the plaoselets in souples dakon ot compavahle times from the 4ifforent
posanges:  no quanbtitetion was atiemphed bl 1% appeaved that approximately
the same proporilon of poarticle apacolated plateleds wap fouwnd in each of the
gomples taken at 35 doys in possage 3 as vas found in the somples; taken at 36
days In passage 1y and at 34 days in pacsoge 2.

Pable 19 shows The predominant types of povbicla pwesent in the indlvidual
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and pooled platelet peliets; budding paviicles were seen In very Lfew proporatlons.

Tho sitesz at wvhioch particles were meen ave alge vecorfed and it can he seen
ihat partioles vere observed hoth free and in plaltelet vaouonles,

A1 of the young aduli cats inocnloted in pessese 4 showed plateleb
particles ot 28 dayg, One of these avinals dicd immediately after the blood
oanple vag boken. The aninmgd had been in good condibion, beight ond eating
wolle A% post-morsem the mesenieric lymph nodes wers gropsly enlevged snd the
poriphaeral lymph nodes wore also enlavgeds the spleen vas net unweually lavge
bt the ovl swelace showed prominent Malpighion corpuscles typically seen in
gapcs of sporlancons lymphogarooms. Tho liver and thymus wexe gropsly involved.
The pount-morten findinge supgested o dlaguogis of lymphosarvcoma; histelogleal
examination confizmed this diegnosise The 4 other cats werve killed duxing tho
outbreak of pmnlevkoposnla 12 veeks alter inceulatlony none of those anjwals
had shown ¢linleal algus of Iymphosarcomn; no post mortom eramninabions were

periomed and no moterial was token for higltological examination

Thisg experinent has estoblished thot pertlclescontalning inooula covsleting

of plasma and platelets from invculated kitbens which have not doveloped
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Table 19

1

Types end sdtes of powiicoles in pooled and individual
preparvetions of platelels fron passage kittens and cabno

Tine fxom inolatlon Puodomdnant typos

“\c.— g -l.:_ ,--’M."
to sompling of particle ¥ Maln sites of particles
1 Z 56 doys T/ froe and in vaenoles
46 deys i /i wltiple ia veenoles
2 $ B4 doys nafEnin freo and in vaouolos
42 Qaye N in vacuolog
3 (1) # 55 days /N free and maltiple in
vaguolen
(2) 7 # /N f£roe and mulbiple in
vacueles
4 (1) # 20 degra g in vaouoles
# .
{2) " W/ in veouclen and £reo
(3) # U ' W in vaguoles
{4) # " it in vaeuoles
{s) # " V/E in vacuoles ond fooe

% MM o~ bedding particle
T - trlple=nembraned « Typo 1
¥ »  electron dense npeleoid -~ Hype 2
d =~ pooled somples
4 « individuel kitiems or oalge.
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Tywmphosexcoma can laduce particle replication in nevbown kithens and young
aduly eate sindlar o thot induced by inoculs derived from fiold cose loukaewic
bigaues,

Ho obviove Increase in partiole wwmbevs vith possogs was discerned. I
wvoe esbimated that in nost owsminations approximetoly 1% « %% of the platow
late vere involvedp +thucs the »epponse was aimilan to that obaprved in the
oxporiuents vith CL5/GFS and CL4/CUS.

Precloe parblolo tliratlon oexporinonis ewve weguirved o cgbtablish cone
slusively uwhether ox not pavticle tidre has baen inocveased wlth passago. Thoe
aotivity of a murine leukaomic virus inooulum is normally assessed by blooucey
(Moloney, 1960); ofton o spleen colony aspey is uped to eompsre inoculs
(Pimgink and Snobs, 19645 Axelrod znd Steoves, 1954).  In tho present
axparim@ﬁt with kitlena In order to aompere the perticle titre in suwecessive
pagsages 1% would heve been necossexy to infect kittens with gtandavd doson of
inooula properved from poseoge kittens In o ataudewd way and to quantitate the
particle peoduction In the inoculated kittong at & given tlmes; large numbers
of Jkistons would heve been woguized for this expeviment and thosse vere not
avallable. Whuey since no ln vitro tests have yob boen developed the pariiclo
titres in successive pasmeges could vod be gompavad.

In the murcine ptudlon, Inorvepged titre of wirup oficy sorisl yoasisage
wan domonstroted (Moloney, 1960), but no exmuinations wowe mede of platelets
snd blasues. TE 1o possible thet a highly lafoective populatlon of pawbtlelos
in peleated duwving the process of pogsage, Tho rooull of the pessozoe 4
erpovinent, demonsivating parbicles ia il of the onlwals at 28 daye suggesin
that the vemsponge of thege aftulis to P4 may have beoen greater thom the

vesponge to OLS/CFS of +ho atulis in Expeviments 2. Since the aduwlis in thio
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gxperinent wove 8 weeka 0ld and those in Brpowimont 2 vexe 6 months old, %ho
diffexences in responsoe may be duc o the age of the animals vather thon o
diffeveoncos bolueen inconln. IHowever, the histolegicnl dlagnosis of Lyinphow
sarcona in one eniuel of this experdment at 9 weeks muy indicato a sigalflecent
difference betwsen the incoulun P4 ond other non-passaged inoculs.

Sinee the nuiber of particles por dese of jfnoouiun vas not noun for
any of the inocule ULS/CFS, PR-P4, no quantitntive comparisons cowld be mede
betwoen the vesponsss obacrved in tho anlmalg in the 4 possames. The veosulis
of the sreminations seem do indicate thal thewve were no gualivetive differencos
betwaen gucoessive pogsagesi both types of paylicle and hoth intravecuwolaw
and feee pavtlcles woxe observed in all of the pasvages, vhether or not
paosage increased the pavticle Litro.

The iacculeted kilttena and ¢ats provided a sourge of pavticles: plosna
end platslets for storage swd subscguent lnvegtligation vere obtained fwxom the
omninels cach time platelet ox tlosme samples were propaved for oleotron
micrapcopy, Phus, e pool of platelels and plasme was obtoined snd 1t was
eatablished that each sanple sdded to the pool combained pevticles and vas
aapable of Indvoing porticle vopliveblon. Abtempbs o loolate and purify

paptlcles fwrom the plasma~platelet pool are dopovibed im Seotlon H.

The experincnts doseribed in thie seotion have shoun that o filtered
Inogulum can produce eorly wasponges du kitten plateleds end tlsoues slmilow
to those induced by a non-flitersd, presvmed sell-free inoculum, that ndall
eats con vepllcate pavhicles and that povblele coplication cun be laduced in

Iitbens with incoula derived fron lnocenlated, nopwlevkaenle animals,
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seation 4

Replication of faline leukaenio

vivases in tissue oulbuve
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ITRODUCTION

In o vecont publicedion, Bolron ot al. (1967) have extensively weviewed
dn yitro fuvestlgations on murine lovkasmis vivusos. fany of ‘the aunine
viruses have been sugeessfully grown in tissue oultures both ouliures of
calls takon from Inooulated mice and ewlbtuves of normal mouse cells Infected
with nmuring loukaoenis vivuses hove beon shown 4o alley the viruses to roplicato.
The viruses pwotuced in dissue oulture ore morphologically indistinguishable
from those found in the onimal tlsanen and plasme; thoy bave beea shown fo
e infeciive for mioce, although piudler with tiseve wvuliurve grovn Rewnchen
vimg have shovn 1t to hove o doerensed leouvkoemogenic actividty in gomparison
vith plemme derived vizas (Lévy et ak., 1966).

Molignent tyansformations caurged Dy murdne louksenio viruses have boon
reported (Osato el pl., 19663 Toechsm and Beruick, 19603 Sinkovieks of ale,
1968}, but bocanse the leukeemia viruses produce no ghorb-term eybopathic
effect or vransformation effect in ewltures, indirect mathods have o bo uped
to detest the virvusass The most frequently used methoedn of cgtablishing the
praesence of virusos Iin the ouliures hove beea blosssoys and c¢lectvon micvuvscoplc
exeninationo of seotioned tlssue ouliure celle or of negabively stelned ewliure
fluid extracis; f£luorescent anbibody tochniques and the complement Lixmation
toat have also been used 4o detect murine leukaenia wvivuson In viteo
{Dodron et pl, 1967).

Studios of vinus-produsing bissue cultuves in vhioch no cell traneformation
toakes ploge have so fax contributed very Little information tovavds the uwnder-
ghonding of ithe lewkaemogenie process in snimnls; however, such culiuresn do

grovide o gource of wizun from vhich lavge quantitlos can be collected over
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g poriod of tine avoldding the neosaplity of killing animels to obvaln swelld
yields of viruag, In studles with the feline Iymphosorcoma extracts the
diffionlty of obtaining large nuabers of kitiens and the copt snd gpoee
invelved in maintalniep them made 1t of parviculan lmporizace to discover
whether the psybicles in the donor animals wowld replleetbe in jissue onliuro
and &t would be possible to establish a paviticle~producing system from which
particlos could he purified for biophysicel and biochemicel cherzetenisations
The aimg of the preliminayry investigetions deseribed in this section

WTEE o

le to dlscover whothor a spontansous fellne lymphosarcoma derived inoculiuam
aould induee bisane eulinre celle to xeplicate lewvkaemia viras paebicles

glmilar to those which were found in the donor eata.

2, 1o gompave the offects of different Inocula devived from 3 field cases

of oab Lyaphosorcoing.

HAITRIALS AND  MBIOns

(1) DBE godln

This cell line vas depived fvom combined splegn, thymus, liver,
kidney aund heart from newborn kitvieng. The oolls were grovn in B oge
bottles containing 14 ml of Tagle's mediuwm supplemonied with 169 tuypiose
phogphate broth and 10% foetal bovine sorum ov in 50 mm. plastic dishos
with 4 ml of mediwas The calls wore fed overy 2«3 days and suvboulturoed

overy 4«5 dayse



(33) Fh gells

This ooll line, derived fwom tha Llongs of kitten embryon, was
obtalned from lr. K. do. 0'Reilly of the Wellcome Resesxch Laba.,
Beckenhem, Slarting fron a monolayer oculdure of the celly in theiw
40th passage, the cells wore grown in Psgle's medium swpplononted with
5% foetal bovine mevum snd the enliure ves maintained in the mame woy

as the X oculituvo.

(111) Coniwol culbupen
Uainfected MK ond ¥l cultuves wowve mointained in the sawe vey an
the infocted MK and FL culbuves and cells wepe harvested from them in the

gane wey and at the pame timeos as from the infeated onlturos.

Re  Jnooula
WK and FL tissve oulluzen wore infected with luocula CLES/C1S, CLAJCFS and
GL3/01s (Seotion 2, Moterials omd Methodo), CLS/CESE (Scotion 3, Materials

ond Methods) and also with the fellowing inoculum.

GL5/0LVS  (Cat ieoukaemle virus 5).  Pour nevhown kittens wewe lnooulated
with a plesna platelet preparetion from 3rd passage kitbons (soe Table 18).
The enilwals wexe bled 37 days after infection. Approximately 15 ml of bileod
from epoh animal weore teken in FOPA and the pooled sample vas spun at 1,000 x g
for 10 minutes, A platelet pellet wng oblained by spinning the mupernatend
gt 10,000 x g for 10 minutes, The pellet vas rosugpsnded In 10 ml of the
superpatant and the plaoieleis homogenised with the Sylvevsmon grinder at halfe

gpeed for 2 minutos. The suspension wag stored as -6500 in 1 ml adiquota.
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ATATICAR ey

lpberials and Hethods

Hach of the % WK culibures wan infected with opne of the Inmocula CL5/GFS,
CLA/CRS and GL3/CRE .

Te 20 ml of a suspension of NK oclls containing approxinately 2 x 106
cells /ml wore added 3 ml of the appropziebe inoculwns The cells and
inoonlum wewe mixed for 2 houra at voom tomperature, thon the cells were gpun
from the mixture and romspoded in growth mediun and grown in 8 oz. bothles.
Cells wore hoxvesbed from each of the infected culiures at 4 o T doys and of
11, 15, 20, 25 and 29 doys afber incoulatlong cells from the control
oultures weore harvested al the same times. Fellebs of vells wewe prepared

for sleotron nioroncopy

Table 20 sunuarises the resulits of the examingitionss Particles vexe
found in the culiure infected with CIS/CHS and the culbure infeobed wilh
CLA/CTS, bub nob in the enlinee infocted with GL3/0FS ox in the conirol culiuza.
The ecarlicgt times at which particlens were ddentifisd were o4 1l days alter
inoceulation for the CLS/CFS infectod culbuwen ond st 20 daye for thome

inoculeted with CLA/OPS (Pige. 234 - 119).

le  QLS/CES iafeobed cultuve

Seotions of the pellet of cells hawveasted aftor 11 doys' Iafeatlon with
GLS/CFS ghowod typiesld Type 1 and Type 2 porbticless Tn extwacollular spaces,
the particles were wpresent singly, hut not in groupss particles were not seen

in intracytoploomic vacuoles. Whe mojority of the fully formed pariicles
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PTable 20
The appociation of leukaemia virus peridlclos with MK cell

cultures infected with blssue extrecis from 5 cases
of ppontoveous feline lymphosarooms

 Mme from culbure infection to cell examination 4

nocuiua 4 days T deys L days 15 deyn 20 days 25 doys 29 dayo
CL5/CE8 - - > " " "
GIJQ/ I - - Poge o -+ KR
CL3/0TS - - - - n -
Uninfecsed
conbrol - - - - - -
culture
# +  loukasenia virug parvicles identifiied

P4 vilvus~like partlcles Found
- 1o perticles found
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were Type 2 parbtlicles end ap in the tilsste sectiong shoved grester varisbions
in thelr dismeten mossucoment than the Type 1 partisle; ibhe mean dlametor of
the particles was 110 np and that of the nuclecid wad 65 mae  Mewmy of ihe
perticles had weinkled and ivvegular externel membrancs and cocontelcally
placed mieleoids. A very fov partifleos were geon budding Tfrom pliagng membrenos.
At 11 days only o fow of the eells examined hed particles ssaociated
with thems The type of cell produclng the perticles could not he Identified;
all of the cells in tho sectlons exonined elesctron microgcopleslly vere lavge
with lawge nuolei vhich had coarse, highly osmophilic nucleoli; the cytoplasm
wag very spavee with degenvrating mitochondrian, vacuolos snd granules of
variouns shapos and sizes in o metelx of fine fibrils. Showt wirands of
endoplasmic weticnlun and Golgl reglong could bhe veon in gome cells. o
chovacterigtic morphological differsnoes could be disgerned bebwoen tho colls
in the infected cuwliure and the normal control culture cells. Betuson 11
and 29 days the 1n£ec%ed calle ghowed Increaning evidence of degeunsratlon
and the control cultuve chowel slmilax ohangog,
Inovsasing wmbers of portlicles vove found in the pections of cells
taken at 15, 20, 25 and 29 deys; morve budding paviloles vere geen, partieularly'
ab 25 and 29 days, and sgome cells showed multiplc bude foxming along o shord
length of plamma mombrones A% 211 of those himes there weve many moxe Type 2
rarbdicles than Type 1 particles.s At 2% ond 29 days, compoot groups of 2 - 10
particles were found in extrvacellulaw gpacess lerger diffuse groups wore

aleo seen. o particlen were obgeyved In intracytoplasmic vaouolos.
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2y CLAJOFS infected cultvre

Apart from o single viruoslike paviicle scen in an ilantracytoplesaie
vaouole, at 4 days, no pariicles vere seon in the cells faken 4 daye and 11
days after inocwlaitlon. A% 15 dayy a few vivus-Like parbiclen were seen in
the extracellular spaces between collss  the pirusture of those particles wog
not eleerly encugh defined %o enable them to be posibively identified au
lavkacnia vizueg particies. Charvsoterlstic partieles, mainly of Type 2,
vore found sseoelated wiih the cells harvesbed abt 20 daysy in Inbercellular
apaces, perticleos vere prosent sinely and v mmall groups of 2 - 3,  NWo
budding £rom mowbrones wvas observed and no pavticles were found g vaowolos.
Laxger nmumbers of perticlern were found at 25 deys apd 29 days; ab 25 doye,
some budding prreticlen were scen, a fov Type L paxrticlen wexo observed, bub
the nejority of the pavéicles wvere of Type 23 ol 29 days thoe number of
particles peesent wes similor o that found at 25 days awmil the clegbrons
dense mwcleold fown predomincted. AL hoth 25 daya end 29 days, extracelluler
groups of from 2 to 7 particles wexe found but no powiicles were found ln
intracelluiay vacuoles.  Budding psrticles wowe infrequently observed. A8
with the CL5/C¥S infeoted cells, no speeille morphological featurves were foumd
associated with parilcle~producing cells. The general moxphology was
similaw to that in the condwol euliure snd in the CLS/CPS infected culiure end

showed extreme degencraitive changes at 29 dayn.

3¢ BL3/CFS infected ouliuve
o particles were seon in any of the prepavations from the GLE/CTS
infected culture. The cells in thile culbture wore similarm o {thoge previously

domeribed in the othow culbuweos.



Bxporiment 2

Moterdnls aad Mothods

AL

Each of 2 FL cell cultuves vas infected with one of the inocule QLS/CLVS
end GIS/CRSR,

Honolayers of PL cells in 8 oz, bottles were lufeoted with 1 ml of the
appropriate Incculvm diluwbed 1 In 4 in growth medivm. After 5 hours of
Inovbation ot 3708 the inoculuwemediwm mixture vas replaced by fresh medivim
and the coells vere grown in Tho usual manne®.

Calls were hayvosted at T days and ot 14 days ofter dnooulation and
conbrol cultvre oolle were harvepbed ot the ceame times. Pollets of cells

were prepared Lor olectron mloroscopy.

Pable 21 shows tho rosults of the ocxeminntionn. Mo perilcles were obsedv
sn oelle fvom the contwol culiuve (Mig. 120). Virus~like paviiclen were peeu
in both infeotod oulbures afftor 7 da&m, but the parbieles were not muffiolently
woll defined to ch&r&ctarisé thoen as“iéékéemogenicwﬁype pawticles, A% 14
days, however, leukacmisn vireus paviicles wexe epsily found in both onlturos;
the silze and moyphology of thoze perticles were typical of the wmuring leukoomoe

genie vivuses (Wigs, 121 ~ 128},

1. CES/CING Infected culibure

&b 14 daye therve was pome evidonce of parbicle budddng from the plasma
membranens come Typs 2 porticles were meon bul the mojority of particles
wore of Type 1. Partieles were found singly in intracellular vacuoles and

in extyacelliular ppaceu.
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Table 21

The associgtion of levkaemic vivas pavticlenm with PL cell
cultures infeated with o passage kiltten platelet prepavation (CLS/CIVS)
ov o filtewed lymphosarooms extract (CLS/CYSF)

Time fyom oulinree infectlon to cell exemluation *

Tunooulum T doys 14 days
OL5/CIVS P +
CLS/CPSE Pt !
Uninfacted
aontrol - "
cultoye

* 4 leukeenmis yvirus porticles ifdeatlified
4+ wivues-like pariicles found
=« no pavticles found
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2 QLS/CESE infocted euliurg

At 14 days mony parbicles werae found asscooisted with the colleg
groups of perticles weove found la exbtracellular spsces and peoy the coll
surface intracytoplasmic veoueles were seen conbalning one porticle, ory
legs frequently, two pavtleles. Both Type 1 and Type 2 parbicles wore founds
some of the formew type of partlcles had a "coabing layer® on fthe external
membrane.,  Bodding pordicles wore obsevved at plowsna membrenes and
oogasionally in intvaoyloplesmic vecuolos.

Ap in the pvovious expeviment, no movpholeogical features weve ideallficd
to distinguiah the cellz from the inflected euliture fpom those of the conbrol
culinre, nox the parvicle~profucing cells fxom other ¢ells of the infectod
cultures The cells in the contzol culiture and in both of the infested

culiures wore gonerelly eimllar 4o those of the WK cultures.

Bxpeniment 3

Haterdals ond Mothods

A oulture of TL ¢ells was infected with CL5/CNSP and the infoeled cells
were m&inﬁminod.in tlasue culture for 37 daysg.

Po o monolayer of Fh ¢ells in v 4 ow. boltle vas added 1 ml of CLS/CHST
diloted 1 in 10 in growbh mediuvm. The cells wore lucubated ok 3?06 fox
24 hours afver which time the inosulunm~modiom mixture wos removed and row
placed by frosh growbth medium. The ouliuve wag malntained in the weval wvay.

Cells weve hervested at 8, 15, 22, 29 ond 37 doys and eells from conbrol

cultores vore harvested at the szme times, Pellets of celle were prepared
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for elechron mioroucopy.

osnlta

Ay e D T

Somo vaddenitilied techunical srror in the prepavation of the ecells
havvegbod fzom the infected culture at days 15 and 22 remulbed in the ecells
being insufficlently well progeywved for periicle exeminotions; thus, infecled
calture vells were oxomined at B, 29 and 37 deys only.

Toble 22 sumnsrises the rosulbs of the oxaminations which showed vovticles
fxrom 8 days in the iofected culiures and no perivicles at any time in the
gontrol culiuve (Fige. 129 =~ 132),

A% day 8 the infected culiture contained large numbors of perdiclen and
moat cells hed particles sgsociated with themg growps of partleles wevo found
extracelinlezly. Some bhuds wore seen at soll mombrones and complele parileleg
of hoth types were oboerved noar the ooll surfoces. As in the veoviovs
oxperinents, Type 2 particles veve more frequently seon than Type 1 panblcles.

A% 20 dayw, vewy lenge groups of Type 2 particles were foundi the
partlicles were excluslvely owiraceliuviee; budding wasg xare and Pype 1
particles woere obporved very infrequently.

The fiandings at 37 deys worve sdmllar 4o those at 29 daysy the numbee
of particlen present appesred 40 he of the same ovder ot hoth exanination
times and the predoninence of Type 2 particles and lnfregquent bhudding seon
at 29 doys were also noted at thils later time of exeminotion. The morphology
of the collz in both the Infeoted and control culiures was similer to thod

geen in the previous expeorimentd.



Jlabla 22

The ssseciation of loukaemia vivus porticles with FL cell culturos
infeeted with CLS/CVST and meintained for § weoke

Timo from culture infection to eell exumination ¥

Inoculun '
8 days 15 days 22 daye 29 days 37 days
CLE/CrsE " @ ) + +
Uninfeoted
control - - - # -
oultare

4 leukpomle virus particles identified

- 1o particles obseyved

poor fixation of celis: no exenination pogsiblo
no oplis for exanination

S =
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DISCUSSION

These experinento have shown thot exiwactn from lewksemic tlssuee fyom
caty wvith spontonoous foline lymphosarveoms covld induce cells in bissue
culbure to veplicate loukaeomla virus particles aimilay to thome which were
Found in the donor cats. N

Particlos were easily identified in the ouliuren infected with GLS-
and Cld=~derived inooula; the particles were moxphologically tho same as
thome found in tho leukacmic donor tismues snd in tho inooulated kittens
studied 1ln the oxperiments described in BSeotion 2, The geme twiding procses
for pariticle production was obsexved in the cells iun culture as vas geon In
the ju yivg studiems The Type 2 porticles varied considerably in size and
had o mean dlameter of epproximately 110 mu. The sawne type of perilele
seen dn tissvue section had o mean dlameter of 100 mp. A plmilar observabion
wos made by Zeigel ot al. (1966) with Revscher viwws infeoted enlbucep. The
wotlo of Type 2 particles vo Type 1 pariicles was wuch hisher in the in vitro
oxeminationa then in the tiasues from field case calbs or from experimentol
kitbensy budding pariicles and Type 1 particles vere relatively difficult to finde
Somo particles showed o "coabtlng loyer™ secn on the pariticles ian the in vivo
mtudiesgﬁ this hos aloo been domonslrated, without commenty Iin siudies of
nounse lenkeemio virug-infected enlivres (Buc-ﬂguyen,ggeg;., 19663 Hall ot ale,
1968). The general findines of the exominations of the kitlten culitures axvo
sinilaw to those with the mouse onltuore described in the seetion denling
with preliminary invesbigationsy move porticles were present in the 8 wesk
egtablished monse cvlturs than were soen In eny of the kitten cultures

oxamined.,



Both of the coll culdures, WK and FL, could be stimlated to produse
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parbiloles; no attonpt vas made o quentilnte perilcele prodvoition ox %o discern

vhether the WK and FL sulitures vere equally effestive in produoing pariicles.

T4 wog noted that in both oulbure systeoms degencration oseurred in the
conlrol and in the infeqted collpy pavticlicos weve found budding from dee-
genexabing ecells In the ouliuwe inoonlated with CL5/CFS or CLA/CETS.
Morphological chovges asgccliated with the infection of mouse cultures with
Rauncher vizus have been domoribed by Chopra and Shibley (1967) avd by
Tyndall gt al. (1965)s no speeific celluley changes wore noted in the ine
feotod kitten culitures.

In aurine mtudgos the period hotween the time of infeption snd the
oppencaace of parbicles was found by Chopra and Sibley (1967) to bo approw=
smedely 10 days for Rouschew virus end by Osato gt pl. (1964) to bo 5 dayn

for Feiend vivus. By.compariscn)%he vegulbs with the inoculs GLﬁ/UFS.an&
CLA/OTS puggest that the particle Sitres of the cet-derived incculs wore of
the oame oxder as the vimue tltres of the muwine inoewls if the mates of
particle prodwotion weve the some. o

Llthough exsminatlions were made for a limited porlod only 1% wos
ovident thel the culitures responded diffevently to caoch of the 3 inooula.
OnL5/CFS8, CL4/0FE and 053/CF8; whevens lnfection with either of the fiws
two induged pavridicle weplicaitlon no particles were azeem In the culiuves
infoched with OL3/CF3, The experiments testing these inoculn in vive
(desoribed in Secbion 2) also showed that CL3/UIMS wes either quenitltativoly

or qualitatively difforent from the other 2 inocula. The demongbration of
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the effectiveness of the 3 ClLi-derived inotule t0 induce particle veplication
da vitwo sgwees with the Lindings from in vivo experiments described in
Sootion 3 (Pupevimenis 1 end 3)3 Jn pavtioular, the £iltrato inogulum,
UL5/CFSP bap been shown bo induce partlole production in vive and in vitro.

No particlos were obeerved in the control euliuvesn. In studien with
mouee tissue oulture lovkeemle vivuses have been ohserved both in normal
cultures aand in cultures of malignent buil nen~leukasmie tissues. Kindig
and Kirvaben (1967) listed several invesbigations whioh hod shown dhis and
thoy themmelves showed typleal pavticleo in 6 lines of murine I cells and
in one 1ine of wurine liver celle, but neither in conbrol (38 or Swiss
povgc embryo culbtuvaes nox in the estoblished 53 murino line duwing o 4 ~ 6
month perdod of examinations Uall ot als (19672, b) have alzo shown partioles
iu mony ocultures of novimal ond nonelevkoonic tizeuwes, mome moinlained wiih
chenically defined mediag gsome of these cultvres wndervent spontanecus neow
plapbtic chonge. All of these culiures had beon meintained foxr long pariodg
(10 monthe or more) before exemimation. As yeb, kitben cultuves have not
baen gbudiod for pexiods longew than 9 weeks, bul in the lipght of murine
ghudies the posslbility must be considered that the uninfected kivion culturves
contodned particles activabed by the lnooulss however, since the differvent
dnoonla produced different regponses 1t meems more probable that the pariicle
repliontion in the kildten oultures was dlrecily attributeble to the particles
in the Inocula.

From these expeviments, it Is olesx that inooculated btilssue culiuvres ocan
provide a sounce of partlclesi such an ln vitro system, free from the

problems of obbtaining kitiens and the oxpense and space requived for maintaining



themy, could offeor o stondordiped method of produoling parilcles for hilow
physical and blochemisal charasiorication.
Abtempts to demongtrate particlos in tigeue culiuve £1luid collected

ferom infeoted cultnres ave desoribed ion Seciion 5.

Hote

Subseguent gtudies with the sane inoceuln and anpther feline embryo
enlture have shown lazge numbora of pawticles pssosioted with cells through
45 days and 10 passeges (Fig. 135)s Kitdens have been injected with en

inoendun dovived from btlsmue oulwvuve flulds This experiment ls designed

to discover vhether or oot the Limsue culiture derived pavticles will replicate

In kibiens and to test the leukemogenicity of the imooulwvm. o leukeemias

have developed Guwing the 2 monthe poriod sinece lncounlation.

SUMMARY

The veplication of loukeemia virus partlcles has been demonstraved in
tisone culitures lnfected with inccule devived from 2 Lield cames of feiine
lynphosoreonny the parbicles were morphologically identioal to those seen
in the leukoemic tissues from vhich the inocule were dewived., The results

of these exyerimenis ave similay %o thowme oblained with wmurine lowmenis

viviges grovn in ouliure.
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SBeetion Y

Attempta $o jeolaite snd purify lovkacmia virus perxtielen

Pron foline btissues, blood and sissus calbures



INPRODUCTTON

Pox the bilophysienl and bilochemicel characierisablon of a virwg it in
nevessory to have o purificd, concentrated pool of the virus.

The three sourvees from which such pools of muxine leukeemia wivas hove
boen obtednod ore (1) leukaemic bissmes from vimseinoewlated mice or Tabe
or from migo with spoutaneous levkaemin; (2) plosma fwom inoowlabed mice ox
roby in the prelevkeenic or the leuksomic phose, or from loukaemio mics which

have devoloped the diseano spontencouslys (3) iissug ovlbures of movse golls

in vhieh the virus is replicoating.

Bach sounae has cexlnin sdventoges and cerinin disadvanitages in pwroviding
starting material from which to derive o viwus pool.

The extrection of viruges from leukaemie dispuow iavolven freelns the
viyusés fron cells within vhich theoy might be present in vacuoles ox o which
thoy may be adgovbed, ond at o laber stage separoitivg the vivupes from tho
colluice debris produced in disintigrabing the cells 4o froe the vivvsesns
the gomponents of the celluler debrla which Ils of approximately the sene sive
andl buoyant deasity ag the viruses presonts a contominont which it lg Aifficunlt
to wemove from the vixus pool without sevicuvaly diminighing the virug tilyo.
Henachor and Allen (1964) used coll-frec consentrotes of louksemic wmouss epleen
to obtain a virns pool for bilonssay., o eleotron micvoscope exeminatlong wore
made go the mowvphological homogen:i.city of tho pool wag not detormined,

Chicken loukosis virng can be recovered from plesms and puvified (Shoxp
ok oley 19523 Vonav ol ely 3963). Thip finding Jiogather with the observation
of Dalton gh gl (1961) that moune levkacmin virus wes present erxbracellulesly

in pintelet prepavations Jed to sttempis being made to loolate murine loukeenla
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vizus from plosma fron vats and mice, Like leukaemic tissuom, plasws provides
o natural source of vivus by compariecn with in witro sourcess however, large
nunbers of xwave and even largor numbera of mice ave regquired so obbtoin enonga
plasme 0 prepare a large pool of virus, Twenty to twonbysfive mice were used
by de Hevven and Freiend {1964) in ono expeximent; mice wore chopen in oweferense
to Inoonlated yobs since ln de Hawven's experdments (1965) it was found thot

the level of vivsemio varied consldowebly from xat to ot and conpequontly that
a pocl of ¥at plosma would provide s non-homogenoous nomple. Nalton of ale
(1964) used inceulated rats to obiain plasme virus for morphological examinetion
bt no bileoassays vere porformed,

Hissue cultures producing viruses and weleasing them ianto the eulbure
nedinm offer o coxigtont acurce of wvirusy virus cen bo harvesbed sand purified
with less AIfficulty from this gource than fywom bipsues or plasmn.  Howeven,
the bSiaggue culturve grown visuses moy differ blophysically, biochemieally ow
biologleally fron those produced ju vive and this possibllity must be conglidered
in oll analyses Iavolviig tisene oulture derived vizua., For exomple, I:E-zv;jr
&b 21.(1965) igolated Remscher virus from tiosue culiume and from blood Ffrom
loukaemic mice; mo structural dlfferences wowe found bhetween viruses derived
Prom these 2 souvees. Laber, howevez, Lévy b ol. (3966) showed that. the quality
of the tiseue culiure grovn virus was "more thon 1000 Gimes lower thon the
quality of plasme virus', defining "guellty' s “"the auwmher of pariticles
corvegponding to 1 effective doseo".

Two methods may be used to exawine vivvaes in tissve, plasme or tissue
culturve egtracts; elther a sngpension of the vimsg cem be oxsmined nsing the

negabive slteining taohnique or the viruses can he cantrifuged from the guspension



inbo o pellet which is then fized, debydrated, cmbodded and cvt In tho same
vay a8 8 tissue specimen,

The experimonts deseribed ia Seotions 1 = 4 hove shown what leukoemis vivue
pexrtlcles wore present in leukeewilc tisgues from £ield esses of feline lymphom
navcomay that thoy could be ssen lying free bebtween platelots, vhich was presumed
to indicate that they were freely eirvenloting inm the plesms of inoculoted
kittens, and that they were present oxitraceliunierly in iunfecotod owliure proe
porations. ‘Thug, particles have beon shown to be presont in the 3 stevting
mpberials from wvhioh murine lenkaemis viruses hove been extrached ond purified.

The alm of the exporiments in this sectlon was bo domonstrate leukaenle

vivua pavbloles in oxbtracts fvom feline tissues, blood end tissue ouliuwes,

MATERTALS AVD METHODS

Proparotion of Views Perblele Swanensions fox Bleetrun Miorogoopy

1. Tponm levkaemig limph nodo

A 20% extroet in trig-buffored saline (UB8) was made from storved lymph node
tleeus and o £1ltneto propavel in the seme vay as CLH/CFSP (seo Seetion 3}, Tho
filtrobe was opun in 3 xz 12 nl fubesg In the 40 rotor of o Spingo contrifuge ab
30,000 x ¢ for 60 minwtes. The 3 pellets oblained were combined and roesvapended
1n 1,5 ml of 988 and 0.5 mi of this ouspenslon wes layerod on 46 o 4.5 nl 154 »
60% wuorose, 3n TS, sradient. The gredient uas spun et 39,000 wepaie fox 18%
houzg In the Spineo SU39 wotow,  The base of the tube was pumetured and the
wotal gradient was colloobed an 12 x 0 dwvop froctions. Boch fractlon wasg made

up fo 5 wl with TBS and epun at 30,000 x g for 60 winvies in the Spinco 40 wotow.
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The 12 pellebs produced veye fixed in 1% osmic acld, pH 7.4 in Millonig buffex,
for 1 howx at 4°C and then dehydratod and cnbedded in the sens woey ag the Dlood

platelot pallets (see Mpterials ond Methodn).

2s  From blood

Tho mothod used to prodveo o virus paviicle suspension 1s based on the mothod
depenibed by Moloney (1962) for the extraction of virus from leukaemic wats end
1nlce.

Mood wos token from kittons and ocate by cavdiae punecture and Individeal
hlood samples weve added to ocgqual volumes of 0.3 ml potessiwm citrate (pi 7.0).
Fach blood gemple was spun ot 1,000 » g for 15 nilautes ot 4°G and the resulting
supernatant was spun at 10,000 x g fox 15 minuten at 400. The final plasma super-
petunt was noed Immedlately for pavticle extractlon or was gtored sepawately
or in o pool at -6500. Storad plosma vas thawaed rapidly;immadimtely hefore
tho particle exlwaction procefure by etending the storape bottle in o water balh
ot 5700. Pyeah or.stereﬂ plasma was spun a2t 40,000 x g for 45 minubtes in the
A0 wotor of a Spinco centrifuge. The pellet formed way resuspendod in 0.5 ml
trdg~paline (T8) and loyered on 0 a 4.5 ul 15%J~ 60% suorose (in T9) gradient
and spai at 100,000 x g for 2 hours in the Spinco SW39 motor. The gradiend
wad bhen examined with a stropg light in o doxkensd woomp the position of the
bond was found end 1t was collected by puncivring the base of the ceantwifugoe
trbe and colleehing the % - 4 dvops (approximotely 0.15 ml) which constituied
the band, Whis fyaction was dilvted Lo 9 al with T8 and vas spun at 40,000 x g
For 30 ninmwtes in the Spinco SW39 rotors The vegultlog pellet wan resuspended
in 0.1 nl U8 and dvops of this parvicle sugpengion wexe taken Loy negativa

atolning and electron microscopic exemlnstion.
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Ga Tarom Biseno euliure f£iudd

i

Sae Preliminery Siudiecs.

Dxperinent 1
o e S S

e sxaminstion of » levkaemic tipsue extrach

Unterlals end mothods

Btored lyuph node tlssue from the sponteneous cose GLY vas thawed and
an extract made sccording to the method deseribed ia parasvaph 1 of Mobowvialg

and Methods in this Section.

Repulle

The exmmination of seotlons from cach of the pellets J - 12 showed thatb
eaoh fraction fxom the gradient contained membranes, vesicles, onoprvhous matorial
and o heterogenasous population of pavticles varying in size, shape and eleotiven
denslty. In genewal, the "lightex” frauctions from the gwadient oconbained logs
smoxrphous material and fewer oleovivon-dense particles then the heaviewn®
fractionns No fractlon was found to contaln grovps of cbovacterisiic levkaonin
virus particles; o fey gtructuresm, thought to be porticles, were found widely

agatiered thronghout tho seeblons from feactlions 310 and 11-(Figsa 154 & 3137).

Disouupion

The feiluwe o voncentraite virng particles from the lenkaemic tissue
may be due to mevemal factora. Fzom the siudics with (L3/058 desoribed in
Sections 2 and 4, 1% seoms possible thabt CL3 idiswues moy not hove contained

voxy lawge numbers of parblceles although paviticlen wore found zolatively casily
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in tissve sectblonsr the wmethod of isclatlion, althongh sultakle for mavine
lovkaenie viruases moy aot bave been the mogt sulteble for concentwating the
feline pextlclesy the fyaotionation yroeciuvre may likewlse have heen less
affective foyr these partieles than for the wmurine vivvees. Tissue was not

avedlable from the cases (L5 and CL4 4o meke acmpavsiive exsninationg.

bxporiment 2

poasto et

The examination of plogma coneentrvatesfrom cnts and kitbens incculated with

lonkaenic tlpsve gwbvactos

Plasme concentraies vere prepaved according %o the method described in
peragraph 2 of Materlals end Methods in this Sechion. Tlasme was oblained

from cats and kitvtens na ghown in Padble 23.

Pl

The band formed in the centrifugotion procedure was in the yoegion of
1.36 gm/cma, the buoyant density of the marine leuvksemie viruses (0'Connox
o5 alv, 1964).  Tron Table 25 i% can be oeen that in no exemination wers pnriiclen
found which could be pogitlvely ildenlificd as of the leukocmogenie typo.

Mony stencitures of the size of the leoukaenmia virus particles wore fovnd, lub

aone wlth a zecogulsable movphology.

Dipousaion
The demongizaitlion of virug pariticles in negatvively gtained prepavations
depends on theve bheing lowge pumbera of paviicles present in the suspensionn

and on the particles being moxphologlcally distinguishable from other gtruciures
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dable 25

‘the examinnbion for the pragence of leukasmia virag particles of plasmg

from kitbens and cats inooculabted with leuvkaemic tissue exitracts

Times from inoculation Lo

Apnimals . . . Pregeonce oi
- Incoulun gxanination of plasms b =
Tnocuwlated conoantinbe Paxticles ¥

Kittons CL5/CFs 28, 42, 56, 70 deys -

Kitten GLASCTS 28, 424 56, O deys -

Kithen CL3/uTs 28, 42, 56, 70 daya -

Young

oinlt CL5/CES 3y Ty 144 21, 56 dayn -

cata
Aduls & fes
oot GLS/ors 26 days -

* +  Louvkesmin virus particles idendified

no parilcles found.
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progent in the drops examined, Muwine levkeemla virvuses, wnlike, fox
exomple, Hevrpee viruses, with their distiovct and chavacteristic capsomong
arvangenent, are difficult to ldembtifly unless preseet in hisgh concentration.
Their strucinre has been showm In punifiled preporations by many workewrs
(Zolgel ond Remscher, 1963s Lovy ot il., 1965 do Hevven and Triend, 19643
de Hemven, 196%3; de Thé amd O'Connony 1966).

Since the murine vixuses and feline povbicles are worphologically
identleal in dissme seotlons 1t wonld be expoetod that they should be siruciturally
glmilaw in negatively miained preparations, The fallure to demonsiwvate
feline pariloles in the plasme prepsratlon mey be due to low particle titres
in the cats and kittens or may wesult fxon the method of properation helng
unsuitable for the feline partileless  Structures rwesembling disrupted
perticles vere seen in some of the cat apecinens, v o recent publication
Kavakeml o% ol. (1967) nave ghown "CUetype viral pariicles in plasma £rom a
levkaomic cat and in plosma from experimentolly infected leovkaemic kitteonss
the pavticles were morphologlically the some as murine levksomlo virusos. It
may be that plasma parbicle titres ave much hisher in loukoecmic cato and
kittens than In expecinentelly infeeted animola in the pre-leuksewmic phass

suoh ag wore oxamined in this study.

The examination of dlasue culinre £luid fyom ouliures infeobed with
leukaenmic tilssue extracte
Unberials pad Methods

Pigewo enlture fluid wap collepted from the folloving aources
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(i) K oculimres 11, 15, 20 end 29 days afder infection with CLS/CHS

or CLA/GTFS, ov UL3/GFS (Sce Seobion 4).

(i) FL infected culiuwres 15 ond 29 days aftew lafeection with CLS/CFIR.

(Seo Soctica 4).

The individval samples were preparved socording to the method given in

poragraph 3 of Metordale and Methodr of this Section.

Bosults

Ag 1n the previons experiment no siruebures conclusively identifiable
ag lenkaomlo virus pariticles wove found. TFhe samples contained many nembraunes
and & heterogeneity of strueituresy these contaminonts were thought to be
dvne to the degenerading cells inr the eulture conteibuting pavticles and
gellular debris 4o the culture mediuvm. The finding of pawitlicles Jn soctlons
of the cells from the timsus eculiures from yhich the inid wao tokon ond nob
in the fluid iteclf. may,in part, bo emusced by the cells adsorbilng the

porticles and not releasiong them Into the Llwid.

GLIERAL _DISCUSSION

Whereoy chavactoristic loukaemia vivus powvticles beve heon Tound essily
in tlesues from spontnoneous cases of Lymphosavrcoma and from inoculated kittens
and algo in lafected tissue culture cells, these have not been found ia the
exbracts 1n these 3 oxperiunents. The reason for this ig not known but it
mey be thet feline panbticles differ in some opecifie ways from the murine
vizuses which make it wore Aifficult o free them from acells ox that the

varticley ave more fooglle than the muweine viropesn sand ave dawaged in the
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conoentration provedurew, or that the prosedures uged to isolets muvine

virveen ave not sulbable for the extraction of the feline paxtlclesn.

SUMMARY
No leuksemla virus pariticles were observed in any of the blosusy plasus

or ‘tissue enliure exbtractas.

In a subseguent study typleal leukaeomia viyus pardicles were found in
the tigsue onliure fuild from o kitien embrye evliuve 4% doys alter intoction
with a GLS-devived inoculum (Fig. 138). Sectlons of cells from thism
culivin showed many more particles than had been seen asmonlatbed with the

colls from the cultures examined in lixperimeanl 3.
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Segtion 6

The offects on raby and mice of bipeuo evbtragts

fzom o spontancons fellne lymphosarcoms



TINFRODUCTION

It is clearly of intevest and importance to investigate the host zange
of oncogenic virusesi ot the fundementald level such studics are eoncoined
with the exemingtlon of virupecell iunveractions and covsequontly rovesliag
what hazard o glven vivug may present o a species obther than its normal
host spociesn. The ent, ap o domestle animal, is a poientizl source of virus
infection to the huamene Uo investigatlione have boen yeported atteumpting o
veloate foline lymphosarcoms oases and cases of hunon leuwknemio bt oune
survey has heen mede in which o eovrelabvion h@ﬁwoen dog bltes, canine lyapho-
sorooms, end humon lovksemis hag been atbompted (van foonier et nl., 1968),

No definite conclusions ocam he drvawn from the study.

Becange of the difficulty of obtsining kilttens for exporiments and
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boeanse of the appavently long latent poricd for the dovelopment of expowimentelly

indueed feline lymphosarcoma, 1t was of interest to dlscover vhether the feline-

derlved incouls mnight be aclive in some other spocies. No test animnl closely

related to the cat is evelleble for laboratoxy expevimentatbion so prelimluswy
investigations were made with the 2 available species, vats and mice. The
negligible incidence of ppontaneous leukaenia in the rat lns been refenved

to dn the generpl introduction and the induwetion of leoukeenils in wots using
mupine vivuses has alvesdy been discvsseds dthns, the vet would soen to he a
reagonable temt animal bto use. Sincd - almost all movse gbraias are suopeocted
of corrying latent levksemin virnees the monse is o lese enitable test animsl
than the vaii howaver, if cdoguate control auimals awe available and tho

regponse in the tost animels is significont, valid results oon be oblained
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using mice. One attempt to induce Iymphoparcomsn In cabtz waing Moloney launkoomisa
vivug vesulted in one of the cotbs dying with hiptologloal cvidence of the
dlsease (Jarwzobi, wnpubliched): whothor the lymphossveoms vos sponbansoug
oy ixduced by the incoulum could nolt be evbtoblished.
Two different sgpects of the effeoty of feline derived inoouls in the
raty ond mice wvere oxemined; +the shorieterm offests vere ospessaed by the
gome typen of expminntlons of blood platelets cnd tlosues as were used in
the kitlen experidments deseribed in Seetion 2 and the long~term effecty wove
oanesced by keeping incoulnbed rats and mice wnder ohseorvation for 10 monthe.

The aimg of the oxperiments described ia this asotion were -

(1) 4o determine whethor jmoculs derived from o case of feline 1ympho=
sareome would ilndvee the weplication of loukaemis vivus pavbicles in

rada and mice.

(2) to determine whether these inoculs vere loukacmogenic for mate and

nloo,

MATERIALS AUD MEVHONS

NN

1. Animelg
(L) Rate Adult mele end female robs and baby rols 2 - 7 days old
vore uged as tewt animals
(31) liee Baby mice 2 = 6 doym old wore used as et animels.
2, Inoculo
The inoewnls CLS/CFS ond GLS/CLVI vere bobh bomiod in wete snd OLS/CGLVL

was bosbed im mice (meo Secitionn 2 and 3).
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3+  Blood sawmpling for plateled examinstions

(1) Aduld Robg

The ecollection of blood pamples wes carried out according to the method
described for the cats (vee Soction 2). Approximately 2 ml of blood
were oblained fyvom esoh animal. For eoch axominatlon 4 - 6 zabs vere
blede The individusl blood sawmples wore spun at 1,000 x g for 10
ninutes, and then the mpornotents were combined and spun at 310,000 = g
For 10 minubtesy the pellots produeed weroe propaved for election

MLCLOBCOPY o

(43) Dahy Rots ond Mice

Animals weore anaesthetlged, The axlllery aviery vas exposed and
cut gnd blood was collected Iinto o plastlio syringe with noe neadio.
Approximabely % ml » 1 ml of blood was obinined from ench endwsl. Tor
cach examination 6 - 10 rabs or mice were bled. Plaboleb pellets wero

prepaved 3n the same way ag those from adult vats.

Nates The procedore of combining the samples after the inlviel spioning
vas adopted in some lator exeminations alter it was found that tho
pooling of the diluded vhole blood samples frecguently gave wlze to lysis

and, severely damaged the platelet morphology.

Zxporiment 1,

The exanination fov the presence of leukeomis viiua particles of blood
plateleta and tissues from zats inocculated wilh the lovkaenmlco tissue exbvact

(CL5/CFS) from the spontoncous foline lymphosorcoma (LS.
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Motordals ond Mothods

(1) Inoonlation of Animala
(a) 10 adult male end 11 adalt female vats were ozoh inceulated

intzaporitoneally with 0,1 nl of the inooulum ¢L5/0FS

(b) 48 baby xals, 2 ~ 7 days old, were cach inoculated ag ahove,

(i1) PBlood ssmpling fov platelet exominsbions

Platelet pellots vere prepayed from pooled blood sempler token
from adult rats 7, 14, 21, 28, 42, 56 and 70 days afier inooulatbion.

Similax preporations vore obiained from baby rabo.

(111) Piseve mompling

danples of hono marrow, spleon amd thymus wvere baken from 1 adulid

vt and 1 baby rvab killed at 28, 42, 56, end 70 doys aftew inoculation.

Tables 24 sand 29 summardso the results of the exeminatlions of the plabesw
Lot pelliets and the tineuves aud show thalt no levlkaenia virus pavticlos wene
oboerved in any of the preparations iwom the nduli rets ox fram the buby
rote Inovuleted with CLS/CFS,

Thves female rats (lnocvlabed as adulis Jand 7 female rats (lnoovloted when
2 -~ 7 daye old) not used in the cowrse of the cxpeniment, wore kepi for
further observation. These animols wars oxomined oach week for palpable
lymph nodess The animaels ore sbtill slive 10 months after inocnlation and

ghow no aigns of node enlawvgoment.
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Tha agsociation of lenksemia wirus porbicles with
blood platelots from rate inmoculated with CLG/CFS

Ago at tiuno of

Time from Inoculabtion

Proseonce or obhsonce

platelet sample dnoculabion %0 blocd gempling of particlos *
1 2w3 dnys 1 deys npp
2 2=3% doaye 14 days -
3 2=% days 21 days -
4 2e3 days 20 doye npp
5 2«3 days 42 doys -
i 2n3 dayn 56 days -
T 23 dayo 10 days -
8 24 months T doays -
9 Red monthe 14 doys -

10 2«4 months 21 days -
11 24 monthn 28 doys -
12 24 months 42 Gays npy
13 2ed. monthis 56 dayn -
14 2e4 moxths 70 deyn npp

E.3

+  levksenia virue paviioles obrexved

oy

no particles found

no platelet pellet
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The aepaoeiation of lewlkaemis vives particles
with timsuen from volbs imcculated with CLS/(FS

Rat Age at ‘lii'(ile of ine from inoctt?.atiozl = ‘-?ﬁ.asuezs Dxeminad

' inocculation to tissue smapling Tone Mmxwow Spleen Thymue
1 2=~% dayn 28 days - - -
P =% doys 42 daye wrlio - -
3 =3 daya 56 daye - - o
4 2«3 dayt 70 doyn - - -
5 2= momths 28 days " - -
6 2~4. monthg 42 Aays - - -
7 pwd monthe 56 doys - - -
3 2w4 months T0 days - - -
* +  levkoomia vivas particles observed

= no parbioles found

nka 1o tisewe aveilable
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Py

Tho oxamination for the presence of levkaemie viig particlen of blood
plateletn ond btilssues from zats inoculated with the leukaswic tissue ewhrneth
{CL5/01%)) fxom the epontaoneous feline lymphosereons CL5.

Mpborinls and Methodn

(1) Ingonlmtion of enimals

(p) 30 adnlt male rats were each inoculated Intvaperitonealliy
with Q.1 ml of the inoonlun CL5/CIVL

{b) 75 baby xats, 2 - 7 days old, vowe each inooulated as above.

(11) Blood snupling for platolet exeminations

Platelet pellets vere propored from poocled hlood samples taken fwvom
adult wats T, 14, 21 end 20 doys after inocculation. Similar proe

parotions wore obtoined fyrom tho baby rabs.

(13i1) Tigsue sampling

Semplon of bone merrov, spleen and thymus were teken from 2 adults
killed 28, 42, 56 and 70 doys efter lncoulation. No iissuc ssmples were

taken from baby watbs.

Regultn
Toblen 26 and 27 pivo the resulba of the oxeminstions and show that no
lovkaenip virue paviloles wers found wszoolaled with bissucs or plotelets

from rato inoculated with (LS/CLVi,

Sixteon male vely,inoonlated as edults and 9 fomale end 7 malo wate,incculated
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The assccintion of leukacnls vicvs pavtioles
with blood plabeleta frem vats inoenlated with CLS/CIVL
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Pooled blood Age at time Time from inooulatbion Presgenne oy absonos
platelet samplo of inocoulatiocn to blood sumpling of particles *
1 2=3 Gayd 7 days -

2 Bw3d days 14 doys -
3 dw3 daya 21 daye -
4 | B} days 28 days )
5 2«4 monthea T daysa "
6 24 monthe 14 days e
T 2«4 months 21, deys -
8 a4 yaonshe 28 daye -
# + levlkaemia virua pardioles obssuved

« 1o parbicles Lound

npp 0o platelot pellet
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Sable 21

Tho asscealation of leukeomis virus paviiclos

with tigsvos from vabe inoowlated with CL5/0LVL

Rak Age ob 'h:i.me_a Ll.‘:l.ma'frum Inoculation . Tigpueg oxomined ¥
of inooulation to tlesue sampling Bene Martow Spleen Toyz s
1 2ad. montho 268 doyn - - -
2 2ed monthe 28 doys - - nha
3 2=4 morthe 42 days "o - -
4 2wd months 42 doys - - -
5 2w months 56 dayd - - -
6 2=4 months 56 days - " -
T R=4 noaths ¢ days - - -
8 B} monbths 7O days - - -
# + Jevkaecnia vicus peviicles observed

« no panbicles found

nto no bLissne availoblo.



vhen 2 - 7 daya 0ld, veve relained for further obsewvetbtiona. Teon months after
infecbion, all of the animsls awve still alive with po clinical symplons of

LymphoRareom.

Igporimont 5
The exomination for the presence of leukeemio virue porbticles of blood
platelotn from mice inooulated with the louvkoemic tissuo extract (CLS/CIVY)

from the ppontaneous feline lymphosarcoms QLS.
Jim

HMabewdals and Methods

(i)  ZInoeulation of animalg

67 baby mice, 2 - 5 days old, were cach lucculsted intraperitoneslly

with 0,1 ml of the inocculum CIH/CIV1.

{ii) Bloocd gempling for platelet oxeminotions

Platelot pelleots weve prepaved from pooled blood semploe tekon from

wioe T, 14, 21 and 28 doye after inoculation.

Hose: No nmice wore killed for tisgue pampling,

Vi ma—.

Toble 28 ghows that the examination of the 7, 21 and 28 dey platelet
pellets falled to reveal the presence of leukeemia vizus partileles. Twonby
mice wore kept Lo furthay gtudy end 10 mouths after inoculation are epiill

alive and sghowing no sjgng of lymphosoreomt.

A
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able 20

The assosiotion of leukeemio virue parilelen
vith blood platelets from wice inoouleted with GLS/CLVA

Pooled hlood Age ot tinme Wina frem lnoculation Prosance or aboence
platelet sample of ivnooulation to blood sowupling of pavbicles *

1 2«6 daya 7 deyn -

P Rub doyn 14 days npp

3 \ Ruls dpys 21 days -

4 2e06 days 28 days -

* + leultaenia virus porbicles obsevved

w 0o virue pariéleles found

npn  no platolet pellat
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DISGUSSION

Trom the mesnlis of the experiments with rots 1t iz elear thet the 2
inconle tested did not Induce tho same vepponses in these animals ag they
hod preduced in kitteuns and catss. No leuvkaenio vimug paritioles, veplicating
or fren, vewe found in the plaltelets prepavetions or in the tlsswes from tho
rotas Tt wag shown ln the oxperimenss desoribed in Sections 2 and 3 that
GIH/GIVI induced pavbticle veoplication in an odull cab by day 26 after infectlon
(peo Table 17) and that CLS/CHE induced paxiticle productlon in cabs and kithons
by day 28 after infection (see Tables 17, 4). An cxaminadion of scotions of
a peliet of the inoculmw OLS/CINY confirmed theb particles were present in the
inooulum (Fige 239) and further tosts with CLS/CFS iu kittens hove shown that
the inoculum 4ld not deterioraite with storege at «65035 Thua, the failure to
find particles in the rot bispues was not due to the inoccunla.,

Thove results suggest, thorefowe, that edthor thoe partleles were unable
to penetrete rat colls and xoplicate ov that the particlse produvotion rate was
a0 low in the ravae that vepileation cowld not be delected. The falluve
of the wats to develop leukeemin Jla the 10 month post inocculation period of
obgoervation indieatos thalt the Inoculum tosted vas not highly leukacmogenis
for these rotne

The exominations in the mouse expeviments woxe very limited but they did
ghow that no exbensdve oprly perbicle production took place. The fallure
0 induoo lovkasmie in any of the mice duwing the 10 month post dnoculation
porlod shows that the lnoouvlum was not highly leukeemogenic for the mice and

alao that 1t did not smilmulate v them eny lateat tendency to develop louknomia.
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While foilure to demonaitralie perticle vepliostion in vat and wmovme
tinsues does nob preclude the posalbility that such a process im occunting,
it indlcates that nolther the xat nor the movse is o sulitoble snimal Fow
biloapsays of inccula derived directly, or indivectly vie passage or tlssue
cultnre, from cazen of foeline lymphosarcoms.

Gince 1t 1s kuoun that the rate ond mice uged in these experimenis ave
sengltive to mouse levkaemle vivugos, the negative wesulits support the ¢lain
that the feline peorticles are essentlelly differvent fwrom, though morphologleally

identical toy the murine viruses.

SUMMARY,

Neithor of two feline leoukaenic tlssue extracts induced pariicle
veplication in blosd platelods or tisswes in rats inceulated en nevborns ox
ag pdults and exupined at vavions tlmeg fyvom T days to 70 days. Fo
lovkeonias developed in the Incculated wate durlng a 10 month pericd of
ohservation. One of these Inocula vas also bested in nevborn wlcey 1o
pertlole production was seen and no levkaenmlas developed in the 10 month

poriocd of observatlion.
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Gonocal Svmmary and Conolusions

The investigotlons denoribed in Seocbion 1 demonsirato thet leukaemis
vivng particles were present ia lavge mpmbars in some ¢ases of gpontancous
faline lymphosanoona in & randonly scloeted sorleos.

The repulbte of the oxpoeriments repordted in Seobions, 24 3 nnd 4 show
that morphologically identical portlcles could be found replicabivng in tiopues
fyrom kitvtons and cebty inoouloted with cell-free oxbracts or a filirvate
derived from loukaemic btissues from somg of the field cosen and that particles
asonld be produced in vitre by infeatlng tissue eultuves of normel foline cclla
with the sowe ewivests and Lfiltrebe.

The Findings fvom the expeviments recoxded in Seebion 5 dndieate thatl,
for gome wiknown veanong, it vas more &lLficult o isolate foline vivas
pariticles then muvine loukaemia vivvaes from bisswe, blood or bigsuve cultuwros,
aithough & later attonpt to csoncentrete pavticles fyom tissue culiuwre medivm
was ancgessiul,.

Tn Seetion 6, the invesbigations of the effect of feline leukaenic ¥lesus
extracts in roto and mice ave desoribads no evidenoce of periticle vepliscation
conld be demonstrated in the inoowlated animals and the inoeuls were not
lonkasmogenic fox edtber specles in o 10 month period of obwervation.

Thia study hag demongtrated the prosonce of a pariicle, monphologicnlly
identical to the murine leukaemia viruses, in field comes of felinme lymphoe
porooma and dn kivions inooulaoted with leovkasmlo tismue exbreattng it hag
ghown that the eal and the mouvge partleles axe found ot ihe same cell siton,
raplicete In the same way and ave present in the sano organg snd apsosiased

with the same cell types in bthese organs. Those findivgs iudloate that theve
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15 a great movphologlcal and biologicel similarity betueen the foline lovkoemis
vivug particle and the muvine louvkaemin virvses.

The histological evidence of lymphosargems in mome of the experimentol
kitbens omphasisen the aimilarily between the findings o this siody ood
those in the sarlier studies of Jarvoby (Juerett ob pl., 196423 and Jareebi,
1966) end the voaont experdments of Riokard (1967).

The resulits obtained In the progent invostigations, itogother with the
peevious vesulits of Jorretd gt al. (1964 a,b) provide covidence of a strong
aspoolation between the prasounce of the feline levkagmis vlvusn pariicle and

feline lymphosercoma end suggest dhat the particle fownd in the Litiens and

ca’le may be a feline leukpemogenic virug,
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Spleen from leukaemic mouse

' Fig. 4. (Top) MNumerous particles in vacuoles (-————>) and inter-
cytoplasmic spaces (——= ). x 50,000.

Fig, 5. (Lower left) Extracellular Type 2 particle oce

s X 55

@
un

™ 7 ) \ r = - . . C ~ ¢
Pig. 6. (Lower right) Group of % particles in intracellular vacuole. x 75,060.




Spleen from leukaemic mouse showing various stages of particle budding

Fig. T (Tnp 1eft) Eagyly bud. Inner and intermediate membranes are clearly
defined. x T75,000.

Fig. 8 (Top right) Later stage. Continuity between outer particle membrane
and plasma membrane is seen. x 75,0C0.

Fig. (Lower left) Inner and intermediate membranes almost comple

Fig. 10. (Lower right) Complete partficle detaching from the plasma membrane.
% 100,000.



Fig. X1 High magnification of buddins particle shown in Fig. 8.

The triple-membraned structure is demonstrated. x 120,000,
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Fig, 14 Murine leukaemia virus in tis

ron-dense nucleoids, in

have an irregular

nucleoid is eccentric (—=). x 75,000,

Inset shows detail of a budding particle. x 100,000,
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les near the plasma membrane
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Inoculated kitten, 15 months after infection. Mesenteric lymph node

»

Fig. 17 (Top) 2 particles budding from a cell surface. The inner electron-
dense membranes are well developed. x 1C0,000.

Fig. 18 (Bottom) Type 1 particle detaching from the plasma membrane into
an intracellular vacuole. x 100,000.




Fif.“. 19

Inocculated kitten, 15 months after infection. lesenteric
lymph node. Particle budding {rom plasma membrane. The

5 membrane layers are clearly defined and continuity between
the outer particle membrane and the plasma membrane is shown.
x 120,000, ’



Fig. 20 Inoculated kitten, 15 months after infection.

Mesenteric lymph
node. Part of a megzkaryocyte showing many complete and

forming particles within intracytoplasmic vacuoles. A 'tailed!
\

particle is shown (— ), x 100,000.




Pig. 21 Inoculated kitten, 15 months after infection. Mesenteric 1y
node. Group of particles near a cell surface; one complete

Type 1 particle demonstrates the triple-membraned structure.
lithin a wvacuole 2 particles are shown. x 100,000.
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Fig, 27 Field case. Mesenteric lymph node. 3 particles
into intracytoplasmic vacuole. x 75,000.
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om) Field case.
vacuole. x T75,0C0,

'ecoati

Spleen.

ne 3 '
ng layer
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Type 1 particle in intracellular

is clearly defined. x 100,000,

arTow., Type 2 particle ir



Fig. 31 Field case. DMesenteric lymph node. Group of 5 Type 1 particles.
x 62,500.




cases with groups

(Top) liac 1lymph node.
the other
electron-dense material in
irregular and the nucleoid
right. x 75,000,

(Bottom) Thymus. Ext
wrinkled outer eﬂbrwre

of particles with

particles show varying

ctron-dense nucleoids.

One Type 1 particle to the left;
degrees of condensation of
thie core; the outer membrane is
eccentric in the particle to the

ellular Typc 2 particles with
- 7 (” O




Field case. Mesenteric lymph node. 2 particles budding from
g short length of plasma membrane: the inner electron-dense
membranes and intermediate membrenes are partially formed.

2 fully formed particles are also seen. x 75,000,
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An early stage of

Fig. 39 Pield case. Mesenteric lymph node.
budding (——) and a more fully formed bud (—»
3 v

The triple-membraned structure is clearly

are shown. S
defined in the bud ( —* ) and in a complete

(—H>. x 75,000.

particle




Field cases. Particles at plasma membranes

Fig. 40 (Top left) Cuter membrane of particle attached to cell membrane. x 75,000

Fig. 41 (Top right) Particle free from cell surface with amorphous naterial
between particle and membrane. x 75,000

Pig. 42 (Lower left) Completely formed particle in intercellular space. x 75,000

Fig. 43 (Lower right) 2 particles joined by thread of membrane. x 75,000,




sroups of particles in vacuoles
is shown (—), X 62,500,




Fig

L
46

Field case. lMesenteric lymph node

(Top) Detailed structure of budding particle showing 3 membranes;
the inner and intermediate membranes are almost complete and the
outer membrane 'pinching off' from the vacuole surface. A diffuse
'coating layer' is on the outer surface. x 120,0C0.

(Bottom) Complete Type 1 particle, in a vacuole. The 3 membranes
and ‘'coating layer' are seen. x 120,000.
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Field case (CL2,.

found in this ca

Prescapular lymph node.
S€. The particle, approximately 100 mu in

is seen extracellularly

diameter has an electron-lucent core and

anongst cellular

lebris. X {55000

The single particle
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Inoculated kittens, 28 days after inoculation with CLS/CFS.
Pooled blood platelet pellet. One particle is seen in a
vacuole in the platelet at the lower right (———b).

x 25,000.




Fig. 60 Normal kitten platelet, showing mitochondria [ ),
granules (—f*) and vacuoles ( ). x 75,000,




Pig. 61 Pooled blood from kittens 28 days after infection with CL5/CFS

article in close association with platelet surface. % 715,00




Fig. 62 Pooled blood from kittens 28 days after infection with CL5/CFS.
Early stage of particle budding showing continuity between the
platelet membrane and outer particle membrane. x 60,000,
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Fig. 64 Pooled blood from kittens, 28
Particle budding into nlatelet

days after infection with CLS/cPs,
vacuole, The inner electron-
lense nenbrane is well developed. x 75,000,

CL N )
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FPig. 66 Complete particle in pellet of pooled blood from kittens
28 days after infection with QI 1:/6‘1"3. The membrane structure
and 'coatin, layer' are clearly defined. x 120,000.
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Blood platelets from pooled blood from kittens 28 days after infection with CL5/CFS

Fig. 67 (Top left) Tangential section showing particle in close association
with platelet. x 75,000

Fig. 68 (Top right) Partially formed particle with distinet inner membrane
and developing intermediate membrane. x 75,000

Fig. 69 (Lower left) Almost complete particle with "coating layer". x 75,000

Fig. 70 (Lower right) Complete particle in interplatelet space. x 75,000.
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v Tatad kitteon 28 dave after inf : c 4 . :
Inoculated kitten 28 days after infection with OL5/0Ps, Spleen megakaryocyte.

Fig. 72 (Top) Type 1 particle, with 'coating layer', in vacuole. x 15,0C0.
Fige T3 (Louer 1eft) In 2 vacuole, 2 Ty»e 1 particles with 'coating layer'.

% 5 4000

ig. T4 (Iowo?‘riﬁht) In a vacuole, a Type 2 particle with a 'coatin layer'




Inoculated kitten 28 days after infection wit? CL5/CFS.
megakaryocyte. Fany particles, mostly Type 1, in intracyto-

Spleen

plasmic vacuoles and channels. Cne Type 2 particle is seen in
the central vacuole. (See Fig. 77 for detailed structure of

. \ _ ~
particles). x 75,000,




Fig. 76 Inocnlated kitten 28 days after inf
megakaryocyte. To the lef't,

me

ection with CL5/CFS.  Spleen
2 particles with clearly defined
mbrane and ‘coatings layer' structure; to the upper risght
bizarre cylindrical

’
particle, triple-membraned and with a
‘coating layer'. x 75,000,
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Fig. 79

P R
. GRS

Inoculated kitten 23 days after infection with CL5/CF:3‘.
Spleen megakaryocyte., sarly stages of budding into
vacuoles (——) and a budding particle with a clearly
defined "coating layer" (——). x 75,000,




Fig. 80 Inoculated kitten, 15 weeks after infection with CL5/CFS.
Spleen. In an intercellular space a complete Type 1
particle and a budding particle are seen. x 75,000,




Inoculated kitten 28 days after infection with CL5/CFS. Bone Marrow.

Pig. 81 (Top) 2 fully formed particles in vacuoles. x 75,000,

Fig. 82 (Lower left) Pariicle budding from a lymphoid cell. x 75,000.

oy - P12 . >
Fig. 383 (Lower right) Type 2 particle in a vacuole near the surface
of a lymphoid cell. X 75,0005




Fig. 84

Inoculated kitten 70 days
Bone marrow megakaryocyte.
Tyre 2 particles (—
x 50,000.

after infection with CL5/CFS.
Type 1 particles (—-’),
) and budding particles (——>).




Inoculated kitten, 28 days after infection with CL5/CFS.
Bone marrow. Farticle budding from lymphoid cell into
intercellulsar space. x 40,000,

Inset shows detail of particle structure. x 75,000.




Fig. 86 Inoculated kitten, 28 days after infection with CL5/CFS.
Thymus. 2 particles at an early stage of budding from
a lymphoid cell surface. x 60,000.




Inoculated kitten, 28 days after infection with CL5/CFS. Thymus.

Fig. 87 (Top) Particle budding from epithelial cell surface. x 75,000.

Fig. 88 (Lower left) Complete Type 1 particle in intercellular space.
"Coating layer" is seen on the particle surface. x 75,0C0.

Fig. &9 (Lower right) Particle with complete outer membrane with
"coating layer". ihe inner and intermediate membrsnes are
not continuous. x 75,000.




Fig. 90 Inoculated kitten CL4/3. Inoculum CL4/CFS. Day 56.

Bone marrow. Numerous large immature cells are distributed
throughout the section. A group of megakaryocytes is

(= & + & o
present in the lower central area. H& E x 420.

ohe

e
e A2 v
g Ay

Fig. 91 Inoculated kitten, CL4/7. Inoculum CL4/CFS. At 13 weeks.

Spleen. A markedly enlarged lialpighian corpuscle occupies
nost of the field. There is a central area of mature
lymphocytes surrounded by lymphoblasts. The red pulp

is shown at the right. H& g x 260.
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Blood platelets from kittens inoculated with CL4/CFS.

Fig. 92

Pig., 93

Fig. 94

'Fig.’ \)D

(Top left) T
(Lower left)
X 7‘31000.
(Wog right)
after infecti
(Lower right)
outer membran

yre 1 particle in platelet, 42 days after infection.

X 75)00@

Type 2 particle in a vacuole, 42 days after infection.

Type 2 particles in interplatelet space 56 days
on. x 75,000,

J months after infection. Type 2 particle.
€ is irregular, forming a slight tail.

The
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Inoculated kitten, 42 days after infection with CL4/CFS. Bone marrow.

Fig. 96 (Top) Complete triple-membraned particle, with"coating layer",
in extracellular space. x 75,000,

Pig. 97 (Bottom) Particle budding from the surface of a lymphoid cell.
x 75,000.
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Fig. 100 (Top right} Inoculated kitten 42 days after infection with
CL3/CFS. Particle near platelet surface. x 75,000.

Fig. 101 (Top left) Inoculated kitten, 56 days after infection with
CL3/CFs. Platelet pellet: virus-like structure in inter-
platelet space. x 75,000,

Fig. 102 (Bottom) Inoculated kitten 72 days after infection with CL2/CFS.
Virus~like stiructure in platelet vecuole. x T75,000.




Kitten inoculated with normal lymph node extract. Single
particle in blood platelet vacuole. The particle is
approximately 100 mu in diameter; distinct electron-
dense inner membrane is seen. x 75,000.




Figs. 104 - 106

Particles, approximately 1C0O m
vacuoles in platelets from normal kittens.

in diameter, in
x 75,000,

Top and bottom: platelets from 70 day old kitten.

liliddle: platelet from 28 day old kitten.
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Inoculated kittens. Filtered inoculum CL5/CFSF

Fig. 107 (Top left) 2 particles in a platelet vacuole 26 days after
infection. x 75,000.

Fig. 108 (Bottom) Type 2 particle with electron-dense nucleoid and
"coating layer" in platelet 28 days after infection. x 75,000.

Fig. 109 (Top right) Particle in interplatelet space, 42 days alter
infection. % 15,4000,




Fig. 110 Inoculated adult cat 26 days after infection with CL5/CFS.
Platelet pellet showing particle in platelet vacuole.
x 75,000,




Fig. 111 Inoculated kitten 14 weeks after infection with CL5/P2.
Particle, in platelet vacuole, with electron-dense
nucleoid and well-defined "coating layer". x 75,000.




Inoculated kitten, 14 weeks after infection with CL5/P2

Fig. 112 (Top) Bone marrow. sxtracellular group of Type 2 particles.
x 75,000,

g 115 Bottom) Spleen. Single particle, with distinct inner
membrane,in a platelet vacuole. x 75,000.




NK tissue culture infected with CL5/CFS

Fig. 114 (Left) Budding particle in culture 15 days after infection.
x 75,000

Fig. 115 (Right) Particle budding from cell membrane 25 days after
infection. %X 755000




A (e

NK tissue culture 1) days after infection with CLS/Cfo.

Two budding particles are seen in association with a cellular
invagination. The inner electron-dense membrane is clearly
seen and continuity between the cell and particle outer
membranes is shown. A Type 2 particle is seen extracellularly.
x 75,000.




Fig. 117 NK tissue culture 25 days after infection with CL5/CFS.
Fully formed particles with electron-dense nucleoids and
wrinkled external membranes. x 75,0C0.




NK tissue culture infected with CL4/CFS

Fig. 118 (Top) 20 days after infection. Two complete particles in
extracellular space. The "coating layer" is seen on the
particle to the left. x 50,000.

Fig. 119 (Bottom) 25 days after infection. Three Type 2 particles
in an extracellular space. x 75,000,




Fig. 120 FL control tissue culture at 7 days. x 12,500,




Fig. 121 PFL tissue culture 14 days after infection with CL5/CLV5.
One particle is in the central intercellular space near
the cell surface. x 18,250,




FL tissue culture infected with CL5/CLVS. Particle budding 14 days after infection

Fig. 122 (Left) Early bud from cell surface. x 75,000.
Fig. 123 (Hight) Bud showing triple membraned structure. x 75,000.

Fig. 124 (bottom) Jetailed structure of Type 2 particle with "coating
layer". x 120,000,




Fig. 125 FL tissue culture infected with
infection. One budding and one complete
shown. x 75,000,

CL5/CLVS 14 days after

particle are




Fully formed particles in FL tissue culture 14 days after infection.

Fig., 126 (Top) CL5/CLVS infected culture. Single Type 1 particle in
an intercellular space. x 75,000.

Fig. 127 {Lower left) CL5/CFSF infected culture. Single particle in
a vacuole. x 75,000,

Pig. 128 (Lower right) CL5/CFSF infected culture. Group of particles
in vacuole; Two Type 2 particles and one Type 1 particle.
"Coating layer" is seen on the particles to right and bottom.

x 75,000,




FL tissue culture infected with CL5/CFSF. 8 days after infection.

Fig. 129 (Top) Particles budding from cell membran. x 75,000.

Fig. 130 (Bottom) Group of extracellular particles. One particle
shows a relatively electron-lucent core; the other
particles are Type 2. x 75,000.




FL tissue culture 29 days after infection with CLb/CFS .
Many particles are seen extracellularly near plasma membrane,
T 4

tosl particles are Type 2 and have irregular outer membranes.
% BTy 500,
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FL tissue culture 29 days after infection with CL5/CFSF.

Large extracellular group of Type 2 particles.
irregularity of the outer membranes and the eccentricity

of the nucleoids is

shown.

X ’ff),C‘kOo
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Fig., 13% Ieline embryo tissue culture infected with CLS/CPSF,

group of Type 2 particles in extracellular space.
x 50,000,

Large



Fig. 134 3ection of pellet from fraction 4 of leukaemic tissue extract
from spontaneous feline lymphosarcoma CL3. Particles
approxirtately 65 mp are seen in a network of smaller particles
and amorphous material. x 75,000,




Fige. 135 Section of pellet from fraction 6 of leukaemic tissue extract
' from spontaneous lymphosarcoma CL3. One virus-like structure,
approximately 100 mu is seen in a vacuole ( —_). x 75,000.
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Fig. 136 Section of pellet from fraction 11 of leukaemic tissue
extract from spontaneous feline lymphosarcoma CL3.
Virus-like structure with electron-dense inner membrane.
x 75,000,




Fig. 137 Section of pellet from fraction 11 of

leukaemic tissue extract
from spontaneous lymphosarcoma CL3, x 125,000,




Y

PFig. 138 Particles extracted from tissu

Lo culture fluid. Negative
stained preparationjuranyl

tate. x 150,000,




Fig. 139 3ection of pellet of inoculum CL5/CLV1. Five Type 2 particles

are seen in a matrix of amorphous and membranous material.
x 75,000,




Fig. 140 Canine lymphosarcoma.

Extracellular group of virus-like
particles in section of lymph node. x 75,000,




