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SECTION I

GENERAL INTRODUCTION

The current interest in oncogenic viruses is based on the

original findings of Rous and Murphy (1912), who were the first

to show the aetiological relationship of a virus with a tumour,

and, more recently, the work of Gross (1950) who first demon¬

strated virus-induced leukaemia in A*K. mice. This discovery

has been followed by the work of Friend (1957), Moloney (1960),

Schwartz et al (1956), and Graffi (1957), all of whom demon¬

strated virus-induced leukaemias. The accumulation of evidence

from the extensive studies of conditions associated with viruses

has revealed more and more examples of viruses intimately con¬

cerned with the development of cancer. Studies on human cancers

have so far failed to show an aetiological relationship with

virus particles (Bryan, 1962), but there are several recent

reports of the presence of virus particles in tissues from can¬

cer patients, (Dmochowski, 1963; Almeida et al, 1963; Epstein,

1964). Birkett's suggestion (1965) that an insect vector may

be responsible for the spread of a lymphoid tumour, infers that

viruses may be responsible for human cancers. Comparative

studies in other animals have been used as models in order to

study virus-induced leukaemias, and the viruses responsible for

avian leucosis were amongst the first to be examined,

(Engelbreth-Holm and Rothe-Meyer, 1932; Rothe-Meyer and

Engelbreth-Holm, 1933; Stubbs and Furth, 1935; Hall et al,

1941; Burraester et al, 1946).



Unfortunately, the position of avian leukaemic viruses in

the general classification of virus-induced conditions is rather

confused. This may be due to the now accepted difficulties in

isolating and cloning viruses with a view to obtaining pure

strains (Hanafusa, 1863). Before considering the implications
'i :■ i.'; in' * • ' ' - ' ' ; ' ' '

of the behaviour of the avian leukaemic viruses, a few examples

of the isolation procedures, and proofs of causal relationships

for a few selected viruses may help as comparisons.

The growth characteristics of polyoma virus are good

examples of the complexity of virus behaviour, resulting in the

difficulties encountered when attempts are made at rationalisa¬

tion. Polyoma virus was first reported by Gross (1957), who

had initially shown that cell-free extracts from ieukaemic A.K.

mice, induced leukaemia when inoculated into newborn C^H mice.
Fibrosarcomata and parotid tumours were also induced by these

extracts. Gross demonstrated that there were two separate

viruses involved in his original passaged material; one respon¬

sible for the leukaemia, and the other for the solid tumours.

This second virus, initiaily referred to as the parotid tumour

agent, was successfully isolated by Stewart et al (1957a,b),

using tissue culture techniques, and the distinction between

polyoma and the leukaemic agent was confirmed by Negroni et al,

(1959); Merekalova (1961); Gimniy and Graffi (1961).

McCulloch et al (1959) point out that a virus identical to

polyoma was isolated from a spontaneous mouse mammary tumour,

which was not transplantable by cell-free filtrates. This type

of association between a virus which is not apparently the causal
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agent of the tumour, is frequently reported (Negroni, 1963).

Another typical example of this type of association is reported

by Friend (1957), who isolated a virus from an Ehrlich's

ascites tumour of a Swiss mouse. The tumour cells could be

transplanted from mouse to mouse (Friend and Haddad, 1960)

producing ascites tumours, but cell-free filtrates produced

leukaemia in adult mice shortly after injection. Like Friend's

virus, the Moloney virus (Moloney, 1960) was also isolated from

mouse sarcoma (37) cells, although in this case the tumour had

been passaged for many years. Similarly, the virus responsible

for Graffl's disease (Graffi, 1957) was also isolated from

a transplantable Ehrlich's ascites tumour.

These few examples show that the mere presence of a virus

is not alone acceptable as a criterion of the unequivocal iden¬

tification of an agent as the specific tumour virus (Haguenau,

1960a,bj Haguenau and Beard, 1962). On the other hand, human

adeno-virus (Trentin et al, 1962), which was considered a non-

tumour Inducing virus, produced tumours of lung, thorax and

liver when Injected into new-born hamsters. These experiments

show that viruses which do not produce tumours in one host may

exhibit oncogenic characteristics in another. It is thus

tempting to extrapolate, and suggest that these same viruses

may occasionally be responsible for neoplastic growth in their

primary host. However, in the field of human cancer research,

there has not yet been a convincing report of the isolation of

a tumour inducing virus from a human tumour, although Ageenko

(1960), Huebner (1961) and many others have emphasised that it
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is impossible to exclude the possibility of viral causative

agents in human cancers. Viruses which are associated with

tumours, but which are not aetiologically related, have been

called passenger viruses (Negroni, 1963). This class of virus

includes some of the leukaemia viruses previously described, and

also some non-oncogenic types, whose presence further complicates

the demonstration of cause and effect between a particular tumour

and a virus. Toolan's virus (Toolan, 1954), Gallus adeno-like

(G.A.L.) (Stoker, 1959), and Riley's agent (Riley and Wroblewski,

1960), are typical of viruses whose presence in tumour tissue

appears to be solely fortuitous.

It now appears that passenger viruses must be regarded as

the rule, rather than the exception, when examining tumour tissue.

The dangers inherent in this type of situation have recently been

emphasised by the investigation of two human conditions, Birkett's

lymphoma (Birkett, 1963; Epstein, 1964) and human myeloid leu¬

kaemia (Negroni, 1964; Inmun et al, 1964). In both these con¬

ditions, association with viral agents has been shown, but

without the convincing evidence necessary to prove aetiological

relationships. In fact, Birkett's lymphoma has been passaged

in tissue culture, through several generations, and the cultured

cells now appear to contain at least nine recognisable viruses,

including herpes simplex and strains of reo virus (Epstein, 1964).

With this possibility of purely accidental associations of

virus particles, it is not surprising the aetiological relation¬

ships of any one particular group of viruses are confused.

The viruses responsible for the avian leucosis diseases have



been the objects of much conjecture, resulting from the uncer¬

tainty as to whether or not the viruses under investigation

formed homogenous populations. The leucosis group consists of

three basic types of leukaemic conditions, but the distinctions

between the different types is not as clearly defined as in some

other animal virus systems. Consequently, rather than 'pure'

lines of virus being available, 'strains' of leucosis viruses

have been isolated, each of which has its own typical disease

pattern. Isolated 'strains' are summarised in the table on

page

Evidence for a viral cause of the avian leucoses has been

well established, but the aetiological relationships between

different groups of symptoms have remained obscure due to the

variations in host response, even within a virus strain. As

a result of this spectrum of responses, the explanations have

ranged from the concept of individual entities being responsible

for each condition (Jungherr, 1952), to the idea that a single

viral entity can induce all the leucosis conditions (Burmester,

1962). Further confusion stems from the reports that both

osteopetrosis (Burmester, 1946) and fowl paralysis (Marek's

disease) (Jungherr and Landauer, 1938) have been encountered in

experiments involving the passaging of these leucosis conditions.

These two conditions do not strictly come within the definitions

of leucosis, and several authors (Campbell, 1961; Biggs, 1961)

have argued that osteopetrosis and fowl paralysis should not be

regarded as conditions that can be induced by the 'leucosis com¬

plex' of viruses. It would appear from a study of the litera¬

ture that some of the reasons for the confusion are due to the

following factors.



First, a clear account of the life cycles and natural propa¬

gation of the leucosis viruses in cells and tissues has not been

described as comprehensively as those of many of the mammalian

viruses, e. g, polyoma, polio and influenza. In fact, the agent

responsible for lymphomatosis has yet to be described, even

though several authors (Dmochowskl, 1959) have observed particles

in the spleen of Infected birds.

Secondly, workers have been using strains of virus (Beard,

1963) isolated from birds carrying simultaneous infections of

other diseases, (see table |( page\X) . As a result, there is no

guarantee that these are homogeneous populations of viruses. On

the contrary, since many of the workers in the field of avian

viruses work in the United States, where there is a high natural

incidence of leucosis (Burmester, 1947; Baiuda, 1962), it is

possible that contamination of strains of virus might occur in

routine passaging, if not in the original isolation.

Thirdly, many of the reported characteristics of the leu¬

cosis viruses have been based on experiments involving the trans¬

plantable lymphoid tumour R.F.L. 12 (Olson, 1941; Burmester et

al, 1946), which has been passaged In chickens for 23 years.

In the light of present knowledge of passenger viruses, it seems

possible that the continuous passage of a tumour in chickens,

known to have a high natural incidence of leucosis, for a period

as long as this, would almost inevitably lead to contamination of

the tumour with aetioJ^ogically unrelated viruses.

Finally, although both osteopetrosis and fowl paralysis have

been reported to be induced by the viral strains of leucosis



mentioned, (Burraester et ai, 1946), the causative agents have

not been identified and characterised. Consequently, on the

suggestion of Dr. John Carr, an attempt has been made to charac¬

terise the causative agent of osteopetrosis and elucidate its

life cycle, in the hope that the relevance of the reported

association of osteopetrosis with the avian leucosis viruses

could be critically discussed.

Several authors, (Jungherr and Landauer, 1938; Holmes,

1961; Campbell et al, 1964), have described osteopetrosis and

the associated tissue involvement in considerable detail:

a summary of the pathology is therefore now included in order to

show the basis of the work reported in this thesis.

Recent findings by Campbell, Young and Carr show that, in

advanced cases of osteopetrosis, the lesions and tumours most

commonly encountered involve the bones, reticulo endothelial

system, striated muscle and kidneys. The lesions first observed

macroscopically consist of a periosteal thickening and ossifica¬

tion, which is followed by an endosteal proliferation and con¬

version to bone. This results in the eventual obliteration of

the medullary cavity and the appearance of snyelophthysic anaemia;

on the other hand, there is no recognisable leukaemia.

The spleen Is frequently atrophied and shows, histologically,

a marked depletion of the white pulp and patches of hyaline,

which are not invariably associated with vessels.

The liver, especially in females, shows, initially, a pecu¬

liar endotheliosis, involving a thickening of the Kupffer cell

fibres, and an atrophy of the liver ceil cords, producing an



unusually prominent space of Dlsse. At a later stage, some

cirrhotic changes occur together with biliary hyperplasia, and

foci of intramedullary haematopoiesis.

The gonads in experimentally infected birds are frequently

found, at post mortem examination, to be juvenile and comparable
Mi/L,
to those of four to six week old chickens. Branches of the

ovarian and testicular arteries within these organs frequently

show great hypertrophy of the muscle walls unassociated with any

degenerative change.

In a proportion of cases affected, male birds have been

found to have flattened or spindle shaped fibrous lesions, com¬

monly situated in the gracilis or sartorius muscle, or, less

commonly, in the pectoral muscle. It is rare to find these

muscle lesions in females. Histologically, these lesions

Initially consist of a disorientated proliferation of muscle

cells which are Intimately associated with adjacent normal muscle

bundles. Later, the lesions show fasicuil of mesenchymal cells,

fragments of muscle fibres, acidophilic cells, a good deal of

fibrous tissue, and fairly extensive plasma cell infiltration.

Kidney abnormalities have been described, and can be divided

into three categories.

t. Proliferative glomerular lesions, which occur in the

majority of experimental birds, even when the bones are not

noticeably affected.

2. Tubular hypertrophy and cysts which are frequently found

in subcapsular regions. The tubules Involved are those com¬

prising the first loop of the collecting ducts, and possibly



part of the ascending limb of the loop of Henle. The cysts

are lined with flattened epithelium, whereas the hypertrophied

tubules have a cuboidal epithelium, which is occasionally cili-
A

ated. This type of abnormality appears to be mainly confined

to the male.

3. Tumours of two histological variants have been found:

one is a typical embryonal growth of the Wilms variety (nephro¬

blastoma), the other appears to be associated with renal cysts

and has been described as "a clear-cell carcinomu of renal

origin". Tumours have also been reported in the liver and

endocrine organs, although it should be emphasised that these

tumours have a relatively low incidence (see table 2, page 3^),
but In one group of birds injected with frozen, dried blood

(Campbell et al, 1964), kidney tumours were much more common

than In birds infected with fresh blood.

Transmission of Osteopetrosis. Experiments demonstrating

a transmissible agent responsible for this disease were first

reported by Jungherr and Landauer (1938). These workers showed

that osteopetrosis could be transmitted by whole blood, bone

marrow or tumour tissue from birds diagnosed as having neuro-

lymphomatosis, as well as osteopetrosis. Inoculation of these

tissues resulted in the passage of osteopetrosis and iymphoma-

tosis, and the two conditions were claimed to be 'non-dissociable*

The transmissible agent present in the blood, bone marrow and

lymphomata, survived dessication for 105 d£tys. .More recently,

Holmes (1958) succeeded in transmitting the disease from one of

three spontaneous cases of osteopetrosis occuring in a small
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flock of about one hundred fowls. Day-old chicks, injected

intraperitoneally with whole blood marrow and filtered plasma,

developed the disease. Holmes (195a) also found that inocula¬

tion of infected whole blood onto the chorio-allantoic membrane

also caused osteopetrosis later in the hatched chicks.

He claimed that the infection in the egg may be one mode of

transmission. Subsequently, Holmes (1959) was to show the fil-

terability of the agent, its probable presence in the semen of

infected male birds, and the infectivity of unfiltered plasma

when administered orally. Holmes (1961), in a later study of

osteopetrosis, concluded that the transmissible agent had an

affinity for parenchymatous tissue, but that the infective agent

shouid not be considered as part of the avian leucosis complex,

since the associated soft tissue changes were not typical of

leucosis. Holmes (1963) has reported the transmission of osteo¬

petrosis from chickens to young turkeys.

The conflicting reports from the United States (Burmester

et il| 1946-63) (table tv page 12--}, will be considered in

detail in Section VI. However, since the present work has

been concerned with the virus isolated in this country (Holmes,

1958), the characteristics of this strain only have been con¬

sidered. The virus transmitted by Holmes, in Bristol, and more

recently at the Poultry Research Centre, has been regarded as

a strain of osteopetrosis on the same grounds as the leucosis

conditions mentioned on page 5 of this thesis. This United

Kingdom strain of virus has been maintained for some time in

flocks of chickens in which leucosis has not been observed.
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The flock at the Poultry Research Centre (Greenwood and

Carr, 1951; Campbell, 1963a) Is considered to be free from

leucosis, and since no case of leucosis has arisen in birds

injected with the osteopetrosis preparations, the assumption has

been made that the virus 'strain* is, in fact, free from leu¬

cosis producing agents.

Since the gross pathology of the disease has been adequately

reported, the experiments reported in this work have been direc¬

ted towards the characterisation of the virus, rather than the

effect on the infected cells. On these assumptions, a series

of experiments has been carried out, which aimed at showing

1. that osteopetrosis is, indeed, transmissible by a virus;

2. the character of the virus;

3. the behaviour of the virus in vitro, with a view to

developing an assay method;

4. the life cycle;

5. the relationship, if any, of osteopetrosis with the

leucosis complex and the transmissible R.P.L. 12 lymphoid tumour.



TABLE1Pc^e.\X
STRAINSOFLEUCOSISVIRUSESMAINTAINEDINEXPERIMENTALBIRDS

Original leucosistype Erythroleucosis Myeloidleucosis

Designation

Original Reference

Conditionswhichhavebeen associatedwiththestrain

Erythroleucosis StrainR Erythroleucosis StrainE.S.4

Engelbreth-Holiu andRothe-Meyer (1932) Rothe-Meyerand Engelbreth-Holra (1933)

1955-551,255casesofleucosis,
1myeloidleucosis,9mixederythro andmyeloidleucosis 1955-63onlyerythroleucosis 1933-35684casesoferythroleuco¬ sis,194sarcoma,188erythroleuco¬ sisandsarcoma,3myeloidleucosis withsarcoma 19568caseserythroleucosiswith renalcarcinomas

Fowlparalysis (Mareck'sDisease) Lymphoidleucosis Lymphoidleucosis
Myeloidleucosis B.A.I.StrainA R.P.L.12 (lymphoidleu¬ cosis) Strain13(Sarcoma associatedwith erythroleucosis)
Halletal (1941) Olson(1941) Burmester(1946) Stubbs (1935)

andFurth

1941-43 Strain 1

56%.birdsinoculateddevel¬ opederythroleucosis 421;developedlymphoid leucosis
Strainlymphomatosis,erythroleu- 2cosis,myeloidleucosis 1952-65onlymyeloidleucosis i941-46Solidlympho-sarcoma 1946-60Lymphoidleucosis,osteo¬ petrosis 1960-63Lymphoidleucosis,osteo¬ petrosis,erythroleucosis,(gallus adeno-likevirus) 1931-35Myeloidleucosis,erythro¬ leucosis,lymphoidleucosis,myeloma
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SECTION II

DEMONSTRATION OF A TRANSMISSIBLE

AGENT ASSOCIATED WITH OSTEOPETROSIS

INTRODUCTION

The original sample of osteopetrosis infected blood came

from Dr. J. R, Holmes of the College of Veterinary Surgery,

Bristol University, in 1958. Dr. Holmes obtained the blood

from a field case of spontaneously occuring osteopetrosis,

diagnosed by himself, and thought to be free from leucosis.

The condition had been maintained by him by serial passage of

infected blood into day-old chickens, and a specimen from these

has been kept at the Poultry Research Centre now, over a period

of six years. A summary of the routine passage experiments has

been Included in table 2 on pageii to give an indication of the

constancy of the features of this maintained strain. Associ¬

ated tumours are recorded in the control, as well as the osteo¬

petrosis Infected birds; the controls in this case being the

whole flock of Poultry Research Centre birds. It should be

noted, although this point will be discussed later, that at no

time has there been a case of spontaneous virus-associated

transmissible leucosis in the flock. Consequently, it has been

assumed that the original sample of blood, obtained from

Dr. Holmes was not contaminated with leucosis virus, and that

the leucosis viruses are completely absent in this flock of

birds, (Campbell, 1963aj Greenwood and Carr, 1951).

From this table It can be concluded that the characteris¬

tics of the osteopetrosis condition maintained in this
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laboratory were similar to those reported elsewhere, (Jungherr

and Landauer, 1938; Pugh, 1927; Holmes, 1958), This arti¬

ficially maintained pathological condition was probably identi¬

cal, in all respects, with spontaneous cases.

It is now generally accepted (Jungherr and Landauer, 1938;

Burmester et al, 1946; Holmes, 1958; Bell and Campbell, 1961;

Campbell et al, 1964), that osteopetrosis is associated with some

type of transmissible agent. However, neither the nature of

this transmissible agent, nor its method of infection, have been

described. Consequently, an initial series of experiments was

undertaken to determine the approximate size of the infective

agent, by filtration through graded millipore filters,

MATERIALS AND METHODS

Blood from Infected birds was obtained with a hypodermic

syringe from a vein in the wing, using citrate as an anticoagu¬

lant. This blood was then centrifuged at 3,000g. to remove all

the blood cells. The plasma was divided into three parts, and

each fraction was filtered through one of the following three

types of miliipore filters.

Type H.A, with a pore size of 4,500A 200*.
Type G.S, with a pore size of 2,200A +_ 2G0A.

Type V.C. with a pore size of 1,000A +_ 80*.
The filtered plasma was then injected in 0.2 mi, doses into

day-old male chicks, and the birds were then examined for a

period of approximately fourteen to sixteen weeks, before being

killed and autopsled. These birds were then compared with



chicks injected with 0.2 mis. of unfiltered and infective whoie

blood.

RESULTS

Treatment of blood
birds developing; osteopetrosis

Number injected

Filtered with H.Af 4i vvi HA Vll li •

(45GoX pore size)

Filtered with G.S,

3/9

(2200A pore size)
2/8

i A A vv i v U m 1 v3» V « v *

(1Q00& pore size)

Unfiltered plasma

Filtered with V.C 0/10

Non-infected

Whole blood

3/10

190/335

0/whole flock
unfiltered

(The "whole blood" figures in this table are composed of

the results of routine passages and other large scale experi¬

ments .)

These are extremely small numbers of birds and are conse¬

quently of little statistical significance. However, the diffi¬

culty of keeping large numbers of birds for long periods was such

that only small numbers could be kept as adults. Even so, the

plasma filtered with G.S. and H.A, filters shows a reduction in

infectivity - as suggested by Holmes (1958). The V.C. filtered

fraction appears to be non-infective. Consequently, it was

tentatively assumed that a particle of a size larger than 1,000A

was necessary for the development of osteopetrosis,

o
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ELECTRON MICROSCOPE SURVEY

INTRODUCTION

The filtration experiment suggested that the blood con-
9 «

tained a particle, greater than 1,OOOA and less than 2,20OA in

diameter, which was the causative agent of osteopetrosis. In

order to determine whether or not such a particle existed, an

electron microscope survey was undertaken. If such a particle

was demonstrable, the electron microscope would readily show

where such particles were concentrated, the general distribution

in the different tissues of the bird, and the cellular involve¬

ment. Previous accounts - as described in the introduction -

have indicated the lesions most commonly encountered in cases of

osteopetrosis and so the tissues most frequently reported to be

affected were examined.

Obviously, the blood is the first place to look for par¬

ticles, since it is from here that sources of infective, trans¬

missible cell-free material can be obtained. The next most

likely site is the bone lesion, since this is the diagnostic

feature of osteopetrosis. Periosteal cells are the ones most

likely to be infected, since it is due to the hyperplastic con¬

dition of this layer of cells that the thickened bone results:

osteopetrosis is not a true neoplasia, since the basic bone

structure is retained, although somewhat less regular than nor¬

mal, (Jungherr and Landauer, 1938). Muscle lesions and kidney

abnormalities are often reported in osteopetrotic birds and were

considered to be likely sources of particles (Campbell et al,

1964). The kidney Is frequently a centre of virus replication,
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and many different viruses have been reported as growing in

this organ. Blood cells were examined in the spleen, since

it was much easier to examine solid tissue than pellets of free

cells. The spleen was also considered a likely place in which

to find concentrations of any particles free in the blood, since

this organ contains many phagocytic cells. The liver, too, con¬

tains a considerable number of reticulo-endothelial cells in the

form of Kupffer cells: this organ, too, was examined. Finally,

due to Holmes' suggestion (1953) that osteopetrosis can be trans¬

mitted vertically, from parent to offspring, and since the repro¬

ductive organs of both the aiaie and the female (but particularly

the inule) are usually very small and juvenile, the ovary and

testes of infected birds were examined.

MATERIALS AND METHODS

The details of procedures and the composition of stains,

fixatives and embedding materials, are included in the Appendix

to this thesis.

;\iicroscope. The microscope used in this work was a

Phillips E.M.I00 which, with a pre-aligned lens systeni, a fixed

bias, a single condenser and no stigmator to adjust the inherent

astigmatism, is a relatively low resolution machine. The prac¬

tical working resolution is approximately 2Ga, The only modi¬

fication made to the instrument was to instai a grid holder,

similar to that used in the newer Phillips E,*d.200 microscope.

This was done in order to reduce the considerable amount of

specimen drift which occured with the original holder.

Micrographs were taken using Ilford 58-11, 35 mm. nuclear



track recording film, developed in I.D. 20 and printed by stan¬

dard printing techniques. One of the difficulties with this

microscope was due to the recording on 35 mm. film. This

necessitated enlarging the negative five to six times when

prints were made, resulting in a considerable loss of resolution

in the enlargements. This is an inherent fault in the design

of this machine, and accounts for the characteristic texture of

the micrographs.

Grids. Athene type New 200 and 400 mesh copper grids were

used filmed, Initially, with formvar by the technique described

by Bradley (1961), and stabilised with a carbon film evaporated

in an A.E.I, type 12 Shadow Casting Unit. Occasionally, for

higher resolution work, New 400 grids, without plastic films,

were used to support thin sections. In these cases, the grids

were first cleaned in chloroform to remove any contaminating

grease.

fixation. All tissues which were fixed for electron

microscopy were obtained from birds which had been killed, and

then dissected as quickly as possible. Pieces of tissue
3

2-3 mm were removed and placed in the fixative, or, in the

case of the periosteum, the bone was bathed in the fixative as

30cn as the muscles had been laid aside, before excision of the

periosteum and fixation. In all cases, the fixative which was

chosen for a particular tissue examination was previously cooled

to 4°C. In a refrigerator, and the actual fixation curried out

in small test tubes at 4°C,
Osmium Tetroxicie. Pelade's buffered osmium tetroxide (Pelade,

1952) was used initially as a fixative, and gave quite good
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results (Appendix, psgeVlH), but occasionally large areas of the

fixed tissue appeared to be badly preserved: ribosoraal and

small particular constituents of the cytoplasm frequently

appeared to be badly preserved, or even missing completely. It

was thought that isotonic factors may have been causing osmotic

shock to these fine structures, and so two other OsC>4 fixatives,
suggested by Zetterqvist (1956) and Caulfield (1957) were tried,

(Appendix, page^M ). These gave greatly improved preservation,

particularly Caulfield's fixative, which included sucrose: this

did not appear to precipitate the fibrillar and granular

materials as coarsely as the other OsO^ fixatives.
Luft's Buffered Permanganate. Luft (1S56) recommends this

fixative (Appendix, page XIV) for the preservation of membrane

structures in ceils, and coupled with embedding in epoxy resins

(Robertson, 1958), this fixative was found to give reasonable

preservation of these structures. However, permanganate gave

very poor preservation of many non-membrane, cytoplasmic struc¬

tures, and nuclear details were either poorly preserved or lost

in the fixation process. This fixative was not used after the

first trial experiments.

Glutfltraldehyde. (Sabatini et al, 1962). This aldehyde fixative
»

was found to be the best one tried for electron microscopy, (see

page XM/of the Appendix) . The preservation of submicroscopic

structure was found to be excellent, when compared with that of

material fixed in Caulfieid's fixative. Furthermore, Sabatini

claims that the activity of the enzymes aliesterase, acetyl¬

cholinesterase, alkaline phosphatase, acid phosphatase,

5-nucleotidase, adenosine triphosphatase, D.P.N.H. and T.P.N.H.
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diaphorase can all be detected after fixation with glutaralde-

hyde. The best technique for determining enzyraic activity

after fixation, involves cutting frozen sections of the material

and then examining the tissue by histochemical means. Little

or no damage is recorded after frozen sectioning or histo¬

chemical incubations on subsequent examination in the electron

microscope. The post-incubation fixation in osmium tetrcxide,

necessary to produce sufficient contrast in the electron micro¬

scope, allows the final product of the histochemical reactions

to be related to fine structural elements as they normally

appear. Obviously, tissues treated in this way are suitable

for examination In the light microscope, as well as in the

electron microscope. In comparisons of this sort, the glutar-

aldehyde fixed material shows little degeneration of cytoplasmic

structures.

One finai advantage of glutaraldehyde fixation is in the

non-critical length of time necessary for good and complete

fixation. Because of this, aiaterial can remain over-night in

the fixing solution, which can be extremely useful.

Dehydratlon. Standard methods of alcohol dehydration

were used, and are reported in the Appendix.

Embedding. Much time can be spent in finding the best

embedding material and procedure for a particular tissue, and,

in all the variations of embedding techniques tried, the aim was

to produce quick, easy, reproducible methods,

Araldite. Since araidite (Glauert and Glauert, 1958) seemed to

give the most reproducible results, and did not need a lengthier
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preparation than the others, this epoxy resin was adopted for

most routine preparations. Embedding with araldite appears to

be improved if the final dehydration is carried out with epoxy

propane as a vehicle (Durand, 1961). This final step helps

penetration, since the araldite components are so viscous that,

although alone they penetrate tissues very slowly, aided by

a highly volatile material, with which they are iniscibie, pene¬

tration i3 considerably speeded up.

Other embedding materials used includes

;,ie thacry la tea. Initially, various mixtures of methyl and

butyl rethacrylutes were used for embedding (Newman et al,

1949). There are several advantages in using methacrylate

mixtures for embedding:

1. the monomers are fluids with low viscosities and are

readily soluble in ethanol:

2. they polymerise either by heating at about 60°C, or by

irradiation by ultraviolet light:

3. the hardness of the final block can be adjusted by vary¬

ing the reiative quantities of the two monomers. Consequently,

the Hiethacrylate blocks are very easy to section.

Unfortunately, there are several disadvantages in this

material.

I. The polymerisation is usually uneven, so that polymer¬

isation damage, due to uneven curing of the polymer, often

results. This damage takes the for& of disrupted tissues or

of small bubbles of gas, which are left in the hardened blocks:

shrinkage during this process can be us much as 20f; of the
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original volume,

2, Methacrylate sections arc unstable in tlic electron beam

and as much as 40% of the polymer in the section is lost immedi¬

ately the electron beam is switched on, (Cosslett, 1951).

3. The vapour is harmful and unpleasant.

Consequently, since the disadvantages outweighed the advan¬

tages, this embedding material was discarded.

Purcoper.. This water soluble embedding material was tried,

since It was considered possible that it might be useful ior

enzymic extractions. Unfortunately, great difficulty was

encountered in persuading this material to polymerise and harden

sufficiently well to cut sections, tfo satisfactory sections

were cut from blocks of this material,

Maraglas. (Freeman and Spurlock, 1962), This material, which

is an epoxy resin, is reputed to be as good as araldite (or the

American equivalent, Spon) in most respects, but with the added

advantage that it is easier to cut. Only a few specimens have

so far been prepared with this material, but initial experiments

have shown it to be easy to cut, although preservation has not

been as good as araldite: more tissues are being examined using

maraglas, since an epoxy resin, giving reproducible results like

araldlte, but which is easily sectioned, would ne a great

improvement,

Stains. Various electron microscope stains were used on

sectioned material, but by and large, the procedures recommended

in the standard references were adhered to. A summary of the

stains used, including the general properties of each stain, is

given overleaf,



Stain Reference Re £>ul t s

Lead citrate

Lead tartrate

Lead hydroxide

Reynolds (1963) Very good, little non¬
specific precipitation

KM O,n 4 If

Uraayl acetate in
50:50 waterjaicohol

Uranyl acetate in
100^ alcohol

Phosphotungstlc 10$

Phosphomolybdic
acid iOf

Millonig (1961) Slow to penetrate

Karnovaky (1961) Quite good, considerable
non-specific precipita¬
tion

Luft (1956) (Sarae as fixative)
Good for low magnifica¬
tion

Gibbons and Very good if kept out of
Griiastone (1960) sunlight and used fresh

No reference

Watson (1958)

Watson (1958)

This solution extracted
material from sections

Added little to contrast
of sections

Added little to contrast
of sections

\

The best sequence of stains was found to be a twenty minute

staining with a completely CO^-free solution of lead citrate -

as recommended by Reynolds (1963), followed by ten minutes in

a 50:50 alcohol and water mixture, saturated with uranyl acetate.

The details of the non-standard procedures are Included in

the Appendix,

Pathological Material. Tissues for this general survey

were obtained from chickens of the Brown Leghorn line, main¬

tained at the Poultry Research Centre in Edinburgh. These

birds were injected at one day old with 0,2 mis. of blood from

adult birds showing clinically distinguishable signs of osteo¬

petrosis, namely, thickened bones. Only birds which showed

thickened bones were used as sources of material for this
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initial survey, and birds which were injected, but die not

develop osteopetrosis, were not examined,

RESULTS AND DISCUSSION

This survey was mainly directed towards determining whether

particles of the expected type were associated with the diseased

tissues. A brief account of the electron microscopy picture of

the cells is also given. There are several good accounts in

the literature of the spectrum of hyperplastic and neoplastic

lesions associated with osteopetrosis, which h^ve been examined

histologically with the light microscope (Pugh, 1927; Jungherr

and Landauer, 1938; Holmes, 1958; and, more recently, Campbell

et al, i964), Because of this, only the intimate cell-particle

relationships will be described, rather than extensive electron

microscope histological details. In this way, it is hoped that

the involvement of the virus will be made more apparent.

No virus-like particles were found in any of the tissues

from normal birds which had not been inoculated with virus

preparations.

Periosteum. This layer of dividing cells was obviously

very much thickened in florid cases of osteopetrosis, but the

basic cellular components appeared to be similar to those of

normal periosteum. The electron microscope revealed large

numbers of osteoblasts, which, although normal in most respects,

showed some characteristic differences from the normal ceils.

The endoplasmic reticulum appeared to be much less developed

than that of normal osteoblasts, and, in general, there was
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a marked reduction in the degree of differentiation of the

cytoplasm. The nuclei of osteopetrotic periosteal cells dif¬

fers from those of normal cells, in that they show accumulations

of chromatin around the edges, just inside the nuclear membranes.

Infected nuclei also appear less regular in their morphology, and

the cell membrane often appears Indented. The peripheral cyto¬

plasm occasionally has small electron dense structures, close to

the cell membrane, which are not seen in the normal cells. The

intracellular matrix appears to hive a great deal of collagen,

but the mineralisation in the underlying bone seems to be much

less extensive than In normal boner the layer of osteoid is

much thicker than expected.

Around the cell membranes of the periosteal cells clusters

of small round objects, with dense centres, were found. These
O °

particles were approxiraateiy T,tO(M to 1,2OOA in diameter, were

invariably extra-cellular, and were never found inside these

cells.

Plate 1, page shows a typical cell from the periosteum

of a florid case of osteopetrosis. The cell appears to be rela¬

tively normal, although the sparse endoplasmic reticulum and lack

of cytoplasmic detail are obvious. The unusual chromatin dis¬

tribution can also be seen. The roost Interesting feature of

this plate is the number of particles situated along the cell

membrane.

The distribution of the particles was quite extensive in

birds with enlarged bones, and most cells appeared to be
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associated with them, although the numbers per cell varied

a great deal. The intimate associations of the particles with

the cell membranes are shown in plates \ Q. In these

plates, various different 'degrees' of association can be

clearly seen, but, even so, all the particles are still extra¬

cellular.

Examination of the bone underlying infected periosteum

revealed that the number of particles associated with the

osteoblasts grew progressively fewer, the further towards the

centre of the bone the specimenswere taken from. The same

characteristics were exhibited by the periosteal osteoblasts,

shown by those found in the bone. The general pattern of bone

ossification appeared to be like that of normal bone, but with

a rather more random nature of 'layering',

muscle te si oris. Although several different cell types were

recognised in the muscle lesions, these lesions seemed to be com¬

posed mostly of degenerate or abnormally differentiated muscle

ceils. These cells were easy to distinguish, since they con¬

tained the easily recognisable fragments of muscle myofibrils.

Other cells which were frequently seen, were plasma cells,

fibrocytes and multinucleated cells resembling myoblasts. With

the exception of the blood cells, the muscle cell-types gave the

impression of being related in a degenerative, or an abnormally

proliferating, sequence. Both the muscle cell, and the connec¬

tive tissue type of ceil, showed clusters of viruses in intimate

contact with the ceii membranes. In this location, the regions

of cell membrane associated with the particles were somewhat
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less extensive than those found in the periosteum. However,

as can be seen from plate 2, page"5^ , there are numerous
A •

1,10OA to 1,2OOA particles associated with lesions. The

periphery of the lesions often merged indistinctly with nor¬

mal muscle tissue. Here, the difficulty in distinguishing

degenerate cells from abnormally differentiating stem cells, is

apparent. One cell contains highly differentiated muscle myo¬

fibrils, another only a few traces of fibrillar remnants.

Kidney. The kidneys of florid cases of osteopetrosis

appeared to be extensively infected with particles similar in

structure to those found in the periosteum and muscle lesions.

Several different regions of the kidney appeared to have high

concentrations of particles, although in the majority of cases

examined, the cells in association with these particles did not

seem to he obviously different from the normal kidney ceils

examined. Considerable quantities of particles were found in

the glomerular region, on the epithelial cell side of the blood/

urine barrier. Particles were not found in the blood in the

region of the glomerular tuft, but large numbers were frequently

seen in the tubule (the urinary space) around the epithelial

cells which extend over the capillaries (plate b, puge36).
These cells often have bud-like processes terminating in elec¬

tron dense tips, which are structures never observed in the

normal kidney, (plates 105 11, 12, puges^ it is

obvious that very high concentrations of the particles can build

up in this region of the kidney.

Further down the nephron, the particles, whilst still found
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in the lumen of the tubule, are also found in other locutions.

At the junction of adjacent cells, and between kidney cells and

the basement membrane surrounding the tubules, small concentra¬

tions of particles are found. In these regions, individual

particles are often observed. Perhaps it is of interest, at

this juncture, to point out the ease in distinguishing distal

and proximal sections of the tubules: the designation of the

cells is readily made. Particles have been seen in both the

distal and proximal sections of the tubules, and there appeared

to be no preferential association. However, particles were not

found in close contact with the adjacent surfaces of the cells

lining the collecting tubules, although many virus particles

were often found in the lumen at this point. A more complete

picture of kidney involvement will be mentioned later in Section

V of this work, but the observations reported above seemed to be

the most commonly found pattern of distribution of the particles.

It was assumed that, since there was a high concentration

of particles in the periosteum, muscle lesions and kidney, and

since it has been previously shown that the blood was infective,

there would be a high concentration in the retuculo-endotheiiai

system. The liver and spleen were next examined.

Spleen. This is an extremely Gifficult organ to study,

since the organ's ultrastructural morphology has not been com¬

pletely described in detail (Rhodin, 1965b). Only identifica-

tlon of 'some' individual cells was made, and the general pat¬

tern of distribution of the particles in the spleen is obscure.

It is probable that there is an association between the
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reticular cells and the particles, but, since the identification

of cell types is on the basis of eliminating the more easily

recognisable groups, then this assumption must be tentative.

However, the particles were frequently found associated with

colldgen fibres (plate 4, page ^"7 }. In this organ, particles

were found in intra-celluiar vacuoles for the first time. The

cells In which the particles were found were classified as

macrophages, and this was the only tissue, together with the

blood, in which intra-cellular particles were observed. The

concentrations of particles in the spleen were usually very

sparse, and even in florid cases of osteopetrosis, where large

numbers were found in the kidney, periosteum and muscle lesions,

the groups consisted of only a few particles.

Liver. Kupffer cells in the liver are well known for the

rate at which they take up free particles from the blood. How¬

ever, until now, only very occasional particles have been found

in intra-cellular spaces. Particles have never been observed

between cells, or in contact with cell membranes.

Testes _ The testes have, been previously described as

juvenile, and contained large numbers of closely packed sperma¬

togonia and spermatocytes. There appeared to be no lumen in

the seminiferous tubules, and consequently, most of the typical

features of the mature testes were missing. The interesting

discovery here was that, even around these undifferentiated

spermatogonia precursors, a small, but relatively constant,

number of particles were observed (plates 5, 6, puges39}3^
Ovary. The picture of the ovary was comparatively similar
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to the testes, in that the organ was composed of juvenile,

closely packed, cells. In this organ, the cells were mostly

germinal epithelial cells, closely packed, but oocytes were not

examined in detail. However, particles were found at about

the same concentration as that found in the testes, (plates 7,

8, pages4-0, A-\ ) .

Pancreas. This organ appears essentially normal in most

infected birds. A large proportion of the tissue is composed

of pyramidal acinar cells forming lobules, which are bound toge¬

ther by loose connective tissue, rich in capillaries. Conse¬

quently, since the normal and infected organs appeared to have

identical morphological features - even at the ultra structural

level - it was with some surprise that once again particles were

observed around the peripheries of the cells. The only obvious

macroscopic difference between the infected pancreas, and pan¬

creas from control birds, was the presence of small black spots

on the surface of the infected organ. These spots had the

appearance of melanotic granules but the complete electron

microscope description was not attempted, due to the difficulty

which was encountered in the isolation.

Marrow. The marrow of infected birds, as suggested by

light microscope work, was basically normal. The tissue con¬

tained rather more blast-type cells than would normally be

encountered, but there was no leukaemia or any abnormal cells.

The large numbers of young, undifferentiated cells, was probably

due to the constriction of the marrow cavity by the abnormally

proliferating bone. A few particles were observed in vacuoles
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contained in macrophugeous blood elements.

CONCLUSIONS FROM THIS WORK

The morphological changes from the normal, associated with

this pathological condition, have been dealt with only briefly,

since the object of this work is to characterise any trans¬

missible agent found responsible for osteopetrosis.

Obviously, the first conclusion which can be drawn from this

electron microscope survey is that a particle, approximately

1t000A in diameter, is associated with osteopetrosis. A par¬

ticle of this type is possibly the causative agent for the bone

and muscle lesions,since these lesions contain very large numbers

of particles. Evidence from the filtration experiments add fur¬

ther proof of the relationship of a particle of this size with

osteopetrosis. However, this evidence does not in any way prove

the causal relationship of particle and pathological condition.

Firstly, the particle must be characterised.

The results of Ms examination suggest that the particle

is, in fact, a virus, for the following reasons:

1, the general morphology of the particle is similar to

that of other ether sensitive, myxoviruses of the Rous, or leu-

kaemic, type:

2. tissues in which high concentrations of particles were

found, exhibited the phenomenon of budding from the cell mem¬

branes. This feature is a characteristic of the previously

mentioned Rous type of virus, and the sequence of budding des¬

cribed in more detail in plates 9, 10, 11, 12, on pages 42, 43,

44, 45, is typical of this group of viruses. An interesting
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feature of this budding which does not appear to have been re¬

ported previously for any other similar virus, is the localisa¬

tion in the cytoplasm of small densely staining osmiophilc gran¬

ules near the cell membrane of infected cells. These particles

are probably ribosomes, but appear to be in larger numbers in

the cytoplasm adjacent to cell membranes which are actively bud¬

ding off viruses. Further study of these structures could

prove very interesting, if they are, in fact, related to the

replication cycle of the virus;

3, Following from the assumption that these particles are

being produced at the membrane of cells, the presence of intra¬

cellular virus is probably due to phagocytosis. Only cells

like the macrophages of the blood have intra-cellular virus,

and these cells do not show budding. it is then probable that

normal phagocytosis is not the normal method of entry, by the

virus, into the cell.

4. Holmes (1958) claims that the route of vertical trans¬

mission from parent to offspring is via the egg (either with

the ovum or the sperm). This observation, coupled with the

fact that virus particles are found in the testes and ovary,

(even though at the stage examined, these organs were non-

functional), suggests a causal relationship between the 1,100A

particles and osteopetrosis. Contamination may, of course,

take place from the urine, which is possibly, on the evidence

presented here, the normal route for horizontal transmission.

Having now tentatively established the presence of virus¬

like particles in the tissues, it was considered important to

verify this point beyond reasonable doubt. The following

section reports a series of experiments designed to do this.
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TABL£2page33
CONDITIONSASSOCIATEDaiTHOSTEOPETROSIS.REVEALEDHY

POST:■jQRTKM\N»I..IOHTMICROSCOPEHISTOLOGICLEX\MIN\TION Ageinmonthsatterminationofexperiment
TypeofTotal lesion1-22+3+4+5+6+7+8+9+10+11+12

Bone2283723119131021118 Muscle00443310000318 Renalcyst...025312120O0S21 Renaltunour.O0102110011512 Monoblastic0000000000044 tumour

Totalnumberofbirdsinjectedwithwholeblood=232 %developingbonelesions=51.4



PLATE 1

Periosteal ceils from a typically thickened bone of an

osteopetrotic bird. An oste blast can be seen in the centre

of this plate with a large number of 1, lOOtA. particles around

the periphery of the ceil.

The line underneath this, and subsequent, micrographs

represents iU. unless otherwise seated.



 



PLATE 2

Muscle lesion cells. The cell in the upper part of

the plate has remnants of myofibrils in the cytoplasm.

However, the cell in the centre of the plate is probably

a fibrocyte. Both cells have 1,100a particles in inva¬

ginations of their cell membranes.
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PLATE 2

I 1



PLATE 3

Glomerular region of a kidney from a bird infected

with osteopetrosis. Many particles can be seen in the

urinary spaces and occasionally bud-like processes can

be seen in the cell membranes of the epithelial cells.

No particles are visible in the blood capillaries.
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PLATE 3
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PL.TK 4

Spleen from a bird infected with osteopetrosis.

These cells are prob.bly reticular cells interspersed

with collagen fibres. Several particles can be seen

amongst the collagen fibres in the centre of this plate.



 



PL\TE 5

Testis from a bird infected with osteopetrosis.

The seminiferous tubules are completely filled with

undifferentiated spermatogonia and spermatozoa. Three

single particles can be detected in the intercellular

spaces.



 



PLATE 6

This is a higher magnification of part of the

previous plate. A single particle can be seen

between two adjacent spermatocytes.



 



PLATE 7

Low power micrograph of part of an ovary from an

osteopetrotic hen. .Particles can be seen in the

collagenous layer running from the top left to the

bottom right.
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PLATE 8

Higher magnification of part of the previous plate.

Particles can be seen amongst the collagen in a similar

fashion to those found in the spleen.
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PLATE 8

i
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PLATE 9

Part of a periosteal cell. This micrograph shows

the Intimate association of particles with the cell

membrane,
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PLATE 9



PLATE 10

Kidney epithelial cells: this micrograph shows

budding from the cell membrane. a' considerable num¬

ber of ribosomes appear to be concentrated in the cyto¬

plasm near to the buds.
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plate 10
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PLATE 11

Kidney epithelial cells showing budding.

J

\
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PLATE 12

Kidney epithelial cells showing budding.
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PLA TE 12
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SECTION III

THE CHARACTERISATION OF THE OSTEOPETROSIS VIRUS

INTRODUCTION

In order to prove that the particles observed were viral

particles, and indeed the causative agents, a number of tests

were devised. The importance of these tests cannot be too

strongly emphasised, since it is extremely difficult to demon¬

strate, conclusively, the causative agent of a virus-induced

pathological condition. The dangers inherent in this type of

false assumption are so great that workers, particularly in the

field of human virology and pathology, should take the greatest

care in its establishment. Passenger viruses are common¬

place, and the case of recent observations on tissue cultured

material obtained from a case of Birkett's lymphoma serves as

an example of the confusion that these 'coincidental' viruses

can cause. In this case (Epstein, 1964), tissue culture pre¬

parations from the tumour, after having been passaged for eight

or nine generations, were shown to contain no fewer than nine

different viruses. Some of these viruses were shown to be of

known types, and could be classified easily, whereas others

could not.

The sort of question which should be asked in the investi¬

gation of a condition thought to be virus-induced, where a typi¬

cal cellular particle is demonstrated, should be "Is this

a virus, and, if so, is it a passenger, or the cdUsative agent?"

Consequently, the aim of the next part of this work was, firstly,

to prove that the particles were indeed viruses, and secondly,
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to prove that they were the causative agents.

Several techniques were used to determine these two

points, and those used to show the particles to be viruses,

on the basis of their similarity with other known viruses, are

described below. The different types of tests are here des¬

cribed .

1, Knowing something of the distribution of the particles,

from the electron microscope survey, it was considered probable

that a light microsctpe histological examination of infected

tissues would reveal considerable information of the particles'

composition. It was also thought that histochemical procedures

might be adapted for use in the electron microscope. This fac¬

tor was constantly borne in mind in the choice of all procedures.

2, After examining sectioned material, isolation of the

particles was attempted, in order to compare the specificity of

sectioned stained material and the isolates. Some purified

virus particles have revealed considerable details of their

structure by the negatively staining technique used in elec¬

tron microscopy, (Home et al, 1959). This technique has also

been very useful in assay work, and it was hoped that a quick

count of the number of virus particles in a preparation could

be carried out in this wa^, (Watson et al, 1963). Unfortun¬

ately, previous reports of this type of treatment of virus

particles of similar morphological type have not been favour¬

able. However, this technique of negative staining is useful

for checks on the purity of virus preparations.

3, A high resolution examination of the osteopetrosis
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particles was cairied out ir. order to compare their character¬

istics with those of similar known viruses.

4. Finally, two accepted characteristics of viruses, namely

ether sensitivity and haemagglutination, were tested. These

two properties can help in the classification of a new virus,

since both can relate to the outer coat of the particle: ether

denatures this coat and renders the particles uninfective,

(Andrews and Horstman, 1949), and the haemagglutination test

works oniy if there are haemuggiutinating groups associated

with the virus, (Anderson, 1959). Haemaggiutination is an

extremely good assay technique for viruses which react with red

cells.

HISTOLOGICAL EXAMINATION OF INFECTED TISSUE

MATERIALS AND METHODS

Light Microscopy. There are many histological techniques

available for the specific localisation of cytoplasmic consti¬

tuents, ana only a selected,few were used. However, in each

case the fixative, stain or extraction technique used in this

work, was, for the component under consideration, chosen for

its apparent established specificity. A rather detailed account

of each method is included here, so that this specificity, or

its limitations, can be considered. The standard works of

Brachet (1955), Culling (1965), Dariielii (1953), Click (1949),

Gomori (1952), Kopuc (1955), and Lison (1936) (1953) were used

as guides to techniques and procedures.

Tissues. All the tissues examined in Section II of this
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thesis were routinely examined with haematoxylin and eosin,

and methyl green pyronin, However, since the infected kidney

tissue and the muscle lesions showed the biggest concentrations

of virus particles, these two tissues were chosen for the lipid,

protein, glycogen and detailed nucleic acid determinations.

Fixatives. All the specimens were sectioned after dehy¬

dration and embedding in paraffin wax by standard techniques.

The enzymic work was carried out after the paraffin had been

removed or more frequently in sections cut on a freezing micro¬

tome. *his latter technique gave extremely good results with

glutaraldehyde fixation. On the evidence accumulated from the

literature, it would appear that glutaraldehyde is both theor¬

etically and practically the best fixative available for both

light and electron microscopy, (Sabatini et al, 1962).

1 • Oamo.y ' s Fluids (1 and 2) (Nuclear Fixatives) . These

gave excellent results with ribonuclease digestive, but unfor¬

tunately gave a great deal of cytoplasmic distortion, and

generally shrank the tissue. Shrinkage could be reduced if

the specimens were kept at Q"C. during fixation. Unfortun¬

ately, water tended to remove the basophilia from ceils fixed

in this way, but, even so, this was a good fixative for deter¬

mination of nucleic acid distribution.

2. Formal Saline. This is a good general fixative, pro¬

vided it is buffered to prevent the formation of formal pigment,

and provided the tissue is well washed to remove the excess

fixative before histochemical treatment. Formal saline was

tried for ail the stains and found to be the best one for fat

tests.
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3. Zenker's Formal. Like formal saline, this was used

with fairly good results, giving good cytoplasmic fixation.

However, although Brachet (1953) recommends Zenker's with R.N.A.

digestion, it was found to form insolible precipitates due to the

mercuric chloride. Zenker's was not used for any nucleic acid

determinations, but for all the other estimations.

4. Newcomer's Fluid. This fixative penetrates rapidly,

and was originally devised for the fixation of chromosomes.

The preservation of the chromosomes is better than with Carnoy's

fluids, and the Feulgen reaction is consequently much improved,

(Culling, 1963).

5. Osmium Tetroxide. Since osmium acid was used exten¬

sively for the electron microscope work, it was also tried as

a fixative for light microscopy. The penetration was so slow,

only pieces two to three millimetres cubed could be treated;

these were too small to be practica ble for light microscopy.

6* Glutaraluehyde. The buffered solution identical to

that used for electron microscope preparations was tried for

light microscopy. This proved to be most effective, and will

probably become more generally accepted as a light microscopy

fixative. Since preservation of morphological detail is ade¬

quate for electron microscope work, and the preservation of

enzymic activity is also very good, (Sabatini, 1962), this

fixative was used extensively.

Serra's solution, Bouin's, Fleming's and Schaudin's solu¬

tions were also tried, but were not as effective as the fixatives

reported a bove,
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RESULTS AND DISCUSSION

The descriptions of staining techniques, the results, and

the discussions for each stain used have been considered to¬

gether, in order that the conclusions from this part of the

work can be appraised more easily.

Haematoxylln and Eosin. (Fixation: all fixatives des¬

cribed above). This is the routine stain which is most com¬

monly used, due to its durability, easy differentiation, and

comparative permanency (Culling, 1963). For all routine

examinations, Mayer's haemalum was chosen since it gives a good

differentiation of general cytoplasmic detail. No details of

particles, corresponding to those seen in the electron micro¬

scope, were seen in tissues examined with this stain.

Glycogen detection. (Fixation: Formal saline, glutar-

aldehyde, Newcomer's fluid.) It has been concluded by Hale

(1957) and Bensley (1959), in comparisons of the methods for

demonstrating glycogen microscopically, that the Bauer Feulgen

method (Bauer, 1933), was by far the best technique. This

reaction depends on the action of the aldehydic groups of the

carbohydrate on the Feuigen reagent. Fresh saliva was used

to remove glycogen before staining in control sections.

Glycogen was found only in very small, intra-cellular concen¬

trations staining bright red: there was no indication of inter¬

cellular concentrations of this stain at the bases of the prox¬

imal or distal cells which lined the tubules, or around the

cells of the muscle lesions.

Protein Tests. (Fixation: Formal saline, glutaralde-
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hyde.) Mazia et al (1953) described the adaptation of bromo-

phenol blue, as used for protein tests in paper chromatography,

to cytochemistry. Basic protein will stain without the mer¬

curic chloride, but other proteins bind the dye by coupling

through the Hg group. Structures joining basic proteins show

enhanced staining after removal of nucleic acids by trichlor¬

acetic acid. The stain was tried with and without mercuric

chloride. The cytoplasm stained bright blue, and the nucleus

c darker blue. In none of the sections examined was the peri¬

phery of the infected cells in any way different to that of the

non-infected cells.

Lipid Tests. (Fixation? Formal saline, gJutaraldehyae.)

Formalin fixation has traditionally proceeded staining for fats.

Burden (194U) has studied the chemistry of the specificity of

sudan blacK, and has concluded that its specificity is high for

neutral fat. However, C'hiffelle and Putt's propylene glycol

method (modified by Culling, 1963), gave an apparently more

definitive stain. In sections treated with these stains, and

particularly in the kidney tissue, there was a suggestion of

cell membrane thickening, in the regions between the baseaient

membranes of the tubules and the bases of the cells. Osmium

tetroxide used as a stain after glutaraidehyue fixation also

indicated probable inclusions in these regions. Of the two

fat stains, osmium tetroxide, staining after giutaraldehyde

fixation, was the best method of showing the lipid localisation.

Danielli (1953), however, reports that the mode of action of

osmium tetroxide is uncertain, but, even so, he recognises

a degree of selectivity of the stain for lipid inclusions.
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This lipid test was the first one to indicate the existence of

particles in the light microscope. It is not surprising that

structures preserved so well in electron microscopy prepara¬

tions should be visible in the light microscope.

Examination of Nucleic Acid Content of Osteopetrosis

infected Kidney and Muscle Lesion Tissue.

Differential extraction techniques. The best methods of

detecting nucleic acids are those based on the specific ultra¬

violet absorption at 2,600Aj these were not available, and so

whole cell sttining methods were again used throughout. In

each stain used, secti onscjinf e cted and normal tissue were com¬

pared with other similar material, after the following treat¬

ments .

1. Hot trichloracetic acid (T.C.A.) was used to remove

ribonucleic acid (R.N.A.) and desoxyribonucleic acid (D.N,A.),

as described by Xurnick (1955), Pollister and Ris (1947).

TO? perchloric acid, at 4°C.; this treatment removed

R.N.A. differentially, leaving D.N.A. This extraction was

used In conjunction with to.luidene blue and methyl green pyro-

niri staining, as recommended by Drachet (.1957) and Di Stephano

(1952).

3. N-HC1 at 6C°G.: extracts R.N,A, and depolymerises

D.N,A.; consequently, this reaction is an integral part of

the Feulgen reaction, and can be used for differential nucleic

acid tests.

4 . Specific digestion with R.N.A.-ase: the lack of speci¬

ficity, suggested by Danielli (1953), due to contamination by
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other enzymes, interference by proteins having access to the

nucleic acid substrate, and the inaccessibility of the 'core'

of R.N.A,, (Loring et al, 1947), are difficulties which have

now been overcome. This has been due to the preparation of

crystalline enzymes (Kurnitz, 1950), increasing the specificity

by improving the purity. The proteolytic enzyme associated

with R.N.A.-ase preparations are in such low concentrations

thai they have no effect on tissues and give no reason to sus¬

pect the value of R.N.A, localisation, {Brachet, 1957;

Kurnick, 1955). In the treatment of osteopetrosis infected

tissues, an apparently non-specific inhibition of the enzyme

was encountered. This was found to be caused by the presence

of metal ions which had been introduced into enzyme solutions

during weighing procedures.

Staining Techniques for Nucleic cids

1. May-Grunwald Glemsa. (fixatives: Carnoy's fluid,

glutaraldehyde.) Jacobsen and Aebb (1952) reported differ¬

ential staining of nuclei, nucleoli and basophilic cytoplasm,

by using viay-Grunwald stain, followed by Giemsa. When the

purple-red coloured regions in these sections were compared

with the positively staining regions in Feulgen preparations,

identical results were recorded. This method was claimed to

be more sensitive than methyl green pyronin as a test for

R.N.A., since the red R.N,A. pyronin stain can be masked by

the methyl green D.N.A, stain. Jacobsen and Webb also showed,

by isolation experiments, that desoxyribonucleoprotein (D.N,P.)

and rlbonucleoprotein (R.N.P.) also took up the stain, D.N.P.

staining purple-red, R.N,P. staining blue.
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This characteristic was used successfully by llorno (1067)

to detect R.N.P. and D.N.P. In the experiments carried out

with this stain to determine the presence and nature of the

virus particles, there was no suggestion of 'inclusion' bodies

in the predicted regions, and there were no detectable differ¬

ences between infected and non-infected cells.

2* Toluldene Blue. (Fixation: Carnoy's fluids,

glutaraldehyde,) This is an extremely easy stain to use, and

Michaelis (1947), in a discussion of basic dyes and nucleic

acids, states that T B. combines stoichiome trically with nucleic

acids. Lindegren (1951) places more confidence in this method

than in methyl green pyronin. Even though Brachet (1955)

thinks it is inadequate when there is a lot of R.N.A., ani is

also unable to differentiate between R.N,A, and D.N,A., it was

thought that this stain might prove useful for the initial

detection of the particles, Unfortunately, there were no

detectable differences between the control material and the

tissue known, from the electron microscope examination, to con¬

tain particles,

3. Methyl Green Pyronln (Unna Pappenhelm). (Fixation:

Carnoy's fluids, glutaraldehyde.) Brachet (1952) has used this

stain in conjuction with R.N.A.-aae to demonstrate the presence

of R.N.A,; this has been referred to by Abolins (1952) as the

Brachet-Pappenheim cytochemlca I method for R.N.A, This proved

to be the best way of detecting the viruses with the light

microscope. If used to stain polymerised D.N.A, and R.N.A,,

a mixture of methyl green and pyronln stains the D.N.A.
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selectively with the methyl green. In fact, Jacobsen and

Webb suggest that methyl green masks pyronin in tissues con¬

taining D.N.A. and R.N.A. This has not been found in the

present studies, since nucleoli stand out well, but this may

have been due to the use of glutaraldehyde as a fixative, which

has not previously been described. Alternatively, with

depolymerised R.N.A. and D.N.a., pyronin stains selectively,

(Kurnick, 1949). This reaction, in the case of methyl grten,

is due to a stoichiometric reaction between the Feulgen reagent

and the polymerised D.N.A, (Kurnick and Mursky, 1949; Kurnick,

1950). However, it was assumed that in sections stained with

methyl green pyronin, red staining corresponded to regions with

high D.N.A, contents, and green staining indicated R.N.A.

Thi s stain revealed extensive, though narrow, regions of green

staining, corresponding to the distribution of particiea seen

in the electron microscope. These R.N.A. staining regions

were at the buses of cells, or, to a leser extent, between the

cells, but appeared rather more diffuse than the electron micro¬

scope photographs would suggest. This could have been due to

fixation and staining, resulting in diffusion of the R.N.A,

away from the original location.

4. Fluorescent Microscopy. (Fixation; Carnoy's fluids,

glutaraldehyde.) This work wa» based on techniques described

in Armstrong's review (1956), in conjunction with the fluorescent

stain acridine orange at p.H. 3.6 - 5.2. The best staining was

found to take place at approximately p.H. 4.3 - 4.5. On

occasions, very intense flame-red spots werefbund in regions
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where the virus particles were expected to be, but this stain

was found to be inconsistent for sectioned material, although

suitable for smear preparations of partially purified virus.

It could be concluded from this that the ucridine orange is

probably detecting R.N.A., and that the virus particles do

contain R.N,A.

EXAMINATION OF PARTIALLY PURIFIED VIRUS

INTRODUCTION

The previous histochemica1 examination revealed that the

particles were probably composed, at least in part, of R.N.A.

and osmiophilic material. Since the staining of the R.N.A.

positive material was merely 'in the same region' as that shown

to be occupied by particles in the electron microscope, this

evidence gave no indication of the exact location of the R.N.A.

with respect to the particle. This R.N,A, may have been due

to the syntheaising components in the cytoplasm, rather than

to the particles themselves. Consequently, the particles were

isolated from the infected tissues, in order to demonstrate their

basiophilic nature, and the kidney was chosen as the most easily

obtainable, and prolific, source of virus.

MATERIALS AND METHODS

Bather (1954) reported that a sequence of high - low

centrifugation cycles of macerated tissue containing virus

eventually gave relatively pure samples of virus. Kidney

tissue and blood were treated by a purification scheme,

similar to that described by Bather, and details of the
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sequences can be found on pageXViuof the Appendix.

The purity of the resultant pellet was checked by exam¬

ining negatively stained, spray droplet preparations in the

electron microscope, and was found to be relatively free of

cell debris: this technique is described later, on pagr 60
The precipitates obtained from the centrifugation cycle were

then treated in the same way as Epstein (1960) treated Rous

Sarcoma virus (R.S.V.) after fluorocarbon purification,

fhis involved smearing the final preparation, which appeared

fairly homogeneous in the electron microscope, onto several

microscope slides. The slides were then treated with either

hot T.C.A., 10% perchloric at 4°C., N-HC1 at 60°C., R.N.A.-ase

digestion, or distilled water, in exactly the same way as the

sectioned material in the preceeding section.

All the slides were then stained ivlh acridine orange,

according to Armstrong's description, and compared with smears

obtained from pellets of normal kidney macerates, prepared in
the same way.

RESULTS AND DISCUSSION

When staining R.N.A., acridine orange fluoresces with an

intense flame-red colour, as previously described. This is

unmistakable, and so the slides were scored arbitrarily as

being: -

+ meaning intense homogeneous red

meaning no flame colour at all

+ very few, very small specks of red.
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Fluorescence. The results can be summarised in the

following table.

Treatment Smears froni pellets Smears from pellets of
of normal tissue osteopetrosis"infected

tissue

T.C.A. - -

Perchloric - -

Hot N-HC1 - -

R.N.A.-asc - -

Cold water ± +

Hot water ♦ +

Untreated + +

In all the slides treated to remove either total nucleic

ac4d or R.N.A. alone, no fluorescence of the flume-red colour

could be found. Conversely, all three smears of the osteo¬

petrosis infected tissues, stained fter treatment with hot or

cold water showed considerable amounts of the flame-red colour.

The distribution of the stain in the smears from pellets from

infected tissues was such that the whole slide was red, and the

colour varied in its Intensity only at points at which the srnear

was too thick to allow the ultra-violet light to penetrate.

In smears obtained from normal tissues, there was only very

slight fluorescence, in the form of small discrete specks.

This could be explained by the fact that on examination in the

electron microscope, these control preparations were shown to

contain some cellular debris. It was assumed that some of this

material was basophilic - being either fragments of endoplasmic

reticulum, or even, occasionally, free ribosomes. Consequently,
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these contaminants would also take up the stain.

As a result of this examination, it was concluded that,

since the smears from infected tissues consisted of relatively

homogeneous preparations of virus, and since these preparations

gave a much more positive acridine orange reaction, the particle

was composed, in part, of R.N,A*

NEGATIVE STAINING PR KP Vf'.-TjONS

INTRODUCTION

The examination of viruses by this technique has been

frequently used for the investigation of virus uitrastructure.

General reviews of the subject can be obtained from the work of

Brenner and Home (1959), SVildy et al (I960), and Kay (1961).

Excellent micrographs have been obtained of some viruses, for

example, herpes simplex, polyoma-types, rheo-vlruses, and the

phage group, giving very high resolution of virus detail.

Unfortun itely, the leucosis virus type, which osteopetrosis

virus pirticles resemble, has proved unrewarding as a subject for

negative staining treatment. It appears that, as this type of

particle dries on the grid, a considerable amount of structural

distortion occurs, with the result that the regular outline is

lost. In fact, not only is the original morphology changed,

but 'regular' artefacts are encountered. These artefacts are

the well known tailed forms of this type of R.N,a, virus, and

care should always be taken when trying to explain this type of

structure (Dalton et al, 1964). However, since the electron

microscope can demonstrate the presence of some virus particles
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in concentrated suspensions, it was hoped that a quick count¬

ing technique of the type already described, using latex par¬

ticles, could be developed. This type of quick assay would

be extre;nely useful for the osteopetrosis particles, since

growth is so slow in chickens.

MATERIAL AND METHODS

The virus suspensions were obtained by the modified Bather

technioue, as described in the Appendix, on pageMlW.
The pellets suspended In a minimal volume of ammonium

acetate buffer were then mixed (50:50) with a 4% phosphotung-

stic acid solution (P.T.A.), and sprayed onto grids filmed with

formvar and carbon with a Vaponefrln spray gun. In some cases,

the P.T.A. solution contained latex particles at a concentration
i o

of approximately 10 /ml.: the latex particles were either

880A or 2,000A in diameter.

In order to improve the negative staining properties of

these particles, some were treated with an HItrasonicator, in

order partially to disrupt them, and improve the penetration of

the stain. It was hoped that the ultrasonic degredation would

strip off the outer coat of the particles, revealing details of

the ultrastructure of the core,

RESULTS AND DISCUSSION

AH the preparations of partially purified osteopetrosis

virus which were negatively stained proved disappointing, since

the virus particles showed no regular outline or surface details,

plates 13, 14, pages'^, . These observations agree with

those of other workers who have examined other Rous-type
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particles in the same way. Particles which have approximately

the same size as that expected of the osteopetrosis virus have

been seen in large numbers, but there has been little consis¬

tency in the general morphology. Consequently, although it

was shown that there was a relative uniformity of particulate

material within the size range expected, these particles could

not be definitely recognised as the same as the ones seen in

sections. Furthermore, since there were often particles In

the preparations whose identities were douMful, this tech¬

nique could not be used for counting particles of this type.

The preparations of ultrasonicuted material showed par¬

ticles which were slightly smaller anu more irregular in outline

than those seen in normal preparations. However, no distin¬

guishing features were seen, which might suggest that the

cores had been stripped of their surrounding membranes.

ELECTRON MICROSCOPE HISTOCHEMISTRY

INTRODUCTION

Only recently have methods been evolved enabling electron

mlcroscopists to study the localisation of specific materials

In biological tissues at high magnification. Good reviews of

the subject have been written by Sabatini et al (1962) and

Luft (1959). Sabatini's work deserves particular attention,

since this consists of an analysis of a large number of poss¬

ible fixatives, in order to determine which ones are best

qualified to satisfy the requirements of both the electron

mlcroscopist and histochemist. It was this analysis of
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aldehyde fixatives, which fix by the relatively mild action of

forming electrostatic bonds, that has resulted in gluaraldehyde

being chosen as the most suitable fixative tor electron micro¬

scope histochemical analysis. Enzyme extraction techniques

developed for large pieces of tissue, or for embedded and

sectioned material, would not be completely suitable for the

study of the fine structure of virus particles. Consequently,

a technique was evolved nhich would satisfy the requirements

of specific enzyme extraction and good preservation. It was

hoped to determine the component of the osteopetrosis virus

particle which was composed of R.N.A.

MATERIALS AND METHODS

Small pieces of tissue (2 - 3 mm5) were fixed in cold

glutaraldehyde, for a period of half an hour. Tid. s tissue

was frozen and sectioned with a freezing microtome, and then

sections were replaced in the glutaraldehyde for another five

mliuH^es, to ensure complete fixation. These sections were

then thoroughly washed in several changes of distilled water,

to remove all traces of the fixative and any enzyme inhibiting

contaminants, such as free metal ions. The sections were then
jjn

ready for the enzyme i alysis, which consisted fundamentally of

the same sequence of treatments as that used for the light

microscope sections.

All the manipulations described here were carried out in

small, 0.5 x 5 cms. test tubes, using Pasteur pipettes to trans¬
fer solutions.
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The sections were:

1. fixed in a 5% glutaraldehyde solution for five minutes:

2. washed with three changes of distilled water:

3. treated with a 0.0]% solution of R,N.A#-ase in glass

distilled water, and incubated for one hour, at 37°C.:
4. washed in distilled water:

5. fixed in Caulfield's buffered osmium tetroxide fixative

n
for one hour:

6. dehydrated and embedded by the usual methods (page W

of the Appendix) for electron microscope examination.

The advantages of this technique are:

1. the tissue is quickly and completely fixed by a chem¬

ically mild process:

2. frozen sections are ideal for the complete penetration

of the enzyme:

3. the thin sections enable the fixative to be completely

removed by distilled water, so that the possibility of inhibi¬

tion of the enzyme is eliminated:

4. post-fixation with osmium tetroxide after enzyme treat¬

ments results in the substrate not being inactivated before

enzyme treatment:

5. subsequent dehydration and embedding procedures do not

extract or displace the R.N.A,

RESULTS AND DISCUSSION

The appearance of material treated with R.N.A.-ase in this

way showed only slightly inferior preservation to that treated

by conventional methods (plate 15, page~H ). The ribosomes of
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the endoplasmic reticulum system were obviously affected by

R.N.A.-ase treatment, as were the nucleoli and free ribo-

somes. All the particles and structures with a known R.N.A.

content, which had been treated with R.N.A.-ase, had a def¬

initely less dense composition that those of the controls:

this was a useful guide when examining the virus particles.

Particles which had been treated with R.N.A.-ase had a less

dense core than those of the controls. The outer membrane

system did not appear to be altered by this R.N.A. extraction
*

procedure, which suggests that the virus has an R.N.A, core.

HIGH MAGNIFICATION EXAMINATION OF THE VIRUS PARTICLES

INTRODUCTION

In order to compare micrographs obtained using the

Phillips E.M. tOO, a few micrographs were taken using an

A.E,I. E.M. 6 machine. The resolution of the E.M. 6 is
o O

claimed to -be better than 8A, compared with about 25A claimed

for the E.M. 100.

MATERIALS AND METHODS

Specimens examined at high magnification were treated

very carefuily. Tissues were fixed and embedded by the usual

techniques, but cut so that grey sections, claimed by Peachey

(1958) to be 600A thick, were obtained: normally, silver

(600 - 900/t) sections were used for routine work. The very

thin sections were then mounted on New 400 mesh copper grids,

previously cleaned in chloroform, in order to remove any

traces of grease. The sections were mounted directly on fine
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mesh grids, in order to decrease the adverse effect on

resolution, caused by supporting films. Staining was carried

out using lead citrate and uranyl acetate. In this examin¬

ation, all aqueous solutions used in conjunction with the lead

stain were made CO2 free, by boiling the water used, and
keeping them in containers provided with soda-lime carbon

dioxide traps. This precaution greatly reduced the amount

of non-specific precipitation of leud carbonate (and other

lead salts). The uranyl acetate was aJways freshly prepared,

centrifuged immediately before use, and sections stained in

a petri dish away from direct sunlight, which further reduced

non-specific precipitation.

RESULTS AND DISCUSSION

The results of this work are shown in plates 16, 17,

page , and a drawing of the probable structure, based

on these micrographs, is included on page , diagram 1.

The particle has an osmiophiiic, dense central nucleoid,

which is probably composed of R.N,A., as demonstrated in the

previous work. This central core is elliptical in shape,

and the approximate dimensions are 700A along the major axis,

and 55OA across the minor one: these figures are the means

of measurements of 200 different particles. The nucleoids

are surrounded by two distinct membranes, giving an overall

elliptical shape, of about 1,100A across the major axis, and

950A across the minor one. The two membranes surrounding the

nucleoid are probably derived from the cell membrane, from

which the viruses appear to be, in part, formed, (plates 9,
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10, 11, 12, pages 42, 43, 44, 45). The thickness of the

virus membranes (approximately 100A) compares favourably with

the accepted thickness of normai ceil membranes.

The eiiipticai shape of the particles is such that a

wrong interpretation of the structure seen in the electron

microscope can easily be made. An example of how this can

be done is shown in diugram II, page~f$ . The different

appearances of sections of the same particle could explain

the occurrence of variations in size and morphology of this

type of virus particle. Diagram II, page*7$ , shows how sec¬

tions of a virus particle, cut in different planes, could

vary in their appearance. The virus particle in diagram II

has been distorted to exaggerate this effect.

Since particles of this type have also been shown to vary

in size and shape due to their degree of hydration, (Bernhard,

1958; Sharp and Beard, 1954), it is difficult to suggest

definite dimensions for the osteopetrosis virus particle.

HAEMAGGL UTINA TION

INTRODUCTION

A quick and simple assay of certain viruses can be under¬

taken by determining the ability of serial dilutions of the

virus suspension to agglutinate erythrocytes. The haemagglu-

tinating (H.A.) viruses have been divided into three groups,

(Anderson, 1959),

1, The myxogroup, in which the haemagglutinating agent is

the virus particle itself, but which also has an enzyme (neura¬

minidase) which allows elution of the virus.
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2, A group, which includes encephulorayocarditis and

pneumonia virus of mice, which is like group 1, but differs

in that the virus does not possess an eluting agent.

3. A group of viruses producing haemagglutinin at some

stage in their life cycle, but not directly associated with

the virus particle. The basis of the quantitative assaying

of viruses using erythrocytes has been reported by Hirst

(1942a,b), and the probable mechanism is now generally accep¬

ted.

MATERIALS AND METHODS

Red blood cells (R.B.C.s) were sedimented from citrated

chicken or sheep blood by centrifugation at 2,000 r.p.m. for

five minutes. After three washes, by resuspending and sedi-

menting in 0.9$ saline (chicken R.B.C.s) or P.B.S. (for the

sheep cells), a 1$ suspension of the packed R.B.C.s was pre¬

pared in the appropriate solution. The cells, in suitably

diluted samples, were then counted in a haemocytometer.

Titrations were carried out in haemagglutination trays which

were filled with 0.2 ml. aliquots of the 1$ chicken R.B.C,

preparations. In each experiment, 0.2 mis. of the undiluted

virus suspension, prepared by differential centrifugation from

kidney tissue or blood, was placed in the first cup of the

tray. Doubling dilutions were made by transferring half of

the red cell/virus mixture from the first cup to the second,

and then half of that mixture to the third, and so on. The

trays were then left at 4°C overnight, and examined after about

twelve hours.
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RESULTS AND DISCUSSION

The haemaggiutinating capacity of osteopetrosis virus

particles proved to be completely negative. In none of the

preparations was there any sign of agglutination. All of

the other Rous-type viruses give negative haemagglutination

reactions, which agrees with the previous observations that

only the Rous-like particles could be seen in the osteopet¬

rosis affected tissues. If other viruses of the haemagglu-

tinating type had been present, obviously an H.A, reaction

would have taken place. Consequently, although this nega¬

tive result Is of little value for further investigation of

the osteopetrosis virus, it does indicate the probable homo¬

geneity of the preparations, at least with respect to haemag-

glutinating viruses.

ETHER SENSITIVITY OF PARTIALLY PURIFIED

OSTEOPETROSIS VIRUS PREPARATIONS

INTRODUCTION

The inactivation of viruses by organic solvents and bile

salts has often been used as a means of classifying viruses.

Burnet and Lush (1940) graded a number of viruses according

to their susceptibility to sodium desoxycholate and sodium

lauryl sulphate and showed the susceptibility to be the same

for the two salts.

Andrews and Horstmunn (1949) studied the susceptibility

of twenty-five viruses to diethyl ether, and showed that crude

filtrates of R.S.V. I, which were active to a dilution of

1:1,000, were inactivated to such an extent that only the
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undiluted filtrates were infective. They drew attention,

not only to the close correlation between the sensitivity of

viruses to ether and also bile salts, but also to the fact

that viruses like R.S.V. I, which are sensitive to these

reagents, are also extremely labile at ordinary temperatures.

This sensitivity has been shown to be due to the solubility

of the outer lipopfetein-membranes in the organic solvents,

(Drayton, 1960a,b). The experiments described below are

designed to show the decrease in infectivity of the osteopet¬

rosis virus resulting from organic solvent treatment.

MATERIA L3 AND METHODS

Partially purified virus preparations from infected kid¬

ney tissues, as previously described, were used for this work.

Equal volumes of the virus preparations, in 0.9% saline, were

diluted with the same volumes of ethyl alcohol, diethyl ether,

chloroform and ethylene glycol. These mixtures were shaken

vigorously for five minutes, and then centrifuged for one hour

at 0°C. in an angled head centrifuge, at 15,00Gg. The super¬

natant was discarded and the precipitate resuspended in 0.9%

saline. 0.2 aliquots of these preparations were then injected

into day-old chicks; 0.2 ml. aliquots of untreated, partially

purified, virus were also injected intramuscularly into other

day-old chicks, as controls.

RESULTS AND DISCUSSION
wi—iww mnii iiaimn imiiBii in ww *\

Without exception, each of the organic preparations com¬

pletely inactivated the partially purified virus. It is now
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well known that R.S.V.-type virus consists of an R.N.A. core

with two phospholipid surrounding membranes. Consequently,

since the morphology of the particles, as shown in the elec¬

tron microscope photographs, is identical to R.S.V.-type

viruses, the inactivation of these particles is probably due

to the essential lipo-protein coat being completely dissolved.

CONCLUSIONS

Several different conclusions can be drawn from sections

I and II of this work.

t. In the survey of tissues infected, only one type of

particle has been observed, although it was found in most of

the tissues examined.

2. This particle is, in part, composed of R.N.A,, since

the light microscope histochemical examination showed a high

degree of basophilia in those regions of infected tissues

shown, by the electron microscope, te contain particles.

Glycogen and protein staining gave negative results for these

regions.

3. Enzymic extraction of the core with R.N,A*~ase showed

that the central, dense part of the particle, designated the

nucleoid, was composed of R.N.A.

4. The particle has a lipid component as shown with the

light microscope by its osmium staining characteristics.

5. The presence of a jlipid component is further proved

by the ether sensitivity of the partially purified preparations

6. The high magnification photographs indicate a structure
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consisting of a dense central nucleoid with two surrounding

membranes, which are probably the lipoprotein component of the

particle. The overall size is approximately t,100A.

7. These virus particles are certainly necessary for the

development of osteopetrosis since the filtration of infective

preparations with millipore filters indicates that the infec-
O o

tivity was associated with particles between 1,OOOA and 2,000\

in diameter. The ether sensitivity further substantiates

this point.

8. There was no other evidence to suggest the presence of

another structural type of particle, so that, although there

is no evidence to suggest that the particles are identical

from a genetical or immunological point of view, morphologic¬

ally, the population was homogeneous.



TABLE3

SUMMARYOFHISTOCHEMICAL
Stain

Reference

Fixatives

Sectionsofinfectedkidneyandmusclelesions Haematoxylin andEosin

Culling (1963)

Glutaraldehyde Carnoy'sFluids Formalsaline Zenker*sformal Newcomer'sfluid Osmiumtetroxide

Bauer Feulgen

Bauer (1933)

Newcomer'sfluid Formalsaline Glutaraldehyde

Bromophenol Blue

Maziaetal (1953)

Formalsaline Glutaraldehyde

Sudanblack Osmium Tetroxide

Chiffelle Putts(modi¬ fiedbyCul ling,1963) March!'s Method (Modified)

formalsaline Glutaraldehyde Forfatalsaline Glutaraldehyde

page73

EXAMINATION Extraction

Comments

None

Noneofthefixatives,in combinationwiththisstain showedthepresenceofthe particlesobservedinthe electronmicroscope
Fresh saliva

Noevidenceofparticles withthesefixatives: particlesnotglycogen
None

Noevidenceofparticles witheitherfixative: particlesnotproteinones
None

Noevidenceofparticles witheitherfixative:." notIparticles
None

Smallblackinclusionbod¬ iesfoundbetweenkidney ceiisandaroundedgesof cellsofliver:lipid componentassociatedwith particles
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summaryofhistochemicalexamination
page74

Stain Methyl green pyronin May Grunwald Giemsa Toluidene Blue Acrldine Orange

Reference

Fixatives

Extraction

Comments

Brachet (1952) Jacobsen andWebb (1947) Michaelis (1947) Armstrong (1956)

Carney*sfluids Glutaraldehyde Carnoy'sfluids Glutaraldehyde Carnoy'sfluids Glutaraldehyde Carnoy'sfluids Glutaraldehyde
HotT.C.A. lOJfPerchloric N-HC1at60C. HotT.c.a. tO$Perchloric n-fICiat60°C. r.N.a.-ase HotT.C.A. 10JEPerchloric N-HC1at60°C. R.N.a.-ase HotT.C.A. \0%Perchloric N-HC1at60°C.

R.N.A.—ase

Nucleicaciddeterminationofsmearpreparations Acridine Orange

Armstrong (1956)

None

Hott.c.a. 10%Perchloric N-Hcl R.n.A.-ase

Regionswhichwouldbeexpectedtocon¬ tainparticlesdemonstratedinthee.m. stainedredwiththisstain.Allthe extractingtechniquesremovedthered stainingmaterial:RN.A.associated withparticles.
Nodetectabledifferencesbetweennormai tissueandtissueinfectedwithosteo¬ petrosis. Nodetectabledifferencesbetweennormai tissueandtissueinfectedwithosteo¬ petrosis. Ratherinconsistentresults:acridine orangefoundtofluoresceinregions wherevirusparticlesexpected:.*. R.N.A.particles. Inallsectionstreatedtoremovetotal R.n.a.,orR.N.a.alone:nofluorescence Unextractedpreparationsfrominfected tissuesshowedconsiderablefluorescence. .*.r.n.a.present.



PLATE 13

Negatively stained preparation of partially purified

osteopetrosis virus preparation. Tailed forms of the

particles can be seen, but it is difficult to distinguish

the viruses from pieces of cell debris.
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PLATE 13



PLATE 14

Negatively stained preparation of partially

purified osteopetrosis virus.



 



PLATE 15

R.N.A.-ase treated osteopetrosis virus particles

in a section of infected kidney. The virus par¬

ticles are situated in an intercellular space between

two proximal tubule cells. The ribosomes and the

nucleoids of the viruses no longer stain as densely as

untreated R.N A.-containing structures.
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PLATE 15

1
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DIAGRAM I
Osteopetrosis virus.

outer membranes.

hock looox
950A 85C

T

n ucleoid

DIAGRAMJL
This shows the variation in appearance

of sections of the virus ctt in different planes.



PLATE 16

This micrograph was taken in an A.E.I. E.M. 6.

The central core of R.N.A. and the two outer mem¬

branes of the osteopetrosis virus pi rticle can be

seen.

PLATE 1 7

This micrograph was taken using a Phillips

E.M. 100. The dense R.N.A. core and the lipo¬

protein membranes can be seen.
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PLATE 16

1000A
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PLATE 17

1000A
I
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SECTION IV

ASSAY OF OSTEOPETROSIS VIRUS

INTRODUCTION

A considerable amount of time was spent in trying to grow

viruses on the chorio-ailantoic membrane (C.A.M.) and in tissue

culture, but since the results were extremely inconsistent and

in many cases not reproducible, this work is only mentioned

briefly. In order to study the general growth pattern of

osteopetrosis virus, it was thought necessary to find a way of

cultivating the virus in vitro. A system in which the environ¬

mental factors can be closely controlled offers obvious advan¬

tages. In the case of the osteopetrosis virus, since growth

in chickens uppears to be so slow, both the cultivating and

assaying of the virus in vitro would be very useful.

From the previous two sections of this work, it has been

assumed that the osteopetrosis virus is probably like some of

the other avian tumour viruses, in its characteristics. Conse¬

quently, some of the established methods of culture used for

this type of virus were tried. R.S.V. itself was first grown

on the C.A.M. of the chick embryo by Rous and Murphy (1912) and

later by Keogh (1938). These observations were used by Rubin

(1955), Prince (1958), and Vigier (1959) to develop quantitative

assay technijues, depending on pock counts. Fairly accurate

titre values can be obtained in seven days by titrating a virus

extract onto the C.A.M.s of a group of eight embryos (Prince,

1958), whereas a titration by the limiting dilution method takes,

in chickens, about thirty chickens and six weeks (Carr and
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Harris, 1951), Tissue cultures of 9~day""old chick fibroblasts

have also been used to grow Rous virus (Temin and Rubin, 1958).

A similar type of virus assay to that of the C.A.M, assay can

then be made with the cultired cells, since cells which become

infected with Rous virus divide and produce characteristic

'mounds' of cells. If the Infected cells are overlaid with

nutrient agar, this assay is then an 'infective centre' count.

R.S.V. can be grown quite easily in both tissue culture and on

the C.A.M. MH2 virus (Murray and Begg, 1930) and P.R.C. 4
virus (Carr and Campbell, 1958; Dhaliwal, 1959) have also been

reported to produce pocks on the C.A.M. which can be used for

assaying virus titres.

The leucosis viruses, specifically erythroleucosis,

myeloid leucosis, and lymphomatosis, have all been reported as

growing in tissue culture (Heine et al, 1961: Baluda and

Goetz, 1961; Rubin, 1960), although the classification of the

virus grown has occasionally been in doubt. These viruses

have not been assayed by direct pock counts on the C.A.M,, like

the previously described ones, even though erythroleucosis has

been reported to produce lesions on the C.A.M., (Campbell, 1963).

A technique has been developed for assaying leucosis viruses,

which depends on the interference of R.S.V. growth by the

leucosis viruses, (Rubin, 1960). An assay of this type

depends on the knowledge that three days or more after infection

with leucosis viruses, cultures of chick fibroblasts become

resistant to post-infection with R.S.V, This interfering

characteristic has resulted In the phenomenon exhibited by the
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leucosis viruses being called Rous-Interfering-Factor (R.I.F.).

Vogt and Rubin (1963) showed that if a graph of serial dilu¬

tions of avian myeloid leucosis virus (A.M.V.) was plotted

against the relative sensitivity of a constant titre of R.S.V.,

a linear relationship could be demonstrated. Another absolute

method of initially titrating the virus was used giving a stan¬

dard curve relating interference with the number of infectious

units. In this case, the 'infectious unit* was defined as

•the smallest amount of A.M.V. sample still able to cause resis¬

tance to R.S.V. after being passaged through three sub-cultured

cell generations'. Thus, by initially carrying out an end

point titration of serial dilutions on a single preparation of

A.M.V., u standard interference curve was produced. Subse¬

quently, other unknown samples were used to obtain dose response

curves which were compared with the standard curve. fly a com¬

parison of the two curves, the relative dilution factor could

be measured from the graphs, and thus the actual tltre in terms

of infectious units determined. Osteopetrosis is morphologi-

cally similar to the leucosis viruses, and it was thought prob¬

able that it would behave in a similar way towards R.S.V. It

was hoped that if osteopetrosis virus could be grown on the

C.A.M. or in tissue culture, without pock formation, an inter¬

ference technique of this type could be developed. This, then,

was the object of the next part of the work.



CHORIO-ALLANTOIC MEMBRANE ASSAY

MATERIALS AND METHODS

Embryos used for inoculation of virus preparations were

all 11-day-old embryos, obtained from the inbred flock of brown

leghorns, selected for susceptibility to R.S.V. 1, by Dr. John

Carr, at the Poultry Research Centre, Virus preparations con¬

sisted of either:

t. crude suspensions of macerated cells, in 0.9$ saline,

which had been centrifuged at 1,000 r.p.ra. to remove the larger

cell debris;

2. partially purified preparations, as previously described,

which were obtained from several different tissues.

Kidney and blood from birds suffering from osteopetrosis

were used as virus sources. In some experiments, the kidneys,

blood, and tumour extracts from birds which had been injected

with P.R.C, 18 and which had developed osteopetrosis were used

as sources, A description of P.R.C. 18 and its association

with osteopetrosis can be found in section VI of this thesis.

In each experiment, approximately six eggs were used for the

assay of each virus preparation.

The virus preparations were titrated on the C.A.M.s of

chick embryos, by a method similar to that suggested by Keogh,

(1938). The eggs were arranged, embryo uppermost, swabbed with

70$ alcohol, and then a triangular window cut in the shell with

a dentist's drill. A hole was then drilled in the shell

opposite the air space, and the C.A.M. 'dropped' by breaking



the egg membrane with a glass rod which had a rounded end,

0,1 ml, aliquots of the various osteopetrosis virus prepar¬

ations were then dropped onto the C.A.M,, and after the eggs had

been sealed with selotape and wax, the embryos were left to incu¬

bate for seven days. In later experiments, after three days the

eggs were opened and a quantity of R.S.V. added; giving a pock

count of 50-100 / C,A,M. The eggs were then sealed again, and

incubated for a further seven days, before pock counts were

made. In all these experiments, when R.S.V, was injected into

osteopetrosis infected eggs, equivalent aliquots from the same

Rous preparation were injected into uninfected, normal eggs, as

controls. The electron microscopy procedures used to examine

the C.A.M.s were the same as those described in section II.

RESULTS AND DISCUSSION

Attempts to grow the virus. Virus preparations from the

tissues known to be infected with osteopetrosis virus were injec¬

ted onto the C.A.M.s. The results are summarised in table 5,

page .

The response of the C.A.M. was scored as being positive or

negative, and no quantitative values can be placed on these

results. The positive response to the introduction of virus

onto the C.A.M.s appeared to be a slight thickening, or an

increase in the opacity, of the membrane. The response was

uniform throughout the whole of the membrane, unlike the res¬

ponse to R.S.V., or erythroleucosis virus. Although the

C.A.M. did show this effect, suggesting that the virus was

growing and multiplying, the thickening and opacity was not
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consistent in membranes of similar eggs treated with identical

aliquots from the same virus preparation. There were also

considerable variations in apparent effects on the C.A.M. of

different preparations of the same tissue from different

birds. This very poor 'take' on the C.A.M. was thought to

have been due to the method of scoring, A C.A.M. was only

considered to be Infected if it showed a change in thickness

or opacity. The virus could have been replicating without

showing any obvious effect.

An examination of the injected C.a.m.s was undertaken,

using the electron microscope, to determine whether or not the

osteopetrosis virus was replicating, and to what extent.

Electron microscope examination of injected C.A.M.s.

Initially, uninfected normal C.A.M,s were examined, to estab¬

lish the complete absence of virus particles in all the con¬

trols. No virus-iike particles were (bund.

The electron microscope revealed considerable numbers of

virus particles in some of the osteopetrosis infected C.A.M.s

examined three or four days after inoculation, and typically

infected membranes are described in plates 18, 19, on pages

t All those membranes examined which were found to

be infected with viruses had a high concentration of virus

particles: no membranes were examined which had only very low

concentrations. Romanoff (1960) describes the chorio¬

allantoic membrane of the chick embryo as consisting of two

limiting layers of ectodermal cells and endodermal cells,

separated by a layer of mesodermal cells. These three layers

are easily distinguishable, and a transverse section of the
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membrane can be orientated, since the endodermal cells have

microvilli on their surfaces, which protrude into the allan¬

toic cavity, (Borysko and Bang, 1953), The virus infection

does not seem to be confined to any one layer of ceils, and

all three cell layers appear to have the ability to replicate

virus particles. Virus multiplication appears to be like

that found in infected tissues of the fowl (section II), and

all the particles observed In the C.A.M. were extra-cellular,
T

From these observations, it is obvious that virus infec¬

tion of the C,A,M, can be recognised definitely by this tech¬

nique. Consequently, an examination of injected C.A.M.s was

undertaken to determine the number of C.A.M.s infected, after

injection, when scored on the basis of presence or absence of

particles. These experiments were rather Jengthy, as the fix

ation, embedding and sectioning techniques for the electron

microscope took several days to complete, for each sample

examined. Table 5, on page^ summarises the results obtained

It is obvious that the infection of the C.a.M, was of a
/

very low order, and, in fact, the results obtained by this

method were very similar to those obtained by the original

crude scoring technique. This inconsistency of infection was

rather disappointing, and is unexplained, although it has been

reported that the growth of viruses in culture, particularly

influenza virus, can be dependent on very specific environ¬

mental conditions. The exact conditions for optimum growth

of osteopetrosis in the C.A.M, may not have been determined.

Different egg lines were tried, but gave no improvement of
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•take', and various different methods of virus preparations,

including concentration by ultra-centrifugation and variation

in suspension media were tried, with no improvement. However,

even though these results did not indicate a uniformity of

virus infection, it was thought that a comparison of the propor¬

tion of C.A.M.s infected, determined by the electron microscope

examination, and the proportion infected, measured by an inter¬

ference technique, might show comparable results. The possi¬

bility of osteopetrosis virus interfering with R.S.V. could

be determined by this technique. .......

Rous sarcoma virus (R.S.V,) interference assay. The

C.A.M.s were infected according to the previously described

techniques with, first, osteopetrosis virus, and then R.S.V.

The results of these experiments are summarised in tables 6 and

7 on pages^ and . It can be seen from these results that

there is a considerable variation of the pock counts, within

identical samples, in C.A.M.s infected with both osteopetrosis

virus and R.S.V. In some cases, there is complete and absol¬

ute interference with R.S.V., (experiment V), but it appears

that there may be. partial interference, too, (experiments VI,

VII). This variation not only is in evidence between samples

from different birds, but also between samples from the same

tissue preparation.

The response of the eggs to R.S.V. titrations was con¬

stant, since the pock counts gave little variations between

eggs injected with identical aliquots of the same R.S.V. prepa¬

rations. Different lines of eggs were tried, but no
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preferential susceptibility to osteopetrosis virus was shown

by any particular line. different methods of preparing the

virus, as described on page^l , were also tried, but the vari¬

ation was not reduced.
>

These results have shown that osteopetrosis virus can be

grown on the C.A.M., and that high concentrations of virus can

occasionally be obtained. On numerous occasions, absolute

interference of R.S.V. growth was observed, resulting in the

reduction of the R.S.V. assay to zero. However, the incon¬

sistency of osteopetrosis virus growth on the C.A.M. does not

permit an interference assay, which is dependent on an apparent

reduction of an R.S.V. titre, to be carried out.

TISSUE CULTURE

INTRODUCTION
An attempt was made to grow osteopetrosis virus in tissue

culture. The work of Rubin (1960) has already been described,

and the techniques suggested by him formed the basis for the

method tried. There have been many reports of the growth of

leucosis viruses, either R.I.F. (Rubin, 1960), A.M.V. (Vogt

and Rubin, 1963), or erythroleucosis (Lagerlbf, 1960), in

cultures of fibroblasts. However, any assay based on changes

bij leucosis virus in the injected cells has always been by an
i

interference method. On the other hand, confluent monolayers

of cultured kidney cells have been reported to be transformed

by A .M,V. (Baluda, 1962), and it was hoped that, if confluent

monolayers of chick embryo kidney cells could be obtained, then

an infective centre assay could be developed.
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MATERIALS AND METHODS

Throughout all the handling of cells, strict aseptic con¬

ditions were maintained. The area on which the manipulations

took place was washed with 70% alcohol before use, and an ultra

violet light was left switched on immediately above the bench

for several hours before the cells were prepared. All solu¬

tions were sterilised by filtration or autoclaving; glassware

and instruments were sterilised by dry heat.

Preparation of fibroblast cultures. Twelve-day-old

embryos were used as a source of material. The embryos were

extracted from the eggs and placed in a 100 ml. syringe, with

a wide needle attached. This syringe had a wire mesh at the

bottom of the barrel, through which the embryos were pressed.

This proved to be a most efficient way of macerating embryos,

since all the larger pieces, the bones and cartilage, were left

behind in the syringe. The suspension of cells was then

washed twice with phosphate buffered saline (P.B.S.) and then

suspended in 50 mis. of a 3$ trypsin solution in a flask.

This mixture was gently stirred with a magnetic stirrer for

thirty minutes, after which the flask was removed from the

stirrer, and the ceils centrifuged at 500 r.p*m, for two min¬

utes. After the mixture had been centrifuged, only single

cells remained in suspension. These were decanted, washed

twice in P.B.S, by centrifuging at 3,000 r.p.ra., and resuspen-

ded in a mixture of 90$ Difco 199 tissue culture medium and

10$ chicken serum. (The serum was prepared by collecting the

fluid from clotted blood, left for three hours at room
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temperature: this fluid was then centrifuged at 5,000 r.p.m.,

and stored at 4 C.) The cell suspension was then counted In

a haemocytometer, and diluted with the culture medium, Dlfco
0 11

199, to give a suspension of 4 x 10 cells/ml. ^his suspen¬

sion was then distributed in 4 ml. of aliquots, to 5 cm. petri

dishes, which were then placed in an air-tight perspex container.

(See pageXiy of the Appendix.)

A 5% C02 / 95% air mixture was then introduced into this
container, which was then sealed up, and left at 37°C. in an

incubator. After twenty-four hours, 0.5 ml. volumes of concen¬

trated virus extracted from the blood or kidney of birds infec-

ted with P.R.C. 18 tumours or osteopetrosis were then introduced

into the cultures. The culture medium was removed before the

virus was introduced, in order to ensure optimal conditions for

absorption of virus by the cells.

Kidney cell preparations. Kidneys were disected out from

12 - 16-day-old embryos, and treated in the same way as descri¬

bed for fibroblasts.

RESULTS AND DISCUSSION

Fibroblast cultures. It was found that, if suitably

high concentrations (4 x 10 / ml, x 5 ml.) of cells were used

for initial seeding of the petri dishes, confluent monolayers

were free from cell aggregates from undissociated pieces of

tissue. The monolayers consisted virtually entirely of spindle

shaped fibroblasts, and only very rarely were other cell types

observed. These monolayers, prepared by this simplified
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technique, were considered adequate for virus assaying. Cells

were treated with virus extracts to determine if there were any

morphological changes in the normal fibroblast structure or

behaviour. After three to seven days, the virus infected cul¬

tures showed no change in morphology before, or after, staining

as a monolayer. Unfortunately, normal cultures could not be

maintained for periods of more than one week, without various

inconsistencies between cultures arising. As a result of the

difficulties encountered in maintaining cells in culture for

more than seven days, this work was dropped.

Kidney cells. In attempts to grow kidney cells in cul¬

tures, confluent monolayers could not be obtained, using the

same techniques as for chick fibroblasts. Kidney cells grow

much more slowly than fibroblasts in culture, and the cells are

much smaller in size. However, since the regions in which the

kidney cells grew proved to consist of a uniform population of

cells, several variations in technique were tried, to obtain

confluent monolayers. Embryos of different ages were used as

sources of material; P.B.S., 0.9% saline, and Difco 199, were

each used separately for washing procedures. Various 'gentle'

trypsinisation procedures were tried, using different calciura-

and magnesium-free solutions with 0.1#, 0.5%, 1.0% trypsin.

Disassociated cells were grown in Difco 199 + 5/ serum, a

50/50 mixture of Difco 199 and serum, and serum with P.B.S.

None of these modifications helped the cells to grow into mono¬

layers. These cultures, like those of fibroblasts, could not

be maintained consistently for more than seven days. This
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work was also reluctantly dropped.

The difficulties encountered in culturing cells were of

two types:

1, environmental difficulties, which were probably due to

the lack of a suitable C02 incubator. The gas-tight containers
designed to keep cells In a co/air atmosphere were adequate for
short terra cultures, but required regular gassing with C02/air.
The constant change in p.H. and temperature probably was not

conducive to optimum growth of the cells;

2, contamination: a great deal of trouble was experienced

with fungal contaminants, and although various fungacidal agents

recommended by Dr. John Paul of the Biochemistry Department in

Glasgow were tried, no adequate solution was found to this

problem.
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INOCULATIONOFOSTEOPETROSISINFECTEDBLOODONTOTHE C1IQRIO-ALLANTOICMEMBRANES(C.A.M.s)OF11DAYOLDEMBRYOS
Experiment

SourceofVirus
NumberofEmbryos inoculated

NumberofC.A.M.s infectedscored byeye

%infected

Wholebloodfrom floridcasesof osteopetrosis Wholebloodfrom P.R.C.18infec¬ tedbirds

106 109

16 24

15.1 22.0

Experiment

SourceofVirus
NumberofEmbryos inoculated

NumberofC.A.M.s infectedscored
byE.M.examination
%infected

II

Wholebloodfrom floridcasesof osteopetrosis Wholebloodfrom P.R.C.18infec¬ tedbirds

53 46

9.4 15.4

/



TABLE6

INOCULATIONOFOSTEOPETROSISVIRUSPREPARATIONSONTOTHE FOLLOWEDBYROUSSARCOMAVIRUS(R.S.V.)PREPARATION Numberofeggs inoculatedwithNumberofeggs
Sourceofosteo-osteopetrosisvirusMeannumberofinoculatedwithMeannumberof

xperimentpetrosisvirusandR.S.V.Pocks/C.A.M.R.S.V.alonePocks/C.A.M. Ill IV

P.R.C.18blood Kidneyfrom osteoinfected birds P.R.C.18blood Kidneyfrom osteoinfected birds

15 15 12 12

44.3 40.2 75.1 77.9

10

46.4 83.2



TABLE1

INOCULATIONOFOSTEOPETROSISVIRUSPREP-RATIONSONTO
THEC.A.M.sOFIIDAYOLDEMBRYOSFOLLOWEDBYR.S.V.

Experiment

Numberofeggs inoculatedwith osteopetrosis followedbyR.S.V,
Numberofpocks
Mean

Numberofeggs inoculatedwith R.S.V.alone
Numberofpocks

VI

12

OOOOOOOOO0
84806982865265.08 O838081810

10

6

5653575554 5455555658 8690838184 85

VII

103112909799103.5 120

109115119 1209399

Interferenceexpressedas:100x
differenceofexperimentalandcontrolpockcounts numberofpocksincontrol

ExperimentV 100%

ExperimentVI 20.83%

ExperimentVII 5.18%



PLATE 18

Transverse section of a C.A.M. infected with

osteopetrosis viruses which can be seen in the

intercellular space.
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PLATE 18



PI.ATE 19

Transverse section of a C.A.M, infected with

osteopetrosis viruses. The endodermal cells can

be seen at the lower surface with microvilli!

protruding into the allantoic cavity.
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SECTION V

LIFE CYCLE OF THE OSTEOPETROSIS VIRUS IN CHICKENS

PART I? ORGAN INVOLVEMENT

INTRODUCTION

Having established that a particle similar to the Rous

Sarcoma Virus (R.3.V.) was responsible for osteopetrosis, an

attempt was made to follow the development of the disease and

to determine the sequence of organ involvement, particularly

at an ultrastructurul level. Since the attempts at finding

an in vitro assay of the osteopetrosis virus failed, the only

available alternative method of detecting the virus was by

examining tissue thought to be infected, with the electron

microscope. This detection is not quantitative, but is prob¬

ably capable of distinguishing between tissues which are infec¬

ted and those which are not. In tills Investigation, since the

assay of virus by chicken inoculation was far too slow, and

culture methods had not been developed, the electron microscope

served as a very useful tool In that It was the only way of

demonstrating the presence or absence of osteopetrosis virus.

It is extremely difficult to find references to the com¬

plete life histories of the leucosis viruses in chickens,

although many workers have reported the involvement of pancreas,

lymphoid tissue, spleen and marrow, and suggested the kidney,

(Burmester, 1959bj Dmochowski et al, 1961). Beard (1963)

suggests that infection of the pancreas, in viraemic, but not

leucaemic, birds can result in reservoirs of virus which can

explain the only too well known epidemics of fowl leucosis,
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which occur even in the best maintained, and even isolated,

flocks. It was hoped that an examination of birds at differ¬

ent ages, after infection of osteopetrosis virus at one day

old, would show the centres of virus replication.

It has often been reported that osteopetrosis has a pre-

deiiction for the male birds, rather than the females.

Occasionally, females do develop osteopetrotic lesions, as

mentioned In section II, but less frequently than males. It

was considered that an examination of all birds which had

originally been infected with osteopetrosis preparations, irres¬

pective of whether or not they developed the associated lesions,

might indicate the possibility of some birds being carriers, or

at least having the type of 'virus reservoirs' suggested by

Beard.

MATERIALS AND METHODS

One-hundred, day-old chicks were injected intramuscularly

with 0.2 mis. of blood f>om birds showing clinical signs of

osteopetrosis. Fifty birds were injected at the same age with

0,2 mis. of 0.9rit saline. Between six and fourteen birds, in

the approximate ratio of two infected to one control, were

killed each week for a period of twelve weeks. Specimens of

kidney, spleen, pancreas, liver, periosteum and marrow wete

examined with the electron microscope, after fixation, embedd¬

ing and sectioning, (as described in section II). The speci¬

mens from injected and uninjected birds were then examined and

compared.



- 100 -

RESULTS

All the tissues were examined with the electron microscope

to determine whether or not they contained mature virus par

tides. Although the presence of one particle per section

would have been considered sufficient to conclude that the

particular tissue was infected, sections with single particles

were never found. Tissues that were scored as 'infected' con¬

tained numbers of viruses comparable to those of the tissues

from adult florid cases (examined in section II of this work).

The observations are summarised in table 8 on pugeW^. . It Is

Interesting to compare the times at which virus is first obsei—

ved in the tissues. Virus wis first found in the kidney after

about three weeks. This was the first organ to show a virus

infection after injection at one day old. Next, the spleen

and marrow were found to have virus at about four weeks old, and

then very occasional virus particles were found in the liver

after six weeks. Virus particles were also observed In the

pancreas after six weeks, and, finally, virus particles were

demonstrated in the periosteum at eight weeks.

Testes and ovary involvement was found only In older birds

which were not less than ten weeks old. The muscle lesions

described in section I were found only in birds whjdh were not

less than six months old, and, even then, the incidence was

very low (see table 2, page 33).

Although the virus could not be assayed, and a relative

quantitative estimation of virus in the different infected

tissues obtained, the electron microscope showed, at all times,
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much greater concentrations of virus in the kidney than in any

other tissue examined. About three weeks after infection, the

kidney appears to be the only site at which virus can be found.

90.5$ of male and female birds, examined more than four weeks

after injection of osteopetrosis virus, were found to have

virus in the kidney. There was only a very slight sex differ¬

ence in the infection of the periosteum, since more males

appeared to have viruses in this tissue (see table 9, page\\2> ).

However, the time at which the male and female periosteum

becomes infected appears to be approximately the same, although

this is not significant, since such a small sample of birds was

examined.

One particularly interesting, though isolated case,

appeared in a young chick, only one week old. The bird was

killed, although it looked in good health, and was found to

have a small kidney tumour, which contained osteopetrosis-like

particles.

DISCUSSION

These experiments show progressive infection of the various

organs of the birds which were examined. Virus particles were

never found in any of the tissues of the control birds. The

presence of virus particles was first observed in the kidneys

of the infected birds, which suggests that this organ may be

the primary centre of virus replication. There are several

other pieces of evidence which support this contention.

In one case examined, a one-week-old bird was found to have

a virus associated tumour in the kidney. This tumour occurred
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well before virus was found in any of the other organs, and

suggests an early accumulation of virus at this site.

Another situation which suggests that the kidney is the

primary centre of osteopetrosis virus replication, is the kid¬

ney infection within a week of the injection of P.R.C. 18 into

day-old chickens. (The characteristics of P.R.C. 18 are

reported rather more extensively in section VI.) The P.R.C.

18 tumour is heavily contaminated with osteopetrosis virus,

consequently, as the tumour develops, the organ, or tissue,

with the greatest susceptibility to the virus might be expec¬

ted to be the first to show demonstrable virus and virus

replication.

One of the original assumptions in this work has been

that, since no other virus associated leucotic condition has

been manifested in the routine passaging of the osteopetrosis

virus, and since the flock maintained at the Poultry Research

Centre has always been free of leucosis, the osteopetrosis

virus strain Is genetically homogeneous. Consequently, as no

viruses have been found in any of the control birds, then all

viruses in the experimental birds are likely to be the osteo¬

petrosis viruses. As the virus concentration in the kidney is

higher than that found in any other organ, it is likely that

this organ is a source of dissemination to the other organs.

Many other viruses are known to have an affinity for kid¬

ney cells, (polio virus, Mayor and Jordan, 1962; myeloid

leucosis (B.A.I, strain A.), Thorell, 1958a; erythroleucosis,

(E.S.4 strain), Carr, 1959; and infectious bronchitis, Siller

1964), it is not, therefore, surprising that the virus
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responsible for osteopetrosis should show an affinity for this

organ.

The subsequent infections of the spleen, marrow, pancreas,

ovary and testes, periosteum and muscle cells, suggest that the

virus has entered the blood and is being disseminated through¬

out the body. This does not explain the infrequent infection

of the periosteum, resulting in the diagnostic feature of the

disease. Hormonal factors may be responsible for the higher

incidence of bone lesions encountered in male birds, but this

possibility was not investigated. As tissue culture facili¬

ties and assay techniques were not available, an investigation

of the parameters would have been difficult.

Since it has been asaum d that the viruses found through¬

out all tissues of the infected birds were identical, it can be

seen from table 8, pageUX , that 90,5% of the birds injected

with osteopetrosis became viraemic, but only 16.9? osteopetro-

tic. In this respect, male and female birds do not appear to

vary in their susceptibilities: only 9.5? of the inoculated

birds were found to be completely uninfected.

As a result of these observations, three further lines of

investigation were undertaken.

PART II: VIRUS GROWTH IN THE KIDNEY

INTRODUCTION

Virus was isolated from kidney tissue in cell-free suspen¬

sions, in order to determine the pattern of infection of virus

obtained from this source.
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Secondly, urine was obtained in order to determine the

infectivity of the particles observed in the lumens of the

kidney tubules. This could be a possible route for natural

infection.

Finally, a detailed examination of the kidney was carried

out, with the electron microscope, to investigate the exact

distribution of the virus, and the changes occuring in the kid¬

ney, during the course of infection,

material nd methods

Kidneys from birds with advanced osteopetrosis lesions

were dissected out, and ceil-free suspensions prepared by

macerating the tissue in distilled water. The cellular debris

was then removed by centrifugation at t,SOOg, 0.2 ml, ali-

quots of this suspension were then injected into day-old chicks.

Control experiments were carried out, using uninfected kidneys.

Urine was obtained from birds with advanced osteopetrotic

lesions. These birds were first tied securely to a wooden

frame and cotton wool was inserted through the vent into the

cloaca, so that the urodaeum was clear of faeces. A small

plastic funnel was then inserted into the cloaca and held in

place by means of strips of elastoplast. Birds treated in

this way were then left covered with a cloth, in order to keep

them quiet, and urine, uncontaminated with faeces, was collected

In test tubes. Day-old chicks were then given 0.5 ml. doses of

urine orally, or 0.2 mis, aliquots intra-muscularly. Control

experiments were carried out using uninfected birds as sources
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of urine»

The detailed examination of the distribution and develop¬

ment of viruses in the kidney was carried out on material

previously obtained from the experiment in which day-old birds

were infected with osteopetrosis and kiiled at intervals of

a few days.

RESULTS

Birds infected with kidney extracts. A survey of the

distribution of virus particles, and the lesions obtained from

the injection of these preparations, is summarised in table 10.

The pattern of infection seems to be very like that found in
^ %

birds injected with osteopetrotic blood: a low incidence of

bone and muscle lesions, but a high incidence of kidney infec¬

tion. The kidney extracts must certainly have contained blood

borne virus, but a high percentage of 'kidney virus' must also

have be n present. Kidneys of birds infected with these pre¬

parations did not show unusually high concentrations of virus

particles, compared with those of osteopetrotic birds from

routine passages, and neither did they show a high incidence of

kidney tumours.

Birds Infected with urine. Table 11, pagellS , summarises

the effect of the inoculation of infected urine into day-old

chicks. Oral administration results in a low incidence of

virus infection, and only one in twenty birds developed osteo¬

petrosis, although four developed kidney infections. However,

six out of twelve day-old chicks which survived intra-musculnr
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inoculation developed kidney infections, of which three also

had periosteal lesions.

The course of infection in the kidney. Virus particles

were first found in the kidney after about three weeks. At

this time they were very few in number, and only in proximal

regions of the nephron, and in the glomerulus. There ms

a progressive build up of virus in the region of the epithelial

ceils of the tuft, and at about four weeks, frequent budding

was seen from the cell-membranes of these cells, {plates 3, 21,

22, pages ?>€>,\P , )# This gradual Increase in virus pro¬

duction by the epithelial cells appeared to reach a maximum at

about four to five weeks, and after this time no further in¬

crease in concentration could be detected. During this period

{age three to four weeks), the intra-tubular urine was becoming

more and more heavily contaminated with virus particles. The

cells lining the tubuie were found to be intimately associated

with viruses after the fourth week. Different regions of the

tubules c uld be distinguished easily by the morphology of the

cells th t lined them, (khodin, 1963a), {plate 26, pagel2-2.).

Consequently, it was relatively easy to follow the progressive

infection of cells further and further down the tubule. After

the fourth week, virus particles could be seen between adjacent

cells of the proximal region of the tubules, and at the fifth

week, distal tubule cells showed virus particles between their

interfaces, (plates 24, 25, pages 12-° ). The collecting

tubuie cells did not appear to be infected to the same extent

as the proximal and distal regions, and only very occasionally
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were virus particles seen between cells of the collecting tub¬

ules. The infection of the distal and proximal region even¬

tually led to large concentrations of virus at the bases of the

tubule cells, between the cell membranes and the basement mem¬

brane, surrounding the whole kidney tubule (plate 30, pugelW>).

At about five to six weeks, these concentrations were quite

large, and at six weeks, virus particles were frequently seen in

the blood, in regions immediately adjacent to these large con¬

centrations of virus (plate 31, pagelX"? ). Virus particles

were occasionally seen actually in the basement membranes, at

about five to six weeka, opposite distal and proximal cells

(plate 33, page )#

Pinocytosis was observed at the ceil surface of kidney

cells, adjacent to the lumen, in the distal and convoluted

regions. Although virus particles were never seen being abso-

bed by cells, it is probable that this is a route by which

viruses can enter and infect kidney tubule cells (plate 23,

page ).

Tubular hypertrophy, and cysts which were occasionally

lined with cilia, were infrequently observed, but these condit¬

ions were found only in older birds, six months to a year after

initial infection with osteopetrosis (plates 34, 35, pages 13

ftO).

DISCUSSION

Day-old birds, infected with extracts from osteopetrosis

infected kidney tissue, appeared to develop osteopetrotlc
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symptoms In a way similar to those infected wit h whole blood.

This does not confirm that the virus replicating In the kid¬

ney was capable of producing osteopetrosis, since this tissue

contains a lot of blotd, and blood itself is a good source of

infective virus. Consequently, the kidney extracts would con¬

tain blood borne viruses. However, no significant increase

in the degree of kidney involvement was noticed in birds infec¬

ted in this way. This suggests that the high titre of the

virus produced from the kidney cells, found in the kidney ex¬

tracts, merely produced the normal osteopetrotic condition.

This supplied further proof that the virus growing in the kid¬

ney is the same as that responsible for osteopetrosis.

Both the oral and the intra-muscuiar injections of day-

old chicks with urine from osteopetrotic birds resulted in

virus infections. This also indicates that the virus par¬

ticles in the urine were infective osteopetrotic particles, and

not merely viruses with morphological characteristics similar

to those of the osteopetrosis particles. As might be expected,

infection by the oral route proved less successful than the

intra-muscular route. However, the fact that the urine could

infect chickens by these routes suggests that natural trans¬

mission could occur from the contamination of food stuffs, or

drinking water. Infective urine, and infected reproductive

organs, are probably responsible for the horizontal and verti¬

cal transmission of this disease in the field, respectively.
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DISCUSSION

Since the object of this work has b en to follow the

course of infection of the osteopetrosis virus, cilio

genisis has not been considered in detail, but Sorokin (1962)

gives an excellent review of the subject.

The course of infection in the kidney. The kidney is

probably infected by the haematogenous route. Virus par¬

ticles enter the blood after inoculation or possibly after

absorption by the Cills of the alimentary tract. These par¬

ticles are then carried to the gloiaerulus, where they are

actively passed through the basement membrane, from the blood

capillary to the urinary space. Rhodin (1962, 1963), in

general reviews of the kidney structure, and Pak Poy and

Robertson (1957), in an examination of the avian renal glom¬

erulus, have shown that, at this point, the only continuous

layer separating the blood and the urine is the basement

membrane. The endothelial cells of the blood capillaries

have many small fenestrations, so that these cells do not form

a continuous 1 yer over the lining of the capillary. Simi¬

larly, the epithelial cells have a cytoplasm which extends

over the capillaries in long 3lender processes (plate 20,

page U^»). Several authors have shown that particles between

5OA and 2-400A in diameter, e.g. ferritin, thorotrust, col¬

loidal gold, and dextrana, are rapidly passed through the

basement membrane of the glomerulus, after being injected

into the blood, and are passed through the urinary space

(Sarapalo, 1956; Hall, 1957; Farquhar and Pelade, 1959, 1960,
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1961, 1962; James and Ashworth, 1961). Eventually, these

particles, which are absolutely biologically inert, pass into

the lumen of the kidney tubule, but are occasionally phago-

eytosed by the epithelial cells in the glometular region, or

the kidney cells lining the tubule (plate 23, page ).

The passage of virus particles through the basement mem¬

brane may be active or passive: this question is open. How¬

ever, virus particles have been seen at this point, actually

in the middle of the basement membrane. As a result of

Palade's work, the knowledge that viruses appear to concentrate

at this point, the fact that the kidney actively ''filters* blood,

and that viruses have never been seen in the blood in this

region, it was concluded that the passage of virus is uni¬

directional and 'centrifugal in the glomerulus. The virus then

infects the visceral epithelial cells of the glomerular tuft,

probably by a process similar to the absorption of Inert par¬

ticles, as described by Farquhar and Palade (1;62). Budding

in great profusion takes place here. Consequently, a large

amount of virus is produced in the Bowman's capsules, and is

liberated into the urinary space, and then transported in the

urine down the lumen of the tub les (plates 27, 28, 29, pages

Infection of the distal and proximal tubule cells is

probably by a process of pinocytosis. The infected cells

then replicate virus particles between adjacent cells,and the

surrounding basement membrane. Virus which is not shed into

the intei—cellular spaces is probably unable to pass into the
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lumen, since the desraosomes form an inpenetrable 'joint' pre¬

venting their passage. The function of desmosomes is to pro¬

duce a continuous cellular iayer to allow isolation of excre¬

tion products in the lumen and prevent their diffusion beick

into the blood. The virus particles in these regions then

puss through the basement membranes surrounding the tubules,

and move into the blood. This process Is assumed to be "one

way' centripetally, and in the reverse direction to that found

in the glomerular region, for two reasons.

1. Active diffusion of material back into the blood is not

opposed by a movement of material in the reverse direction at

this point.

2. Virus particles are observed in small groups in the

blood opposite large concentrations of virus particles, and
$

this is never seen in the glomerular regions.

As a result of these conclusions, a diagrammatical

representation of kidney infection is described on page 131 of

this work, and a summary of the proposed natural life cycle

is on page MX .
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DISTRIBUTIONOFOSTEOPETROSISVIRUSPARTICLESININFECTEDBIRDS Age

(in

weeks)
at

death

%of

1

2

3

4

5

6

7

8

9

10

11

12

Total

Total

Number"~ofbirds killed

6

6

6

7

7

7

6

7

6

8

8

14

89

luo.o

Birdswithvirusin:

'

Periosteum

0

0

0

0

0

0

0

2

1

3

4

5

15

16.9

Musclelesions.......
0

0

0

0

0

0

0

0

0

0

0

0

0

0.0

Marrow...............
0

0

0

1

1

0

2

0

0

1

1

2

8

9.0

Spleen

0

0

0

1

2

3

3

3

3

4

2

5

26

29.2

Pancreas

0

0

0

0

0

2

3

3

3

4

3

4

22

24.7

Liver

0

II

0

0

0

1

0

0

0

1

0

0

2

2.3

Ovary................
0

0

0

0

0

0

0

0

0

0

t

2

3

3.4

Testes

0

0

0

0

0

0

0

0

0

I

1

1

3

3.4

Kidney

1

0

4

4

6

7

5

6

6

7

8

13

67

75.5

Kidneyabnormalities: Cilia

0

0

0

0

0

0

0

0

1

0

1

2

4

4.5

Tumour

1

0

0

0

0

0

0

0

0

0

0

0

1

1.1

Cyst

0

0

0

0

1

2

2

2

1

2

3

2

15

16.9

ofallinoculatedbirdswithvirusesinthekidneyat5weeksorlater=90.5 ^ageofallbirdsinoculated,viraemicbutnotosteopetrotic=74.0



TABLEqPolc^V\l>
DISTRIBUTIONOFOSTEOPETROSISVIRUSPARTICLES

INMALEANDFEMALEBIRDSATDIFFERENTAGES Age(in
weeks)
at

death

%ofnumber

1

2

3

45

67

8

910

11

12

Total

killed

MALES Numberof birdskilled Birdswith virusesin periosteum Birdswith virusesin kidney FEMALES Numberof birdskilled Birdswith virusesin periosteum Birdswith virusesin kidney

434435334458 000000020214
51

100.0 17.6

102234424458
39

76.5

232342342436 000000001131
38

100.0 15.8

002233142335
28

73.6



TABLE10page114
DISTRIBUTIONOFOSTEOPETROSISVIRUSESINBIRDSINOCULATEDWITH CELL-FREEEXTRACTS

OFKIDNEYSFROMBIRDSWITH
OSTEOPETROSIS

Extractsfrom

Extractsfrom

infectedkidneys

normalkidneys

Numberofbirdsinoculated »'*£,7>.;'/i.-S■''•---ii..

20

8

Birdswithvirusin: kidney

16

0

periosteum

4

0

Kidneyabnormalities: cysts

6

0

tumours

0

0

cilia
.,.,,,.,a«}7s•

3

0

Allbirdswerekilledatabouttwelveweeks.
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DISTRIBUTIONOFOSTEOPETROSISVIRUSESINBIRDS
page115

INOCULATEDWITHURINEFRO?-iBIRDSWITHOSTEOPETROSIS Oral inoculation

Intramuscular inoculation

Intramuscular inoculationof normalurine

Numberofbirdsinoculated
20

19

9

Birdswithvirusin: kidney

4

6

0

periosteum

1

3

0

Numberofbirdsdeadof

2

8

4

unknowncauseafteroneday
Allbirdswerekilledbetweentwelveandsixteenweeks.



PLATE 20

Part of the glomerular region of the kidney

nephron. This micrograph shows that the only

continuous layer between the blood and the urine

is the basement membrane.
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PLATE 20



PLATE 21

Cell membrane of a visceral epithelial cell in

the glomerulus, showing active budding of virus

particles. This specimen, and ail subsequent speci¬

mens described in this section, are from osteopetrotic

birds, unless otherwise stated.
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PLATE 22

Part of the glomerular region of an

infected kidney nephron. The virus particles

are all in the urinary space and the cells visible

are visceral epithelial cells.



 



PLATE 25

Part of the brush border of a proximal con¬

voluted tubule cell. Just below the crypts at

the bases of the microvilli! small pinocytotic

vesicles can be seen.



 



PLATE 24

Transverse section of a nephron in the

distal region of an infected kidney. Virus

particles can be seen in the inter-cellular

spaces.
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PLATE 24



PLATE 25

Part of a distal convoluted tubule near to

the basement membrane {top right). This shows

the typical distribution of virus particles in

this region amongst the many cell membrane

invaginations.
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PLATE 25



PLATE 26

Parts of two different cell types, from two

adjacent nephrons can be seen in this plate. The

cell on the left is from the distal region and shows

the complicated infoldings typical of this region.

The cell on the right is from the proximal region

and shows the arrangemen t of the cell membrane

typical of this region. The two, thin basement

membranes can be seen quite clearly in this micro¬

graph.

The white circle (centre left) is a hole in the

formvar support film.
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PLATE 27

Virus particles in the lumen of a kidney

tubule. The next two plates show the different

concentrations which can be found.



 



PLATE 28

Typical groups of virus particles: a bud
can be seen forming from the cell membrane

(bottom centre).
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PLATE 28



PLATE 29

A very high concentration of virus particles

in the lumen. This was only very occasionally

found.
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PLATE 29



PLATE 30

This plate shows a virus particle near the

basement membrane of the proximal region .of a

nephron. The small distance between the base¬

ment membrane and the lumen of the adjacent blood

capilary is apparent. The cell at the top of this

plate is an erythrocyte.
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PLATE 31

Virus particles can i>e seen near to an erythro¬

cyte in the lumen of a blood vessel. The blood ves¬

sel has kidney cells on each side.
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PLATE 32

Part of an osteopetrosis infected C.A.M.

This micrograph has been included to show how

osteopetrosis virus particles appear to have an

affinity for blood vessels. The virus particles

in the centre of this plate appear to be very close

to the endothelial cell of the capillary.
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PLATE 32



PLATE 33

Two virus particles very close to the endo¬

thelial cell of a blood capillary in the distal

region of a nephron, The particles are in the

region of the basement membrane although this

structure is not very clear. The cell on the

left is an erythrocyte.
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PLATE 34

Cells of the distal region of the nephron

showing cilia protruding into the lumen of the

tubule.

PLATE 35

Transverse section of the cilia showing the

typical 9+2 fibre structure.
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DIAGRAM IB

Osteopetrosis virus infection of the nephron.
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Diagram W
Life cycle of the Osteopetrosis virus.
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SECTION VI

STUDIES WITH TUMOURS ASSOCIATED

WITH OSTEOPETROSIS

P.R.C. 18

INTRODUCTION

Transplantable tumours occasionally arose in birds suf¬

fering from osteopetrosis, and although all of the tumours

examined will not be described, one which proved to be of par¬

ticular interest is reported in detail. This tumour, which

was designated P.R.C. 18, was first transplanted from the wing

of a bird that showed all the clinical signs of osteopetrosis.

The bird was one in a group injected with whole blood from

another florid case of osteopetrosis twelve weeks earlier, in

order to passage osteopetrosis routinely. A detailed examina¬

tion was carried out on P.R.C, 18, since, on serial transplan¬

tation, tumour development was found to be associated with

rapid development of osteopetrosis. It was the aim of this

work to elucidate the nature of this association.

An excellent review of the possible implications of a

virus found to be present in a tumour can be found in & lead¬

ing article of the British Medical Journal, (Andrewes, 1964).

In this,.the author emphasises that many viruses appear to show

a preference for 'tumour cells, so that the mere presence of a

virus in a tumour is not sufficient to show a causal relation¬

ship.

It seemed probable that the oateopetrotic relationship

with P.R.C. 18 wa» of this 'passenger' type. Consequently,
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a study of the effects of transmitting ceil-free extracts to

day-old chicks, known to be free from ieucosis viruses and

osteopetrosis, would indicate the character of any viruses

present. Experiments to determine their effects were under¬

taken.

MATERIALS AMD METHODS

Specimens of P.R.C. 18, kidneys from birds infected with

P.R.C. 18, or with cell-free extracts of P.R.C. 18, were exam¬

ined, using the light and electron microscopes. Specimens of

spieen, pancreas, periosteum and marrow in infected birds were

aiso examined. Fixation and preparative techniques were the

same as those described in sections I and II of this work.

The tumour was passaged routineiy, as cell suspensions in

0.9% saline. Cell-free extracts of the turaour vrere prepared

by grinding up pieces of tissue in distilled water, using a glass

rod in a large test tube. The resulting suspension was then

centrifuged at l,500g., to remove the cells. 0.2 ml. aliquots

of this suspension were used to infect day-old chicks intra¬

muscularly

RESULTS

Passage experiments. A summary of these results can be

found in table 12, pagelSff. It can be seen from this table

that a number of birds inoculated with the cellular fraction

of this tumour developed osteopetrosis, as well as a large

tumour. The age at which these birds showed clinically dis¬

tinguishable features of osteopetrosis was as low as six weeks
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in some cases. in the experiments where cell-free extracts

of P.R.C. 18 were used as inoculu, all the birds developed #

osteopetrosis in its normal form, without P.R.C. 18 tumours.

In table 12, page^S£ , only eight birds are recorded as hav¬

ing osteopetrosis lesions as well as P.R.C. 18 tumours.

However, since the birds developing P.R.C. 18 tumours were

usually killed when they were between three and eight weeks

old, even a low Incidence of osteopetrosis is significant.

In order to examine the intimate relationship of the osteo¬

petrosis virus and the P.R.C. 18 ceils, a detailed examination

of the tumour was carried out.

Microscopical Examination. The light microscope examin¬

ation revealed a similarity between P.R.C. 18 and the small

tumours often found, in the breast and leg muscles of birds suf¬

fering froai osteopetrosis. Histologically, the tumour consis¬

ted of a disorientated array of muscle cell precursors, which,

with difficulty, would occasionally be shown to contain typical

muscle ceil striation. These cells were Interspersed with
.

considerable numbers of connective tl sue cells, and the peri¬

phery of the tumour merged indistinctly with normal muscle
■

cells. Examination at higher magnifications with the electron
*

microscope confirmed these observations, but the myofibrils of

the muscle cell precursors were seen rather more easily. The

cells of the tumour, thought to be connective tissue cells,

were found to have cytoplasm containing a bare minimum of the

normal ultra structural components (plate 36, pagelS^ ). There

were very few mitochondria, a sparse endoplasmic reticulum, few •"*
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free ribosomes and not very many cellular inclusion bodies.

Plasma cells were frequently found throughout the tumour tissue.

Virus particles were observed in both intercellular and

intracellular locations. However, the particles found in the

two locations differed considerably in their morphology. One

particle was an osteopetrosis-like particle, and the other a

much smaller particle, whose fine structure was not clearly

seen.

Osteopetrosis -Ilk:- particle (plate 37, pageHO). These par¬

ticles had a similar structure to osteopetrosis particles.

They consisted of a central, dense nucleoid, which was approxi¬

mately 7QOA in diameter, surrounded by two slightly eliptical

membranes, giving an overall structure of 1,100A across one

diameter, and 950* across the other. The particles were

invariably intercellular, and were found in small groups of

between two and twenty (occasionally singly), Immediately

adjacent to cell membranes. The cells which were most fre¬

quently associated with these particles did not have any myo-

fibrllae, and were probably of connective tissue origin.

Budding was occasionally observed from these cells, suggesting

replication similar to that illustrated in plates 9 - 12, pages

4-1 -4-S Particles were not seen concentrated near plasma

cells.

Cytop1ft|mic pgr11c1e (plate 41, page I M*). There is no con¬

crete evidence that this particle was, in fact, a virus, and

it may have been an unusual cytoplasmic component. It does,

however, appear in several of the tu our cell lines maintained
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at the Poultry Research Centre, and its distribution and num¬

bers, as well as its size, are consistent with known cytoplas¬

mic commensal viruses. The particle was always found in the

cytoplasm, and usually appeared in groups of about forty, in

sections of tissue. it was approximately 300A in diameter,

and seemed to consist of a doughnut-shaped structure. These

particles were also found in R.P.L. 12, P.R.C, 13. and P.R.C.

18, und plate 41 shows these particles in R.P.L. 12 cells.

Details of the ultrastructure were not adequately studied,

since the resolution of the Phillips E.M. 100, used during

this work, was only about 25A.

Infected kidney. The kidneys of birds infected with this

tumour quickly became infected with an osteopetrosis-like

virus particle. Within a week of infection with P.R.C, 18

tumour cells, the kidneys showed considerable quantities of

virus particles and budding was observed from ceil membranes

of the epithelial ceils in the glomerulus,

DISCUSSION

From these results, it can be concluded that P.R.C. 18

probably has two viruses replicating in its cells. Whereas

there is no evidence that either of these virus particles is

responsible for the continued propagation of the tumour, the

fact that osteopetrosis results from passaging cell-free

extracts suggests that the larger particle described was, in

fact, the virus responsible for osteopetrosis. Furthermore,

this particle is actively replicating in the cells of the
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tumour, and is not being continuously passaged in the blood

contained in the tumour material. Although there is no defi¬

nite evidence to suggest that this virus was responsible for

the original P.R.C. 18 tumour, equally, there is no evidence

to the contrary.

The kidney infection is probably due to the fast growing

P.R.C, 18 tumour cells liberating large numbers of viruses

into the blood* Injection of P.R.C. 18 cells, contaminated

with osteopetrosis, would produce a richer source of virus at

an earlier age than would an injection of free viru3, Conse-

quantly, the organ or tissue with the greatest susceptibility

to the virus might be expected to show demonstrable virus quite

soon after the infection of the bird with P.R.C, 18. Replica¬

tion of virus particles in the kidney after about one week is

not unexpected, and a virus infection of the periosteum after

six weeks in consistent with a faster rate of development of

the disease.

This virus is, then, behaving like a typical passenger

virus.

Since osteopetrosis was shown to behave like a passenger

in P.R.C, 18, a comparison was drawn with the reported associa¬

tion of osteopetrosis, lymphoid leucosis, and other viral-

induced conditions, with the lymphoid tumour R.P.L, 12, first

described by Burmester and his associates (1946).
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HISTORY OF THE TUMOUR DESIGN -TED

R.P.L. 12 BY BURMESTER

Olson (1941) isolated a transplantable lymphoid tumour

from the distal end of the femur of a Rhode Island Red x Barred

Plymouth Rock chicken. Olson described the bird as having

a large number of monocytic tumours. Campbell (1963b) consi¬

ders this tumour to be a monocytic type, on the basis of its

histology, and this would explain Olson*s observation that the

original birds had abnormally large numbers of monocytes in the

blood. Attempts by Olson at passaging this tumour were only

successful as cellular suspensions,an« cell-free extracts of

tumour material, together with cell-free blood from the original

birds, failed to produce any abnormalities after injections into

young birds, up to 96 days later. The only pathological con¬

dition Olson reported in his birds was fowl paralysis, with

which 15 out of his 443 birds were infected, Burmester et al

(1946) obtained this tumour, and gave it the designation

R.P.L, 12. These workers showed that cell-free filtrates of

blood and tumour extracts produced osteopetrosis and lymphoid

leucosis after injection into day-old chicks. However, they

also reported that the tumour had been previously passaged

50 to 200 times in their flock of birds. Nelson et al (1946),

and Burraester and Denington (1947), have all described the high

incidence of visceral, neural, and occular lymphomatosis in the

flock Burmester has worked with. The existence of erythro-

granuloblastosis and osteopetrosis have also been recorded in
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*a few* birds of the same flock, (Burmester and Denington,

1947). Consequently, in the light of present knowledge of

passenger viruses, it is not surprising that the study of

R.P.L. 12, grown in birds with a relatively high background

incidence of the diseases described, revealed a widening spec¬

trum of pathological conditions. There seems every justifica¬

tion for Nelson et al (1946) to comment at the end of their

paper that "the use of inbred lines of chickens, free from all

known diseases, will lead to better understanding of avian

tumours".

The association of osteopetrosis with R.P.L. 12 is again

described by Burmester and Cottral (li«47), and then Burmester

(1947a) isolated Osteopetrosis from two other tumours, R.P.L. 18,

an ovarian tumour, and R.P.L. 21, a lymphoid tumour. The signi¬

ficant point in the case of R.P.L. 21 is that osteopetrosis virus

was not evident in cell-free extracts of tumour material for the

first six passages, but was quite common after the sixth passage.

Burmester (1947b) does mention the possibility of there being

more than one 'agent* present in his cell-free material, but

argues that the dose of virus is important in determining the

latent period, and perhaps the condition itself, (Gottschalk,

1946; Bryan, 1946). Burmester and Gentry (1954) have sugges¬

ted that the a^ent responsible for osteopetrosis differs from

that responsible for lymphomatosis since the former is not trans¬

missible on contact. However, the concept of a muitipotency

for the causal agent of the leucosis group of conditions, osteo¬

petrosis and lymphoid leucosis, is presented by Burmester et al,
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(1959). Multipotency was considered, since this group of

workers found that Beard's strain-A myeloblastosis produced

myeloblastosis, lymphoid leucosis, carcinomas and osteopetrosis

and Beard's strain-R erythroleucosis produced erythroleucosis

and lymphoid leucosis : previously, both these strains had been

considered 'pure', since they had been maintained in tissue

culture, thus avoiding contamination from outside sources.

Further evidence for the concept of a multipotent virus

with an oncogenic spectrum is advanced by Burmester et al

(1960a), who showed that R.P.L. 12 material could also produce

erythroblastosis, as well as lymphoid leucosis and osteopetro¬

sis, Burmester et al (1960b) demonstrated another virus from

R.P.L. 12, which i hey called Gallus-adeno-like (G.A.L.) virus.

However, this virus was shown antigenically, and from its

cytopathic behaviour in tissue culture, to be unrelated to the

leucosis group of viruses (Stoker, 1959).

Finally, Burmester and Walter (1961) claim that extracts

of R.S.V. from Rous tumours have produced viscessl lymphomatosis

and erythroblastosis, which again seems to point to the probable

presence of contaminating viruses.

An analysis of this data reveals:

1. when first described by Olson, the R.P.L, 12 tumour

could not transmit any pathological condition by cell-free

extracts j

2. after 50 to 200 passages (in 1946), lymphoid leucosis

and osteopetrosis could be extracted from the tumour and blood

of birds infected with ■cell-frca extracts of R.P.L, 12;

3. erythroblastosis was produced in birds injected with
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cell-free extracts of R.P.L. 12:

4. the evidence for the multipotency of a single agent

producing erythroleucosis, myeloid leucosis, lymphoid leucosis,

Rous sarcoma, as weli as osteopetrosis, has been based on

experiments carried out in flocks of birds with a high back¬

ground incidence of these diseases.

The ability of tumour ceils to become contaminated with

passenger viruses has been demonstrated with Birkett's lymphoma

and the P.R.C. 18 tumour described, and many other examples.

As a result of these observations, and from the examination of

the literature reluting to R.P.L. 12 and osteopetrosis, it

seems reasonable to suggest that the association of these two

conditions is due to a passenger virus.

The work in this thesis has shown that the osteopetrosis

virus has a rather complex life cycie, but that birds injected

with the virus become infected, and actively produce new virus

after about three weeks. Not all birds develop bone lesions,

but almost all produce new virus in the kidney. Consequently,

birds can become viraemic with respect to osteopetrosis virus,

but may not necessarily show obvious signs of the disease.

If this pattern of viral development is the same as that of
osteopetrosis in the United States, then it is quite probable

that R.P.L, 12 could have been routinely passaged into birds

which were viraemic, without the researcher being aware of the

infection. If osteopetrosis could then behave like the reo,

or herpes simplex viruses associated with Birkett's lymphoma,

or the osteopetrosis virus in t® R«C. 18, then contamination

of the R.P.L. tumour might result , Since the flock maintained
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at the Poultry Research Centre in Edinburgh is considered to

be leucosis free, experiments were undertaken to determine

the nature of the R.P.L. 12 tumour and its relationship with

osteopetrosis. Firstly, an examination was undertaken of

the original R.P.L. 12 tumour maintained at the Poultry Research

Centre, in order to determine the oncogenicity of cell-free

extracts, A microscopical survey of the tumour was also

carried out.

MATERIALS AND METHODS

The R.P.L. 12 tumour w«s obtained in 1960 from Dr. R.J.C.

Harris, wuo had passaged it several times in chickens, after

previously obtaining a transplant from Dr. Burmester.

R.P.L. 12 has been routinely passaged by cellular transplants

in the flock of Brown Leghorn chickens at the Poultry Research

Centre ever since. Cell-free extracts from the tumour and

from the blood of birds infected with the tumour were prepared

and passaged in the same way as that already described for

P.R.C. 18 material. The tumour was examined by the usual

light and electron microscope techniques. Specimens of the

kidney, spleen, pancreas and liver of R.P.L. 12 infected birds

and birds injected with cell-free extracts were also examined

histologically.

RESULTS

Passage experiments. R.P.L. 12 has never been associated

with any leucotic condition, or with osteopetrosis, during the

four years it has been passaged by cellular suspensions at the

Poultry Research Centre.
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Cell-free extracts of tumour tissue produced no apparent

pathological response In the treated chickens, even though

some birds were kept for almost a year before being killed and

examined.

Microscopic ex.ai,ir>..tion. The appearance of R.P.L. 12,

as transmitted in this laboratory, is not altogether identical

to Burmester's (1946) or Olson's (1941) descriptions. On the

contrary, the cells appear to be monocytic in type, rather than

lymphoid (plate 38, pagel^l ).

When living cells were examined, they were seen to be

actively phagocytic, engulfing small particles of carmine,

wlUch is not a characteristic of lymphoid cells (Campbell,

1963). Similar conclusions were reached by Darcel and Negroni

(1954).

Careful examination of tissue sections with the electron

microscope did not reveal any intercellular virus particles of

the leucosis type. However, two small, distinctly different

particles were seen.

The first of these, which was also found in P.R.C. 18

tissue, was of the doughnut type. This particle appeared to

be identical with that already described on page , and its

significance has been discussed.

The second particle was found in considerable quantities

and was obviously cytopathogenic. Replication of this par¬

ticle appeared to begin in the nucleus, with subsequent migra¬

tion into the cytoplasm, resulting in the latter gradually

filling up with virus. In the final stages, infected cells
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were packed with virus particles, (plates 39, 40, pages \&2-

\t>2>). The cells then apparently burst and, presumably,

released particles, to repeat the cycle in other cells.

DISCUS 10W

The cytopathic virus found In R.P.L. 12 tumour cells was

probably that described by MacPherson et al (1961), and called

Gallus-adeno-like (G.A.L.) virus. They describe this virus as

having an average diameter of 975A and a polygonal, usually

hexagonal, profile. The reason for this rather clumsy name is

that the virus shares morphological features with adeno-type 5

virus, and also herpes simplex and polyoma. This virus has

been reported as being cytocidal in tissue culture, (Stoker,
'

' ' '

l

1959).

For some time, this particle was claimed to be responsible

for lymphomatosis (Fontes et ai, 1958j Sharpless et ai, 1958),

but Stoker (1959) was the first to point out that a cytocidal

virus of this type behaved very differently in culture to the

R.S.V. When R.S.V. replicates In chick fibroblast cultures,

it produces 'mounds* of cells (Temln and Rubin, 1958) which

indicates oncogenicity, whereas G.A.L. virus kills cells.

Subsequently, Burmester et al (1960) retracted their statement

that G.A.L, virus was responsible for lymphomatosis, on the

grounds of antigenic differences between G.A.L, and the leu¬

cosis viruses.



CONTAMINATION EXPERIMENTS

INTRODUCTION

The history of G.a.L. virus is another example of the dan

ger of relating a tumour with a viral agent on insufficient

evidence. Furthermore, the survey reveals that the R.P.L. 12

tumour, passaged in this laboratory, does not contain leucosis

type viruses, and that it cannot he passaged by a cell-free

preparation. The significance of this will be discussed at

the end of this section. Knowing this tumour to be free from

leucosis-type viruses, detectable by the techniques available,

it was attempted to show that R.P.L, 12, like P.R.C. 18, could

act as a source of virus, without itself having a viral aetiol
m

ogy. In other words, it was hoped to infect R.P.L, 12 with

a virus which would, in fact, he a 'passenger', but would

behave In the same way as viruses described by Durmester.

MATERIALS AND METHODS

Contamination of R.P.L. 12 with R.S.V. and osteopetrosis

viruses was attempted. These two viruses were chosen since

they are rather different in character, but are both mentioned

by Burmester as being associated with leucosis conditions.

The frequent classification of osteopetrosis as one of the

leucosis group of viruses is due entirely to the R.P.L. 12

work. R.S.V, was chosen since its presence can readily be

detected by titration in day-oid chicks. Occasionally, R.S.V

can remain in a latent state, in birds, for several months,
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(Carr, 1961), but since the strain of birds used during this

work was considered R.S.V, susceptible, the possibility of

latency was discounted. The procedure for contaminating

R.P.L. 12 ceils, in a way similar to that which might normally

be expected to take place in chickens, was as follows:

1. R,P,L, 12 cells were injected into birds showing advan¬

ced osteopetrosis lesions, ie, thick bones and anaemia.

2. R.S.V. contamination was carried out by intramuscular

injection of Rous Sarcoma cells into one leg of a chicken,

followed, two days later, by injection of R.P.L, 12 cells into

the other. The reason for this interval between Injections

was to avoid the contamination of R.P.L. 12 with any Rous

Sarcoma cells which may have been injected into the blood.

3. In order to contaminate R.P.L. 12 with both osteopetro¬

sis virus and R.S.V,, the R.R.L. 12 tumour, pre\ioualy passaged

into a bird with osteopetrosis, was treated as in (2).

After R.R.L. 12 tumours had been grown in either the

osteopetrosis or the Rous infected birds, until the birds

showed signs of distress, the birds were killed, and then the

contaminated tumours were passaged routinely as cell suspensions.

At each passage, ceil-free extracts were obtained from these

tumours and injected into day-old chicks. The tumours and

specimens of kidney, pancreas, spleen and (in the case of

a bird possibly infected with osteopetrosis) the periosfcxun, were

examined with both light and electron microscopes, using the

usual techniques. Birds possibly infected with osteopetrosis

were killed after six weeks.
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RESULTS

The results of the passage experiments are summarised in

tables 13, 14, 15, on pages ^ S£>,, 15% .

R.P.L. 12 grown in birds suffering from osteopetrosis.

Birds which had been injected intramuscularly with cellular sus¬

pensions of R.P.L. 12, and which were kept for two to three

weeks, developed only R.P.L, 12 tumours at the site of the

injection.

The passag experiments, in which extracts of the R.P.L. 12

tumour grown in osteopetrotic birds were injected into day-oid

chicks, indicated that a large proportion of the day-old cnicks

eventually became infected with osteopetrosis (table 13, page

ICS).
None of the birds injected with cell-free extracts from the

R.P.L. 12 tumour developed any other lesions, except those which

might have been expected to have been associated with osteopet¬

rosis.

R.P.L. 12 grown in birds previously Injected with Rous

Sarcoma cells. Cellular transplants of this tumour, iike that

of the osteopetrosis infected tumour, produced apparently

unchanged R.P.L. 12 tumours only. Cell-free extracts, however,

when injected Into day-old chickens, resulted in the growth of

Rous Sarcoma tumours at the site of injection. The ability to

produce Rous Sarcomata appeared to be getting less in the sub¬

sequent cell passages of this tumour, and the reduction in

R.5.V. titre with each passage of the R.P.L. 12 tumour was

apparent in the length of time it took for the Rous Sarcomata to

develop.
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R.P.L. 12 first passaged in an osteopetrotlc bird, and

then in a Rous infected bird. This tumour behaved in a way

very similar to the R.P.L. 12 tumour infected with R.S.V. alone.

Once again, there was a gradual reduction in the ability of the

tumour to transmit Rous Sarcomata in cell-free suspensions

(table IS, pages .

Light and electron microscope examination of contaminated

R.P.L. 12 material.

R.P.L. 12 contaminated with osteopetrosis. Light microscope

examination of this tumour revealed a tumour type identical to

the previously described R.P.L. 12 tumour. In a more detailed

examination with the electron microscope, the presence of

osteopetrosis-like particles was demonstrated. The distribution

of these particles was very like that observed in P.g.C. 18

tumours; the particles were in relatively small numbers, com¬

pared to the numbers expected in osteopetrosis infected kidney,

periosteum or muscle lesions, but were actively replicating in

the cells, since budding was occasionally observed. Osteopet-

rosis-like v. ruses were also found In the kidneys of some of

the birds Infected with this tumour.

R.P.L. 12 contaminated with Rous. In a comparison with non-

contaminated R.P.L. 12, the light microscope revealed no change

in this tumour. Many sections of this tumour from different

specimens were examined in greatcfctail. Virus particles, other

than the tvo cytoplasmic particles described on page\'V-,V, were

not found in this tissue. The cells were also closely examined

and compared to the cell types of uncontaminated R.P.L. 12 cells.
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This revealed that the contaminated tumour was identical to

uncontarainated R.P.L. 12.

f.P.L. 12 contaminated with Rous, after previous osteopetrosis

containingtion. The morpnology of this tumour was identical in

all respects to R.P.L. 12 infected with osteopetrosis alone.

Examination of the kidneys of these birds revealed virus

distributions similar to those found in birds with P.R.C. 18

tumours.

From table 15, page\S$ , it can be seen that birds injec¬

ted with R.P.L. 12 contaminated wxth osteopetrosis, or with ex¬

tracts from these tumours, developed a virus infection in the

kidney, similar to that described in section IV of this thesis.

Tissues of birds infected with R.S.V, contaminated tumours did

not show a viral infection of the tissues. However, the most

important result in table i5, page 1*® , is the apparent viral

infection of tissues in biras which had been infected with the

R.P.L, 12 tumour strain contaminated with first osteopetrosis,

and then Rous.

DISCUSSION

The aim of these experiments has been to show the ability

of tumours to act as centres of virus multiplication and to

explain the reported relationship of osteopetrosis and R.P.L. 12.

The description of the R.P.L. 12 -umour, given by Burmester

(1946) does not agree with the appearance of the R.P.L, 12

tumour grown in this laboratory, even though it was obtained

from Burmester's strain. The morphology and behaviour of the

tumour is much more consistent with that expected of a neoplasm
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of monocytic origin. It is possible that this tumour has, in

fact, been incorrectly classified as a lymphoid tumour (Darcel

and Negroni, 1954). If this is true, and R.P.L. 12 is of

monocytic origin, then the phagocytic behaviour could account

for the non-specific viral contamination. Olson's (1941)

original isolation of the tumour from a bird with abnormally

high monocytic and monoblustie content in the blood suggests

a priori that the tumour could have been monocytic. However,

the origin of the R.P.L. 12 tumour is of secondary importance,

compared with its behaviour in the contamination experiments

described.

Cell-free extracts of both P.R.C. 18, and R.P.L, 12, grown

in birds showing clinical symptoms of osteopetrosis, both produce

osteopetrosis after injection into day-old chicks. In both

cases, the tumours used as sources of osteopetrosis virus could

not be passaged by cell-free extracts. P.R.C. 18 appears to be

carrying osteopetrosis as a passenger, and none of the experi¬

ments have shown an ^etiological relationship between a viral

agent and this tumour. R.P.L. 12 has also been shown to have

the ability to act as a centre for osteopetrosis virus multipli¬

cation, both by electron microscope examination and passage

experiments. Again, like P.R.C. 18, before and after contami¬

nation with osteopetrosis, R.P.L. 12 could only be passaged by

cellular suspensions. Consequently, if uncontaminated R.P.L.

12 is ever grown in a bird which has an osteopetrosis virus

infection, then subsequent passages of that tumour will be

associated with osteopetrosis. If the osteopetrosis virus did
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not replicate and grow in the tumour, passage of both osteo¬

petrosis and R.P.L. 12 could not te maintained by concurrent

transmission of uncontaminated tumour tissue, and infected

blood: the rapid growth and fast passaging of the tumour would

probably result in the virus being diluted out of the tumour

tissue.

Since it has been shown in section V of this thesis that

osteopetrosis virus can multiply in birds without producing

any clinical symptoms of the disease, then birds with this type

of 'carrier* infection will usually be accepted as normal.

Consequently, passage of R.P.L, 12 cells into osteopetrotlc

'carrier' birds would produce tumours which were contaminated

with virus. The resulting isolation of osteopetrosis virus

from a tumour after a passage of this kind would be inexplic¬

able, without a knowledge of the life cycle of the virus

involved.

Contumination with R.S.V. indicated that this virus, too,

can infect R.P.L, 12. An oncogenic virus of this type, which

produces transformation, in the cells it infects, might be

expected to show its presence by altering the infected tumour

ceil type. A careful examination of Rous contaminated

R.P.L. 12 tumours was carried out, to try and detect any

'nests' of Rous Sarcoma type cells. No evidence for a change

of cell type was found, which is rather unexpected, but cor¬

roborated by the apparent lack of R.S.V., demonstrated with

the electron microscope. It must be concluded that R.S.V,

Is present in very small concentrations, and this Is borne out
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by the apparent diminution of the titre at each passage, indi¬

cated by the reduction in the positive reaction to cell-free

extracts of contaminated R.P.L. 12, (tables 14, 15, pages ,

IS8).
Double infection with both osteopetrosis and R.S.V. showed

that more than one virus can contaminate R.P.L. 12 at the same

time. In this case, the two viruses were demonstrated in

cell-free extracts. R.S.V., extracted from these tumours,

after several pussages, was of a low titre, and often took a

long time to establish itself and form a tumour. Consequently,

osteopetrosis virus had time to become established iri the kid¬

ney. Whilst the demonstration of osteopetrosis-iike virus

replicating in the kidney is not claimed to be e conclusive

method of diagnosing osteopetrosis infection, nu-ny of the pre¬

vious experiments have indicated that osteopetrosis virus does

have an affinity for kidney ceils. R.s.V. has not been found

to replicate in the kidney in large numbers, like the osteo¬

petrosis virus, and, similarly, birds infected with R.P.L. 12

contaminated with R.S.V., showed no kidney infection. Conse¬

quently, the presence of high concentrations of osteopetrosis-

like particles in the kidney of birds with R.P.L, 12, grown in

both osteopetrotic and Rous Sarcoma infected birds, probably

indicates a double infection of the R.P.L. 12 tumour.

This double infection means that, if a tumour becomes

infected with two viruses, both of which produce pathological

conditions, then only the fast developing one may be apparent

in cell-free extracts. This is an obvious and elementary point,
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but it rosy help to explain some of the results of experiments,

using R.P.L. 12 as experimental material, obtained in American

laboratories. It seems likely that, had these experiments

been continued, Rous virus might have been diluted out of the

contaminated R.P.L. 12 tumour. If this had taken place, then

osteopetrosis viruses in the doubly infected tumours would have

been able to produce clinical symptoms. The Implications of

this type of change in the oncogenic potential of tumour

extracts wiil be discussed in the General Discussion in the

following pages, with particular reference to the leucosis

group of viruses.



TABLE12
ROUTINEPASSAGESOFP.R.C.18

page155

NumberofbirdsNumberwithNumberNumberwith inocuiatedwithsolidP.R.C.18Numberwithexaminedvirusesin P.R.C.18cellstumoursosteopetrosisbyE.M.thekidney 7148888
Numberofbirds inoculatedwith cell-freeextracts

ofP.R.C.18tumours
Numberwith solidP.R.C.18 tumours

Numberwith osteopetrosis

Number examined byE.M.

Numberwith virusesin thekidney

10

O

10



TABLE13

EXPERIMENTSWITHTHER.P.L.12TUMOUR.
page156

AFTERPASSAGEINBIRDSINFECTEDWITHOSTEOPETROSIS Osteopetroticbirdsinoc¬ ulatedwithR.P.L,12cells

BirdswithR.s'.L.12 tumours

OneoftheR.P.L.12tumourswasusedforfurtherpassageinR.S.V. infectedbirds(page\£^),andtheotherwaspassagedasfoliows:
Passage

Birdsinoculated withR.P.L.12 cells

Birdswith R.P.L.12 tumours

Birdswith virusesin thekidney

Birdsinoculated withcell-free extractsofR.P.L.12
Birdswith R.P.L.12 tumours

Birdswith virusesin thekidney

I

6

6

6

6

0

4

II

6

6

5

6

0

4

III

6

6

5

5

0

3



TABLE14

EXPERIMENTSWITHTHER.P.L.12TUMOUR.AFTERPASSAGE
INBIRDSPREVIOUSLYINOCULATEDWITHROUSSARCOMACELLS

page157

Numberofbirdsinoculated withRousSarcomacellsNumberofbirdswithNumberofbirdswith followedbyR.P.L.12cellsRousSarcomaR.P.L,12tumours 444
OneoftheR.P.L.12tumorswaspassagedasfollows: Birds

inoculated
Birdswith
Birdswith
Birdsinoculated
Birdswith
Birdswith
Birdswit

with

&.P.L.12

R.P.L.12
virusesin
withcell-free
R.P.L.12

Rous

virusesi

Passage

cells

tumours

thekidney
extractsof

tumours

tumours

thekidne

R.P.L.12

I

6

6

0

5

o

5

0

II

7

7

0

5

0

5

0

III

6

6

0

6

0

4

0



TABLE15page158
EXPERIMENTSWITHTHER.P.L.12TUMOURAFTERPASSAGEINOSTEOPKTROTICBIRDS FOLLOWEDBYPASSAGEINBIRDSWITHROUSSARCOMATA

AnR.P.L.12tumourpassagedinosteopetroticbirds(seetable!3>),wasusedinitially usasourceofcells.

Birdswith R.P.L.12tumours

444
OneoftheR.P.L.12tumourswaspassagedasfollows:

Passage
Birds with

inoculated R.P.L.12 cells

Birdswith R.P.L.12 tumours

Birdswith virusesin thekidney
Birdsinoculated withcell-free extractsof R.P.L.12

Birdswith R.P.L.12 tumours

Birdswith Rous tumours

Birdswith virusesin thekidney

I

6

6

6

6

0

2

5

II

6

6

4

5

0

2

2

III

6

6

5

6

0

1

3

Birdsinoculatedwith RouscellsfollowedbyBirdswith R.P.L.12cellsRoustumours



PLATE 36

P.R.C. 18 cells showing Intercellular

particles*
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PLATE 36
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PLATE 37

High power micrograph of part of the

previous plate. The typical osteopetrosis

type of particle can be seen.
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PLATE 37



PLATE 38

Cells of an R.P.L. 12 tumour.
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PLATE 38



PLATE 39

The cytopathogenic viruses found in the

R.P.L. 12 tumours a group of these viruses

can be seen in the upper left part of this

plate.
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PLATE 39
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PLATE 40

The eytopathogenic viruses found in R.P.L. 12

as ociated with a cell which is obviously degenerating

or perhaps dead. Nuclear structure appears to be

degenerating and the cytoplasm contains many viruses.
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PLATE 40



PLATE 41

A group of cytoplasmic particles of the type
found in R.P.L. 12 and P.R.C. 18 tumour cells*
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PLATE41
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SECTION VII

GENERAL DISCUSSION

The transmlssibility of osteopetrosis has been established

by several authors (Jungherr and Landauer, 1938; Burmester,

1946; Holmes, 1958; Campbell et al, 1964), but the character¬

istics of the transmissible particle have not previously been

described. In the present study, preliminary filtration experi¬

ments established that millipore filters, with a pore size of

less than 1,000$, retain the infective agent. This agrees with

Holmes' (1958) observation that normal bacterial filters failed

to retain the agent, and that the probable particle size sugges¬

ted a virus. If the particle responsible for osteopetrosis
O ©

was not less than 1,OOOA, and not more than 2,200A, as indi¬

cated by the miliipore filters, the inference is that the par¬

ticle is within the size range of a leucosis virus, (Beard et

al, 1950), This immediately suggests the view expressed by

Burmester (1946) that osteopetrosis may be a feature of the

response to leucosis virus infections, may in some way be due

to the similarity in size of the particles. The subsequent

survey of periosteum and muscle lesions of osteopetrosis infec¬

ted birds showed the presence of many small spheroidal particles
O

of approximately 1,100A in diameter. This agreed with the fil¬

tration experiments, and it was assumed that these particles

were responsible for osteopetrosis. A detailed examination

of the particles in the periosteum, the muscle lesions and the

rkiidney, which were the tissues in which the highest concentra¬

tion of virus particles wss found, showed that they were all
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morphologically similar. Budding from the cell membrane of

infected cells has been described, and appears to be a general

characteristic of replication of the virus in all the differ¬

ent tissues examined. Only very occasionally were intra¬

cellular particles seen, in the macrophages of the blood, and

in the Kupffer cells of the liver, and this was probably due to

the phagocytic character of the cells, rather than to the

viruses' ability to develop intracellularly. The extensive

histochemicul examination confirmed that the particles observed

were viruses with nucleoids, about 800a in diameter, composed

of R.n.a,, with two surrounding membranes of lipoprotein.

Further evidence of the lipoprotein nature of this coat, and

confirmation of the role of a particle of this type in the

aetiology of osteopetrosis, was shown by the reduction in infec-

tivity of the virus preparations after treatment with organic

solvent, (Drayton, 1960a,b).

This virus 'type' has been associated with cells of many

different avian virus-induced conditions: e.g., the Murray-

Begg tumour (Haguenau et al, 1955; Roulier et al, 1956),

Fujinami tumour (Mannweiler and Bernhurd, 1958), and Rous

tumours (Gaylord, 1955; Haguenau, 1960a; Haguenau and Beard,

1962); in myeioblustosis leukaemia (B.A.I. Strain a)

(Dmochowski et al, 1958a,b; Parsons et al, 1959; Bonar et al,

1959), and erythroblastosis (leukaemia r) (Dmochowski et al,

1958a; Heine et al, 1961); in association with the disease

caused by the transmissible r.p.l. 12 lymphoid tumour

(Dmochowski and Grey, 1958; Dmochowski et al, 1959a,b), in
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the cells of the nephroblastoma (Dmochowski et ai, 196; Heine

et al, 1963) caused by the B.A.I. Strain A and also those of
0

the thymus, pancreas and other tissues of birds with myelo¬

blastosis (Heine et al, 1963; de The et al, 1962). They

have also been observed in purified preparations of B.A.I.

Strain A (Bernhurd et al, 1958) and Rous Sarcoma virus (Epstein,

1956, 1960; Epstein and Holt, 1958) and R strain (Bernhard et

al, 1958).

The morphology of the particles isolated from, or observed

in, all these different conditions was similar, and the slight

differences in size between the various particles may have been

due to variations in electron microscopical preparative tech¬

niques. Beard (1963) considers this variation in shape and

size to be due to the loosely bounded nucleoid. This results

in different estimations in the size of B.A.I. Strain A virus

being calculated from sections viewed in the electron microscope

(Bernhard, 1958), in shadowed preparations (Sharp et al, 1952)

and from sedlmantation data (Sharp and Beard, 1954). However,

Beard (1963) concludes that the exact measurement of this type

of particle Is of little significance, since the particles must

change their shape, depending on their degree of hydration.

Osteopetrosis virus particles can be regarded as being very

similar to the particles listed above, which have been associ¬

ated with avian virus-induced tumours.

Unlike the in vivo assay methods used for R.S.V., (Carr

and Harris, 1951), where a minimal Infective dose can be esti¬

mated from the effect of serial dilutions on day-old chicks,
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the assay of the leucosis viruses hat been handicapped by the

relatively large incubation period required for one or more of

the neoplasms to develop, and by the variation in response.

As a result, bio-assays (Piraino et al, 1963), have not proved

successful. At the time this work was begun, the only rela¬

tively reproducible method of assaying leucosis viruses, with

the exception of myeloid leucosis (Mommaerts et al, 19S4), was

by techniques based on the interference phenomena, first des¬

cribed by Rubin <1960), and subsequently developed by Vogt and

Rubin (1963), which have been described in section IV «

Attempts were made to develop an interference assay technique for

osteopetrosis virus, since in vivo assays of this virus, resul¬

ting from infection of day-old chicks, took at least three

months. Unfortunately, the lack of tissue culture facilities

prevented the development of an infective centre, or interfer¬

ence assay. However, no detectible transformation was observed

seven days after the infection of chick fibroblast cultures with

partially purified osteopetrosis virus preparations. The C.A.M.

response to osteopetrosis virus preparations was inconsistent,

and no explanation for this variability in response could be

elucidated. However, virus preparations injected onto the

C.a.M, occasionally resulted in the multiplication of osteopet¬

rosis virus to such an extent that, after three days, the

osteopetrosis infected C,A.M. was immune to subsequent R.S,V.

infection. Although the response was variable, it can be con¬

cluded that osteopetrosis virus can be included in the R.I.F,

group of viruses.
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Recently, Sarma et al (1964) have developed an assay method

for the detection of the avian leucosis viruses, by using com¬

plement fixation techniques. This method is based on the abil¬

ity of Schmidt-Ruppin Rous Sarcoma virus (Ahlatrom and Forsby,

1962) to produce subcutaneous fibro-sarcoiuata, in hamsters and

Guinea-pigs, from which infective virus particles cannot be

isolated. These non-virus producing tumours, however, induce

complement-fixing antibodies, in hamsters and Guinea-pigs, which

are reactive, not only with the homologous virus, but with other

leucosis-type viruses, such as myeloid leucosis, erythroleucosis,

R.P.L, 12, R.I.F., and the Bryan strain of Rous Sarcoma virus

(Huebner et al, 1963). Consequently, a source of serum, uncon-

t«minuted with non-virus specific chicken antibodies, is readily

available. End point assays were obtained by inoculating serial

dilutions of virus into chicken embryo fibroblast cultures, grown

in petri dishes. The development of complement fixation viral

antigens was then assayed, after one or two cell transfers, by

a micro-complement fixation test, (Sever, 1962; Huebner et ai,

1963) .

This type of assay has advantages over previous R.I.F. assay

techniques, in that it is quicker and easier to carry cut, and

virus-specific antiserum can be obtained.

This technique was not attempted due to lack of eulturing

facilities and time, but it is probable that the osteopetrosis

virus would also share the common antigens found in the leucosis-

type of viruses already mentioned.
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On the basis that no leucotic condition developed in

either control or experimental birds, the assumption has been

made that the osteopetrosis viruses studied formed a homologous

population. It would have been a great advantage if this

point could have been confirmed by cloning the virus and

passaging a cloned population (Hanufusa et al, 1963). Unfor¬

tunately, these facilities for cloning osteopetrosis viru3 were

not available.

However, the life-cycle of the osteopetrosis virus, deter¬

mined by electron microscopy, reveals a consistent pattern,

suggesting the uniformity of the inoculated virus preparations.

The study of the life cycle reveals that the normal course of

the infection is unlikely to result in leukaemia, since the

primary site of virus multiplication appears to be the kidney.

This suggestion is based on the observation that the first

detectable virus, three weeks after injection of osteopetrosis

virus into day-old chickens, is in this organ. Other tissues

examined do not show demonstrable virus until times ranging

from four weeks for the spleen, to six months or a year for the

muscle lesions, after the initial inoculations. The replica¬

tion of virus in large quantities in the kidney is not alto¬

gether unexpected, as several authors have reported the invol¬

vement of the kidney in avian tumour conditions associated

with viruses (Harris, 1963). Foulds first reported the pro¬

duction of kidney curcinomata in fowls infected with reticul-

endothelioma, and this was confirmed by Carr (1959), and

Thoreli (1958). Carr (1959) concluded that Rous Sarcoma
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virus I, Duran-Reynals-D, Sarcomata 2, 3 and 4 of the Poultry

Research Centre, and the non-virus induced sarcomata G.R.C.H.

16, and Carr and Campbell's myeloid tumour, did not produce

these kidney carcinomata. endothelioma is reported as pro¬

ducing renal carcinomata like those produced by E.S.4 (Carr,

1960), and Chouroulinkov and Riviere (1959) suggest that these

are primary tumours and not metastitic. Dmochowski et al

(1961) and Burmester et al (1959a) have also claimed that myelo¬

blastosis can produce primary or transplantable tumours in the

kidney, which were shown to contain both intracellular and

intercellular virus particles. These particles were reported
O

to have an overall diameter of about 1,QOOA and nucleoids of

between 625 and 850A in diameter, which is consistent with the

size of the leucosis type of virus particle. However, none of

the descriptions of kidney involvement have included the extent

of virus growth In this organ. It is possible that many of

the chicken viruses replicate in the kidney, without normally

producing gross lesions, in the same way as osteopetrosis virus.

This might explain the frequent findings of tumours in this

organ, and the infectivity of the urine and faeces in many of

the leucotic conditions, (Foulds, 1934),

The extensive distribution of the osteopetrosis virus

throughout the tissues of infected birds examined (including

kidney, liver, spleen, marrow, periosteum, muscle lesions,

pancreas, blood and bone marrow), suggests that this virus Is

also responstole for the high incidence of lesions, other than

bone lesions, associated with osteopetrosis. It has been
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shown in these studies that the osteopetrosis virus normally

replicates in the kidney cells, and only occasionally produces

hone hyperplasia and tumours in the muscles and kidney. In one

experiment, 74.4% of all birds examined were shown to have

osteopetrosis virus growing in the kidney, but without any

accompanying pathological bone conditions. A situation of

this type would explain the virus-like particles found in nor¬

mal chicken tissue, (Benedetti, 1957; Karrer, 1960; Rubin,

1960; Zeigel, 1961), and the suggestion by Rubin (1960) that

R.I.F. is widely distributed by viraemic 'carriers', which are

apparently normal birds. Although it is not suggested, from

the evidence presented here, that osteopetrosis may be respon¬

sible for the distribution of R.I.F*, it may be inferred that

the leucoses conditions, like osteopetrosis, extensively infect

the host birds'tissues, have an affinity for kidney tis ues, and

can produce viraemia without the clinical signs of the disease

(Burmester, 1962), It is not surprising that these similari¬

ties in the behaviour of the leucosis and osteopetrosis viruses

resulted in a confusion of the aetiological relationships.

The examination of the P.R.C. 18 tumour hss indicated the

passenger virus relationship of osteopetrosis viruses with this

tumour. A similar explanation was presented in order to ex¬

plain the presence of osteopetrosis virus in R.P.L. 12 tumour

tissue, grown in osteopetrotic birds.

The origin and classification of the R.P.L, 12 tumour has

not been considered in detail, and the suggestion that this

tumour is of monocytic origin, rather than lymphocytic, Is
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made tentatively. However, this does agree wich Darcel and

Negroni's (1954) similar suggestion, and fits Olson's (1941)

data. The R.P.L. 12 tumour grown in osteopetrotic birds was

carefully examined to determine the association of the osteo¬

petrosis virus with the tumour cells. It was surprising that

the examination of the R.P.L. 12 tumour did not reveal any virus

particles before contamination was attempted, since Dmochowski et

ai (1959b) has reported the presence of intracellular particles

. 720A in diameter, in birds with the disease induced by R.P.L. 12.

Similarly, no transmissible conditions could be induced with

cell-free extracts from the R.P.L. 12 tumour. Although this

i3 contrary to Burmester's many reports of the infectivity of

R.P.L, 12 extracts, It is consistent with the observations of

several workers in this country (Campbell, 1961j Darcel and

negroni, 1954; Carr, 1961).

The R.P.L. 12 tumour, passaged at the Poultry Research

Centre, has beer, considered to be of the same cell type as the

tumour maintained by Burmester et al (1946). After passage

in osteopetrotic birds, it was subsequently shown to be con¬

taminated with osteopetrosis virus. Burmester et al (1946)

do not record being able to detect an osteopetrogenic agent

associated with R.P.L. 12, until fifty to two hundred passages

of the original tumour material have been carried out. Since

osteopetrosis has been reported (Burmester and Denington, 1947)

in *a few birds' of the flock used to passage R.P.L. 12, it

would seem that carriers of osteopetrosis virus almost certainly

occur in Burmester's flock. The persistence of osteopetrosis
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virus in the R.P.L, 12 tumour reported by Burraester agrees with

the findings reported in this work, and the behaviour of passen¬

ger viruses in general, as described in the introduction.

A similar argument can be used to explain the association of

osteopetrosis virus with R.P.L. 18 and R.P.L, 21 (Burmester,

1947u). After nineteen years of passaging R.P.L. 12, Burmester

et al (1960) isolated erythroblastosis from it, as well as

lymphoid leucosis and osteopetrosis. it has been reported in

these present studies that the R.P.L. 12 tumour can be experi¬

mentally contaminated with two separate viruses, which would

bring about an anaolgous situation to that reported by Burraester.

It Is assumed that the bird whichtrew the R.P.L. 12 tumour, from

which the extract inducing erythroblastosis was obtained, did

not show any clinical signs of erythroblastosis. However, if

this bird had been a 'currier' of erythroblastosis virus, it is

probabie that the R.P.L. 12 tumour could have become secondarily

infected with that virus.

Gross et al (1959), and Burmester et ai (1959b), have shown

that extracts of R.P.L. 12 tumours induce four different neo¬

plastic conditions. This has been explained by Burmester et

al (1960a) as being due to the variation in response of the

chickens used, rather than to the inoculation of a heterogenous

preparation of several different viruses. They explained the

varying response by suggesting that the routes of inoculation,

the age of the birds, and the size of the dose, were the critical

factors deter ining the response. It is well known that the
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susceptibility of different birds to the same dose of a virus

infection can vary, and this may be related to the reported

variation in virus content of extracts of routinely passaged

R.P.L. 12 tuaours. However, although the uge of the recipient

birds is important for the development of osteopetrosis, the

dose has not been shown to affect the type of neoplastic con¬

ditions induced. On this evidence, the concept of the multi-

potency of a single virus entity being responsibie for osteo¬

petrosis, erythroleucosis, lymphoid leucosis, and myeloid

leucosis, is unlikely. A more likely explanation is that

u group of viruses, which have very similar morphological,

physical, chemical and mtigenic characteristics, are indivi¬

dually responsible for each disease. The confusion is probably

due to the natural background incidence of all the reported con¬

ditions in many of the experimental flocks, due to carrier birds,

and to the difficulties in the separation of viruses into

'cloned' strains.
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APPENDIX

FIXATIVES

P IDE'S BUFFERED OSMIUM TETKOXIDE (Palade, 1952)

Buffer: Sodium Veronal
(Stock Solution) (Sodium barbitone) = 2.89 gms)

Sodium Acetate
(Anhydroos) = 1,15 gms)

Make up in 100 mis distilled water

Osmium Tetroxide: Dissolve 1 gm. of OsO in 50 mis
(Stock Solution) of distilled water

Fixative: 2% OsO =12.5 mis
Veronal acetate buffer = 5.0 mis
distilled water = 2.5 mis
0.1 N-HC1 = 5.0 mis

(Final p.H. should be adjusted to 7.3 - 7.5. s
Stock solutions are stable for several weeks if kept
at 4°C.)

ZETTERQVIST'S BUFFERED ISOTONIC OSMIUM TETROXIDE (Zetter
qvist. 1956)

Buffer: Sodium veronal = 2.94 gms
(Stock Solution) Sodium acetate = 1.94 gms

Make up to 100 mis with distilled water

Ringers solution: Sodium chloride = 8.05 gms
(Stock solution) pottasium chloride = 0.42 gms

calcium chloride = 0.18 gms

Make up to 100 mis with distilled water

Fixative: 2% OsO = 25 mis
Veronal acetate buffer = 10 mis
Ringers solution = 3.4 mis
0.1 N-HC1 =11.0 mis

(The fixative is prepared in the same way as
Palade's fixative, and thep.H. adjusted to 7,2 - 7.4
with the N-HC1)

CAULFIELD'S BUFFERED OSMIUM TETROXIDE WITH SUCROSE (Caul-
fieId> !95T7

Buffer: Sodium Veronal
(Stock solution) Sodium Acetate

= 2.94 gms
= 1.94 gms
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Make up to 100 mis with distilled water

Fixative: 2% Osmium Tetroxide = 12.5 ml s

Veronal acetate buffer = 5.0 mis
Distilled water = 2.5 mis

N/10-HC1 = 5.0 mis

(p.H. is adjusted to 7.4 with N-HC1. 0.045 gms of
sucrose is added per ml. of fixative)

LUFT'S BUFFERED PERMANGANATE (Luft. 1956)

Buffer: Prepare veronal acetate buffer
(Stock Solution) in the same way as above.

(Stock Solution) Potassium permanganate
dissolve in 100 mis of water = 1.2 gms

Fixative: Potassium permanganate solution = 12.5 ml s

Veronal acetate buffer = 5.0 ml s

Distilled water = 2.5 ml s

N-HC1 - 5.0 ml s

GLUTARALDEHYDE (Sabatini et al. 1962)

Buffer; Sodium veronal = 1.47 gms
(Stock Solution) Sodium acetate =0.97 gms

Sucrose = 11,25gms
Calcium chloride = 0.05gms

Dissolve in 200 mis of distilled water and
titrate to a p.H. of 7.4 with N-HC1. Make up
to 250 mis with distilled water.

Fixative: Glutaraldehyde = 5.0 mis
Veronal acetate buffer =95.0 mis

This fixative is stable for several months if
it is kept at 4°C.



X.V

DEHYDRATION OF ELECTRON MICROSCOPE SPECIMENS

Pieces of tissue were dehydrated according to the
following schedule

and maraglas)

40% alcohol 15 minutes

OCD alcohol 15 minutes

00 o alcohol 15 minutes

90% alcohol 15 minutes

Oo•H alcohol (2 changes) 15 minutes

Oo epoxy propane 5 minutes

EMBEDDING MIXTURES

ARALDITB (Glauert and Glauert, 1958)

Araldite M (resin) o•o•H ml

Hardener 964B 10.0 ml

Dibutyl phthalate 1.0 ml

Accelarator 0.5 ml

Specimens were placed in this mixture, in gela¬
tine capsules, and the monomer polymerised at 60°C
for 48 hours. No 'washes' in araldite were carried
out before polymerisation, since the least viscous
araldite mixture (giving the best penetration) was
fresh monomer, heated to 60°C.

MARAGLAS (Freeman and Spurlock, 1962)

Maraglas 655 6.0 mis

Maraglas Cardolite NO-513 4.0 mis

Benzyldimethylamine 0.2 mis

Tissues were placed in this embedding mixture,
and then the monomer was polymerised by heat at 60°C.
for 48 hours.

DURCOPaN (Fluka, A.G., 1963)
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(Tissues were dehydrated with acetone in a
schedule like that used for araldite and alcohol).

Epoxy resin 10..00 ml

Hardener 964 10,,00 ml

Accelerator 964 0..20 ml

Dibutylphthalate 0,.15 ml

EMBEDDING PROCEDURE

1. The dehydrated tissues were placed in the
embedding mixture, without the accelerator, for
one hour at room temperature.

2. The embedding mixture was changed for one
with the accelerator, and left for one hour at
50°C.

3. A final change of embedding mixture was: made,
and the tissues left at 50°C for 48 hours.

ELECTRON MICROSCOPE STAINS

Standard techniques were used for all the
lead, the phosphotungstic and phosphomolybdic
acid stains.

POTASSIUM PERMANGANATE (Luft, 1956)

The same mixture was used for staining as that
described for staining on page 2 of the appendix.
Sections were floated on a fresh solution for 1-5
minutes.

URANYL ACETATE AQUEOUS SOLUTION (Brodly, 1959)

The stain was prepared by making a saturated
aqueous solution, and then clarifying the solution
by centrifugation. Sections were stained for half
an hour to two hours.

URANYL ACETATE 50/50 WATER / ALCOHOL SOLUTION
Gibbons and Grimstone)

Same preparation as above.

Staining time, 10 - 15 minutes.

Uranyl acetate (100% alcohol)

Same preparation as above solution.

Sections were stained after 10 - 15 minutes,
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All the sections stained in uranyl acetate
solutions were thoroughly washed in the appropriate
solvent, to remove any non-specific precipitation
of uranyl acetate.

LIGHT MICROSCOPY Ti-'CHNI UES

These were all according to the standard
references.
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METHOD OF PARTIALLY PURIFYING VIRUS

This technique was similar to that described by

Bather (1954). Tissue extracts were treated to

a series of high and low centrifugation cycles

according to the following schedule

1) Agreous tumour homogenates were centrifuged

at 1000 g for 15 minutes

2) The precipitate was discorded and the super¬

natant decanted and centrifuged for 1 hour

at 16000 g.

3) The precipitate obtained from this treatment

was resuspended in about 10 mis of Pringus

solution and the low and high centrifugation

cycle repeated.

4) After two high/low cycles of centrifugation the

pellet was resuspended in the appropriate

solution: this was the final virus preparation,



TISSUE CULTURE

All the techniques used for the preparation of

tissue culture cells can be found in "Cell and Tissue

Culture" by Dr. John Paul. However, petri dish

cultures were kept in chambers constructed so that

cells could be kept in a CC>2 atmosphere in an incub¬
ator at 37°C. The boxes were made of perspex

12" x 10" .and had detachable lids of %" glass. The

lids rested on a thin layer of foam rubber, so that

when they were clamped tight the boxes were fairly

air-tight. A 5% C09/Air mixture could then be
introduced by one of two taps. See plate 42, page

of Appendix.



 


