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j Een fotometrisch onderzoek van veranderlijke rode sterren met kleine

[ amplitude.

[•
I' Samen vat t Ing

Gedurende twee jaar zijn drie kleui-en waarnemingen gedaan van zuidelijke

onregelmatige en halfregelmatige veranderlljke sterren van verschillende

typen. De onderzochte sterren waren voor het merendeel rode reuzen.

Van deze sterren zijn zeer weinig nauwkeurige waarnemingen gepubliceerd,

hoewel het verreweg de grootste groep veranderlijken is.

Goede licht- en kleurkrommen zijn verkregen voor circa 40 sterren.

In bijna alle gevallen bestrijken de waarnemingen meer dan een volledige

cyclus. Eerdere publicaties aangaande dit onderzoek zijn opgenomen in dit

proefschrift.

Een korte beschrijving van alle waarnemingen voor iedere ster afzonderlijk

is aangegeven.

Het is geblekea dat de SRb and de Lb sterren een gebogen nauwe strip in het

(U-B) - (B-V) diagram opvullen. Deze strip is genoemd de Locus of Red

Variables (LRV).

Het (U-B) van de variabelen is circa 0,5 mag. blauwer dan dat van de K III

reuzen.

Huwweg zijn de variabelen op grond van de waarnemingen in drie groepen

ingedeeld: twee groepen M-sterren en de koolstof-sterren.

De twee groepen M-sterren zijn te onderschelden op grond van hun kleurvariaties

en dientengevolge hun baan in het twee-kleurendiagram. Een aanwijzing kan zijn

de amplitude van de variaties.

Voor een groep zijn de kleuren (B-V) en (U-B) beide het blauwst tijdens

minimum licht, en zijn de banen in het twee-kleurendiagram nauw, en evenwijdig

aan de LRV.

Voor de tweede groep is een en ander niet waar, en zijn de genoemde banen kort

en breed.

Bovendien zijn de amplitudes j V en £(B-V) voor de eerste groep systematise!)

groter dan voor de tweede.

Men kan de eerste groep identificeren met de SRb en de tweede met de Lb

veranderlijken.

Een lineair verband schijnt te bestaan tussen S\' en S(V-B).

Ook geldt altijd, dat per ster £(U-B)> S (B-V).
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Het gedeelte der LRV boven het buigpunt (U-B < 1.0) bevat veranderlijke

sterren met onregelmatlger licht- en kleurvariaties.

Het gedrag van de LRV en de Q - (B-V) en Q - (U-B) diagrammen v/ordt

vergeleken met de resultaten van Wing (1967).

Het door horn gevonden verband tussen kleuren en Inverse temperatuur is ook

terug te vinden in onze resultaten, namelijk bulging bij B-V = 1.5 en rechte

lijnen voor (U-B).

Het gedrag van licht- en kleurkrommen kan ten dele verklaard worden uit de

verandering in TiO absorptie.

Onderscheid dient gemaakt te worden tussen sterren met en sterren zonder

emissielijnen.

Voor de SRb sterren is een absolute magnitude M = -0.9 bepaald met behulp

van de methode Jung.

Met behulp van het tweede-orde autoregressieve proces zijn modellichtkrommen

geconstrueerd, die een grote overeenkomst vertonen met werkelijke lichtkrommen.

De reeks Lb - SRb - SRa (-M) kan worden gereproduceerd.

Gesuggereerd wordt, dat de lichtvariaties van de koele reuzesterren het

gevolg kunnen zljn van willekeurige processes en dat dus de gepubliceerde

periodes, zeker voor de SR sterren, zonder betekenis zijn.

Men mag, ook op grond van andere overwegingen, de mogelijkheid dat de reeks

Lb - SRb - SRa (-M) een evolutiereeks is, niet a priori uitsluiten.
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Section 1

General information on the Red Variable Stars.

1.1 Introduction

The red variables are the largest and most inhomogeneous subgroup

of the family of variable stars. It is often not realised, that more than

60% of the 13782 physical variables, listed in the General Catalogue of

variable stars (GCVS 1969, Kukarkin et al.) are giant or supergiant red

variables, while only 5% are Cepheids.'

Although quite a number of papers deal with problems concerning red

variables the amount of observational data is very small compared with the

number of stars, and also, which is worse, the existing data are

inhomogeneous, scanty and scattered in time. In this introduction we will

try to give a summary of the various aspects of the problem, and the present

state of knowledge. It is not our intention to give a complete survey of

the literature, but only to give an impression of the problems involved.

Cool stars are complicated physical systems. There exist many

(theoretical) problems yet to be solved, for instance the abundances of the

various chemical ingredients, evolutionary models, theory of convection,

formation of molecules in the atmosphere, formation of metals during the

various stages of evolution, presence of emissionlines, types of lightvariation,

population, recently discovered OH-emission, mechanism of mass loss,

polarization, etc. Bearing in mind the fact that a large fraction of all

main sequence stars will eventually evolve into the red giant domain, where

these stars have a fair chance of becoming variables as well, the lack of

observational data becomes even more serious. Although a number of papers is

devoted to Mira variables (4566 in the GCVS), the semiregular variables

(3908) may be considered a "forgotten" group. Well observed light and colour

curves, if possible with sinultaneous spectroscopic observations and

polarization measurements are certainly a first requirement for the

classification and interpretation of the red variable stars.

The general argument, that a variable star reveals more of its

internal structure than a non-variable stir, also stresses the need for more

observations of the "forgotten" group of semi-regular and irregular variable

stars.



A good review of the problems in the interpretation of the rod

giant stars has been given by Wing (1967) in his thesis. We refer the

reader to Wing's work rather than duplicate his arguments.

In the following sections we will give a (by no means complete)

review of the present state of progress.

Though the present paper Is concerned only with small amplitude

variables, in the following sections we will deal with the red variables

in general.

1.2 The Classification of the red variables.

A complete theory on any physical system explains all the observed

phenomena and predicts not yet observed properties of the system. Thus a

complete set of observations is required, and the observations have to be

properly classified in order to know what has to be explained. The classifi-

cation of the red variables (or the red giants in general) is not simple,

since many parameters are involved.

The stars have to be divided in groups with as many physical characteristics

as possible in common, for instance: a division according to spectral types,

(K, M) chemical composition (M, C, S type spectra), luminosity class, type

of variability (Mira, semi-regulars), presence of emission lines, etc.

The classification of the red variables in the GCVS is rather crude,

and can be summarized as follows:

M Mira type, late spectral types, emission lines present during

certain phases, large visual amplitudes, rather stable

periodicity.

SRa Semi-regular variable giants of late spectral types (M, C,

R etc.). They have a comparatively stsble periodicity,

amplitudes and shapes of the light curves liable to change

greatly from cycle to cycle.

SRb Like SRa, but with poorly defined periodicity, periodic

variations are sometimes replaced by slow, irregular

variations, or even constant brightness.

SRc Semi-regular variable supergiants o; late spectral classes.

SRd Like SRc, but of spectral type F, G, K.

Lb Slowly varying irregular giant of late spectral types.

A number of variables is often referred to this type because

of insufficient observational data.



It must be noted that the giant red variables often receive their "label"

on a limited amount of information. The existing lightcurves on which

the classification is based, are nearly all photographic ones, and they

often span only a few cycles or even less. An additional problem is that

the lightcurves do not have a characteristic shape, like the Cepheids or

the RR Lyrae variables. So for a large part of the red giants the

classification may be very uncertain.

A decent classification should involve more parameters than

spectral type and visual light variations only.

Eggen is publishing a long series of papers under the title

"Classification of variable stars" (see for instance 1975, for the red

variables). It is not clear however, which type of classification scheme

will be the result.

1.3 Photometry

A large part of our present knowledge of the photometric behaviour

of the red variables we owe to the Gaposchkins, who published the analysis of

a huge amount of photometric data in various papers in the Harverd Annals

(E.g. 115, 118).

A number of papers have been published on Mira variables, since they

are usually bright, they have quite a stable periodicity, and a large

amplitude.

These properties make them favorable for visual observations by

amateur astronomers throughout the world (see for instance Cambell, 1955).

These obervations are important, but they are not accurate enough to reveal

smaller details in the light variation.

Photoelectric lightcurves often refer to maximum or near maximum phase

only (e.g. Smak 1964, Eggen 1961, Evans 1970). Complete lightcurves (covering

at least one cycle) are scanty. Some have been published by Eggen (1972a) and

Wisse and Wisse (1971a, paper I; 1972c). More recently Cells has made

photoelectric observations on red variables (Cells 1975, 1977). The 1975

results consists of a number of scattered observations, form which he derives

a two colour diagram, which is consistent with the results described in

section 5 and 6 of the present paper.

In his second paper Cells presents lightcurves of about 60 Mira type variables

in many cases for more than one cycle.

•T?
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Unfortunately the number of observations in each cycle is often not enough

to cover the lightcurve completely, or to reveal small details in the

lightvariation. In a third paper Celis (1978) has made an attempt to relate

intrinsic amplitude and molecular absorption by means of an empirical

relation among some characteristic elements of the lightcurves.

Smak (1964) also investigated the effect of TiO absorption on the

colours of M type variables. Kubiak (1966) did the same for early M-giants.

The mentioned observations are nearly all in the UBV-system, of course not

the most suitable system in case of the red variables. Luckily much progress

is made in research in infrared wavelength region. Espescially observations

at the continuumpoint at 10400A haven been published (Wing, 1967). Lockwood

and Wing (1971) determined lightcurves for 25 Mira variables (also in other

narrow spectral regions), Lockwood (1972) used the same photometric system

om Mira variables to determine 1,04 magnitudes, near-infrared colours and

molecular bandstrengths.

Barnes (1973) observed Mira variables in the VRI system. Scanner

observations have been published by Wing et al. (1967) and by Maehara and

Yamashita (1976).

Not very much has been done on the small amplitude variables. (Smak, 1964;

Eggen 1973, 1975, paper I).

1.4 Motions, Absolute Magnitude, Spatial Distribution

Determination of the motions of the red variables are indispensable

for the derivation of statistical parallexes, absolute magnitudes and the

dynamics of the system of red variables.

An important and much used study on proper motions of red variables

is the one by Osvalds and Risley (1961). They derived absolute magnitudes

from statistical parallaxes. Smak (1964, 1966) applied corrections to the

absolute magnitude given by Osvalds and Risley.

Feast (1963) published a study on kinematics and absolute magnitudes

of Mira variables. He found a relationship between mean velocity and period,

and also derived a period-luminosity relation.

Wallerstein (1962) determined absolute magnitudes as a function of

colour index and metal abundance for stars in five different clusters. Possibly

the metal abundance decreases with spectral type,' which is consistent with the

possibility that dispersions and velocities increase with spectral type. The

absolute magnitude is apparently more sensitive to metal abundance than to

spectral type.



Feast (1966) and Smak and Preston (1965) studied the kinematics

of distant Mira-stars. They arrived at quite different results especially

conspicuous in the value of Oort's constant A for the various period-groups.

Feast (1972) attributed the differences to selectioneffeets, and was able

to remove a large part of the discrepancy.

Blanco (1965) and Plaut (1965) published survey papers on the

motions and distributions of red giant stars.

An earlier summary is given by Payne-Gaposchkin (1954). On short

period variables and semiregular variables important papers are the ones by

Clayton and Feast (1964) on statistical parallaxes and one by Feast et al.

(1972) on the kinematics of the red SR variables. They found no evidence

for a dependence of mean kenematic property on period. (See the last chapter

of this paper.)

1.5 Red giants in clusters, the center of the galaxy, the Magellanic clouds.

Already mentioned is the paper by Wallerstein (1962). More recently

a number of studies have been published, of which we will name a few.

A nice review paper is the one by Feast (1972). More recently Glass and

Feast (1973) published infra-red photometry on red giants in 47 Tucanae and O>

Centauri. They derived bolometric corrections and found that these are close

to those for population I giants of the same colours, and also that the T1O

bands are of the same strengths. They also found a considerable (U-B) excess,

compared with the IR colours. Lloyd Evans (1976) is investigating red variables

in the central bulge of the galaxy.

Blanco et al. (1978) published an interesting study, in which they

compared the distribution of M and C stars in the galaxy and the Magellanic

CLouds. They used low dispersion spectra to recognise the different spectral

tjpes. They found numerous late M stars in the clear nuclear bulge region

(Haade's window) but virtually no C-stars. Many C type stars were found in

the small Magellanic Cloud central regions, but only a few M stars.

Elsewhere the numbers were comparable.

:1

1.6 Spectroscopy

Numerous investigations have been carried out on spectra of late

type stars. Many deal with the determination of radial velocities, like the

already mentioned work by Feast, and also the earlier work by Joy (1942) and

Wilson (1942).

"• i /-"*..'.



One of the most conspicuous features in the spectra of Mira

type variables is the presence of emissionlines at various phases of the

lightvariation. See e.g. Merrill et al. (1962). Other M-type stars often

do not show emissionlines. One sometimes gets the impression that there

exists a correlation between the presence of emission lines and the

regularity of the light variation.

The study of the spectra of late type stars is difficult. Many

molecular bands dominate the scene, no clear continuumpoints seem to be

present, and at the short wavelengths numerous metallic lines obscure the

continuum. (An adequate temperaturescale is difficult to establish). Large

scale convection, of which no good theoretical model exists, makes the

construction of models of the atmosphere extremely difficult. Also the

abundances of the various elements, of which the C/0 ratio is very

important, are not very well known. A summary of these problems and some

thoughts on the formation of heavy elements has been presented by Edmunds

(1978). Wing (op.cit) also gives a review of the difficulties in the

interpretation of the spectra of late type giants.

Recently Tsuji (1978) computed spectral energy distribution and

effective temperature scales for M-gianta. He, necessarily, used simplified

models with LTE and hydrostatic equilibrium. He found higher effective

temperatures than those usually adopted, but remarked that they are possibly

more consistent with evolutionary models. He also found that the TiO

absorption is very sensitive to temperature. (This might be one of the

causes of small irregularities in the lightvariation of red variable giants).

Again not much work seems having been done on the small amplitude variables.

1.7 Polarization and microwave emission

Late type variables often show intrinsic and time dependent

polarization. Dombrovskii (1970) found, that the degree of polarization and

the rantjj oi variation increase with wavelength. He found a correlation between

variations in polarization, luminosity and colour for a number of stars. More

measurements on late type stars have been made by Dyck and Jennings (1971)

and Serkowski (1966). ;

Microwave emission from red giants has recently been discovered (see Olnon, 1978)i



1.8 Theory and models; evolution

Because of enormous complexity of the problem not many papers have

been published on the theoretical aspects of the late type stars. Tsuji

(op.cit.) published a paper on the atmospheres of M-type giants.

Schwarzschild (1975) investigated the possibility of large scale convection,

and tentatively reached the conclusion, that very large convection cells

with temperatures of 1000K higher than the surroundings might reach the

surface of the star. Evidence for mass loss has been discussed by Deutsch

(1960). This case has been strengthened by the discovery of intrinsic

polarization and microwave emission.

Keeley (1970 a, b) constructed models on the variability of the

long period variable stars. He showed, that large amplitude pulsation can

occur in convective stars. Iben (1974) published a review paper on the post

main sequence evolution of single stars. Feast (1972) remarked, that SR and

Mira stars might represent different stages of evolution.

Wilson (1976) analysed the presence of emission lines in LPVS in

terms of shock waves.

Ashbrook et al. (19S4), analysed the lightcurve of U.Cephei by

means of a stochastic process, but Sharpless et al. (1966) used a power

spectrum analysis and came to the conclusion that li. Cephei showed an

unexpected degree of regularity.

Eddington and Plakidis (1929) summarized the irregularities in the

lightvariation of LPVS.

Fischer (1969) investigated the irregularity in the light changes

of Mira Ceti, Lukatskaya (1975) used an autocorrelative analysis on the

SR and Lb stars.

In the last chapter of the present paper another approach is used on

the lightvariation of the red variables.

1.9 Summary, requiremgnts

Since this paper is concerned mainly with the small amplitude

variables, we will confine this section to this type of stars. It may have

become clear, that the present state of knowledge of the SR and especially

of the Lb variables is far from being satisfactory. Only a snail number of

photoelectric lightcurves exist, and they are nearly all beased on a limited

number of observations.



They give some indication on the behaviour of the colour curves, but

• contain not enough information to see wether there is a difference in

j photometric behaviour between for instance the SB and the Lb stars.

' They are also not sufficient to reveal details in the lightvariation, as

J found in paper I.

It has been found, that the giant variables show (U-B) colours,

•: which are too blue for their spectral types, but no precise analysis of
1 this phenomenon has been made.
: The present investigation on SR variables was made to get a more

; accurate information on the behaviour of the light and colour curves of the
1 small amplitude variables, and to see wether the variables can be distinguished

i on the ground of their photometric behaviour. These observations are of

course not sufficient to solve the problems concerning the giant variables.

| The red stars being extremely complex physical systems, progress in

the interpretation can only be made by simultaneous observations of may

? different aspects of the problem. These observations (spectroscopy, photometry,

polarization) should not be confined to scattered points of the light cycle,

i but they should cover completely more than one cycle of many different types

of red variables.

i We realize that this will be a gigantic task, but we feel that the

; small scale fluctuations, as discovered in the present survey, may play an

important part in the whole complex of phenomena.

i We feel that the results by Schwarzschild. on large scale convection, t

and by Tsuji (his remark for instance that TiO absorption is very sensitive

; to temperature) deserve much attention. It is possible that a combination of

: these processes is responsible for a large part of the variation in light ' ~>

I and colours. ';

• Measurements of the variation in time of the strength of molecular i

! absorption bands might also be of great importance. All these observations jj

' cannot be made at one place, by one person, but if only a few characteristic '

i members of the family of giant stars are selected, the observations can be •',
' 1

carried out at a number of observations and should not take much (valuable) \
1 i

• observing time and especially not if modern high speed observing techniques "

• are used. ;

• A program like this will yield results which will contribute to a j

; better understanding of the giant red variable stars. !I
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Section 2

The Survey

In view of what has been mentioned above the author and his wife have

conducted a two year survey of semiregular and irregular variables of

various types; some of the results have been published already (Wisse and

Wisse, 1971, a, b, c; 1972, a, b, c). The main purpose of the present survey

was to observe as many stars as possible through the whole range of their

light variation and to get well covered light and colour curves.

Accordingly, stars have been selected from the GCVS on the

criterion that they must be brighter than m v 9.5 at minimum. ;

In order to get good coverage of light and colour curves it was

tried to observe each variable at least once every two or three nights.

The programme stars with their comparison stars and the

coordinates of the comparison stars are given in Table I, together with the

adopted magnitudes and colour indices for the comparison stars.

The galactic distribution of the variable stars is shown in

Figure I.

The survey being finished one can investigate a number of properties

of the light and colour variations. -

1) Periodicity. One cannot really expect to find the observed time of

maximum in agreement with the predictions, because the periods are '

usually poorly defined. '

2) Amplitudes. The amplitudes of the light variation are often used to

distinguish between various types of variables. We do not consider any

long term variations in mean brightness, but we look only at the :

individual cycles. '

We should be able to say something about the amplitudes of the colour \

variations of which hardly anything Is known. w

3) Shape of light curves. Does the shape of the light curve vary strongly "'•

from cycle to cycle? Are there small irregularities, like humps, shoulders, ,';

and if so, how do they behave?

4) The behaviour of the colour curves in relation to the light variation. j

Smak's (3.964) observations were not sufficient to perform such an analysis. i
•A

5) Mean colours of the variable stars and their paths in the (U-B)-(B-V) plane, H
i

~to~



It was hoped that the answers to these problems might give us

some clues towards a better defined classification scheme for the red

variable stars. Although we have not net by a long way the requirements

specified In section 1, we have been able to show that a more detailed

classification, based on UBV photometry is possible.

An attempt to classify the N and S type variables has been made

by Eggen (1972 b, c).

The observations and reductions are discussed in section 3; in

section 4 a description is given of the individual variables. Section 5

gives a discussion of the general properties of light and colour curves, as

indicated in the present section. In section 6 we investigate how the results

obtained in sections 4 and 5 can be used to give a better defined classifi-

cation of the red variables We will also point out some other interesting

phenomena, followed by a final discussion in section 7.

•*'••



Section 3

Observations and Reductions

The observations have been made with the 50-cm Boiler and Chivens

cassegrain telescope of the former Republic Observatory at Johannesburg and

a conventional, single channel UBV photometer, consisting of an unrefrigerated

EMI 6685 photomultiplier and 2 mm UG 2 (U), 1 mm BG 12 + 2 mm GG 13 (B) and

2 mm OG 4 (V) filters.

Comparison stars were chosen as close to the variable as possible,

preferably of spectral types G ank K. Thus we could avoid colour terms, and

reduce the possibility of variability of the comparison stars. In the three

cases where H-type comparison stars had been used, all three stars turned

out to be variable! (Wisse 1971 a, b, Wisse and Wisse 1972 d).

The sequence sky - coup. - var. - var. - coup, in the three

wavelength regions was chosen to give one observation of the variable.

All measurements have been made differentially. Ho corrections

for differential absorption have been applied between variables and comparison

stars, because the difference in air mass was always very snail.

The following transformation formulae have been used:

A (B-\f) =
- V) O)

Because of the fact that the variability of the atmospheric

transparency (smoke.') prevented highly accurate measurements anyway, and

because of the choice of standard stars of comparable spectral types, no

second order terms have been taken into account. In the case (variable -

comparison) the terras with .Asec z were supposed to be zero.

A method described by Hardie (1962) was used to determine the

transformation coefficients, giving: £ =-0.102; it = 0.870; if = 1.258.

All the reductions have been made with the Hewlett Packard 9100A

desk-top computer of the Republic Observatory. The accuracy of the magnitudes

and colours of the comparison stars are indicated in Table I,



The strongly and sometimes rapidly varying transparency of the

Johannesburg atmosphere is responsible for the large mean errors. The

observations of the variables are much more accurate because of the smaller

time interval and small A sec z. The estimated mean error in 4V and A (B-V)

is about + 0?02, and slightly larger for & (U-B) for a single observation.

-13-



TABLE I

VAR

#Aps

RT Cno

V369 Cen

EU Del

RU Equ

AK Hya

S Lep

RX Lep

X Mon )
V523 Mon)

V533 Oph

UW Peg

UX Sgr

AX Sco

RR Car

Y Cen

SU Sgr

SW Vir

U Hya

T Ind

AQ Sgr

V412 Cen

V744 Cen

U Del

V551 Oph

r*Ser

RW Vir

HD 197753

It Gru

X TrA

COORDINATES,

COHP
(SAO)

257133

98254

239773

106300

126686

154484

171241

150222

133964

141932

127421

161918

184563

237580

182608

187675

139229

156167

230636

187675

241371

224297

106396

185573

101610

138582

106396

231104

257257

cC

14

8

12

20

21

8

6

5

6

17

22

18

16

3

14

19

13

10

21

19

13

13

20

17

15

12

20

22

15

MAGNITUDES, AND COLOUR

The

1970

h12D00S

56 14

13 00

35 15

16 05

36 55

5 15

10 45

56 31

51 15

15 20

50 02

40 55

59 15

28 52

04 35

11 50

40 45

18 15

04 35

59 10

36 29

40 40

36 25

31 50

04 22

40 40

21 00

12 32

mean errors are

s
1970

-76°18'

+10 37

-55 14

+18 07

+ 7 36

-16 56

-23 33

-11 52

- 8 49

- 3 36

+ 2 52

-16 33

-27 08

-58 52

-29 12

-22 40

- 3 22

-13 40

-45 19

-22 40

-57 03

-49 52

+17 22

-28 00

+16 06

- 5 34

+17 22

-46 01

-70 23

V

7.84

8.76

7.20

8.55

9.34

8.63

7.57

8.23

8.59

7.50

8.79

8.49

7.84

8.03

7.66

8.49

7.26

6.80

9.21

8.49

6.93

7.91

6.19

6,79

6.50

7.59

6.19

8.71

6.86

INDICES OF

in 0?001

me

37

34

48

28

22

44

51

85

47

27

46

42

30

61

44

38

58

52

27

38

39

44

26

38

47

44

26

42

35

THE

B-V

+0

+1

+1

+1

+0

+0

+1

+0

+1

+1

+1

+1

+1

+0

+1

+1

+1

+0

+0.

+1.

+1.

+1.

+0.

+1.

+1.

+1.

+0.

+1.

+0.

.04

.14

.38

.10

.74

.89

.21

.45

.20

35

67

08

74

51

44

10

48

62

32

10

76

34

94

92

26

06

94

32

74

COMPARISON STARS

me

±15

24

19

08

12

17

26

20

22

11

12

16

16

25

07

20

23

23

20

20

15

20

07

25

09

16

07

11

15

U-B

-0.09

+0.99

+1.55

+1.00

+0.36

+0.49

+1.15

-0.06

+1.02

+1.36

+2.22

+0.74

+2.19

-0.05

+1.71

+0.95

+1.82

+0.95

+1.92

+1.49

+0.57

+2.36

+1.42

+0.90

+0.57

+1.50

me

+51

68

61 ;

61 :

29

63 :

68 "

75 ;

70 ;

25 ;

85

44

60

65 ,1

65

42

54 •-;

42 i

44

52 j

33 ,

66 f

32 i;

55 ,'

33

•

53 •;

3

"ft"

- # • '



TABLE I

VAR

V450 Aql

T Cen

RY Mon

IW Car

O1 Cen

AX Sgr

V418 Cen

CK Ori

RX Vir

(continued)

COMP
(SAO)

106300

204738

134264

250565

239176

161106

252666

112787

138582

0(1970

20h35ml5S

13 40 20

7 07 45

9 23 45

11 32 35

18 07 05

14 13 00

5 25 45

12 04 22

s
1970

+18°07'

-33 34

- 8 14

-63 33

-59 21

-18 00

-63 45

+ 4 11

- 5 34

V

8.55

8.91

7.14

8.53

9.84

8.99

8.22

7.33

7.59

me

28

51

46

47

45

36

26

44

44

B-V

+1.10

+0.97

+1.18

+0.65

+0.89

+1.34

+1.22

+1.17

+1.06

me

08

17

23

19

13

13

10

32

16

U-B

+1.00

+0.62

+0.10

+0.17

+1.41

+1.27

+1.16

+0.90

me

61

53

61

62

51

53

34

55

b)

a)

b)

V uncertain because of long cloudy spell.

Redetermination. See Paper I.

For a number of stars other comparison stars have been used in 1970 than in

1971. They are given in Table la.

TABLE la

RR Car
U Hya
RW Vir
SW Vir

Y Cen

U Del

X TrA

T*Ser

UX Sgr

See Paper

182596

106300

253116

101637

161972

14

20

15

15

18

I

27

35

18

35

54

51

15

20

58

20

-29

+18

-69

+15

-16

47

07

52

55

35

9.60

8.55

7.77

8.65

9.06

27

28

52

24

24

+1.03

+1.10

+1.41

+1.34

+1.78

10

08

09

25

14

+0.

+1.

+1.

+1.

67

00

85

94

95

61

118

16 :i

''5

'4

•S



TABLE II. Coordinates and photometric properties of the variable stars.

STAR 1970 (B-V) (U-B) S V &U-B) E(B-V)

GROUP I

V Aps Mbp

RT Cnc M5III

V369 Cen Mb

EV Del

RU Equ

AK Hya

S Lep

RX Lep

X Mon

V523 Mon

V523 Oph

UW Peg

UX Sgr

AX Sco

M61V

M6

M4III

M6

gM6

gM3e-M4

Mb

M6

M5

Mb

M6

14 02m20S -75 39' 307?21

08 56 39 +10 58 217.57

12 13 23 -54 39 297.65

20 36 42

21 16 49

08 38 31

06 04 31

05 09 59

06 55 46

06 56 40

17 51 32

22 16 40

18 53 10

16 40 05

+18.10

+ 7 38

-17 12

-24 11

- 9 01

- 8 59

- 2 37

+ 2 35

-16 34

-27 04

62.05

55.09

241.51

230.46

-11 53 212.55

221.66

221.73

23.83

65.76

18.51

353.27

-14?

+33.

+ 7.

53

03

68

+1

+1

+1

.48

.45

.65

+1

+1

+1

.07

.07

.47

-13.63 +1.35 +0.96

-27.74

+14.57

-20 35

- 2.86

- 2.63

+11.75

-42.51

+ 8.19

+12.53

+1.53

+1.50

+1.60

+1.60

+1.56

+1.53

+1.64

+1.72

+1.71

+1.17

+1.33

-27.52 +1.46 +1.13

+1.60

+1.63

+1.24

+1.38

+1.47

+1.39

0.56

0.59
0.32
0.49
0.51
0.23
0.36

0.24

0.46

0.55

0.38
0.62

1.18

0.35

0.47

0.35

0.46

0.43

0.10

0.12

0.05

0.06

0.04

0.09

0.08

0.06
0.14

0.14

0.04

0.08

0.04

0.05

0.07

0.20

0.28
0.20
0.30

0.24

0.16

0.41

0.18

0.22

0.11

0.00 5.48

+0.03 7.5E

+0.28 8.02

0.19 0.00

+0.09

+0.18

0.24 +0.08

+0.18

+0.51

+0.14

+0.20

+0.25

+0.17

8.44

6.60

6.62

7.64

6.95

7.44

9.34

7.57

0.5 0.07

0.5 0.08

0.5 0.20

5.93 0.5 0.09

0.5+ 0.10

0.5 0.10

0.5 0.09

0.5

0.5

0.5

0.5

0.5

0.5+

0.22

0.17

0.14

0.07

0.17

GROUP II

RR Car M6

Y Cen M4

SU Sgr M6

SW Vir M7III

09 57 06

14 29 11

19 01 57

13 12 31

-58

-29

-22

- 2

40

58

46

39

282.

327.

13.

314.

11

28

71

13

- 3

+28

-12

-59

.18

.03

.70

.58

+1

+1

+1

+1

.58

.44

.47

55

+0.

+0.

+0.

.91

.72

.87

+0.72

0.

0.

0.
0.
1.

72

30

17
38
00

0.

0.

0.

n

08

04

02

nc

0

0

0

A

.27

.13

.07

oo

-0.

-0.

-0.

23

31

19

7.

8.

8.

50

58

37

0.20

0.10

0.17



TABLE II (continued)

STAR

GROUP III

V412 CEN

V744 Cen

U Del

V551 Oph

T*Ser

RW Vir

t HD 197753

t
GROUP IV

V Hya

T Ind

AQ Sgr

GROUP V

• Gru

X TrA

Mb

H8III

M5II-III

M2

H5II-III

M5III

»2(C7g)

N(C73)

C5X

S5.7e

5

«Cl

13h

13

20

17

15

12

20

10

21

19

22

15

97()

ss'W

38

44

38

35

05

43

36

18

32

21

11

05

00

59

05

42

45

10

12

39

00

21

$1970

-57C

-49

+17

-27

+15

- 6

+18

-13

-45

-16

-46

-69

'43'

48

57

23

12

36

08

14

09

27

04

58

1

311?68

310.89

62.98

0.76

29.09

283.50

259.95

355.26

22.73

350.28

314.60

b

+ 4?04

+12.17

-15.19

+ 1,71

+49.48

+54.46

+38.07

-44.64

-16.69

-56.15

-10.51

(B-V)

+1.

+1.

+1.
+1.

+1.

i - l .

+1.

+1.

+2.

+2.

+3,

+2
+2

+3

74

57

55
61

82

41

56

,73

.56

.50

.30

.17

.02

.38

(U-B)

+1.
+1.

+1.

+1.
+1.

+1.

+1.

+1.

52
69

39

26
23

01

17

.95

6

0.
0.

0.
1.

0.

0.

0.

0.

0.

0.

0.

0.

0,

V

19
24

76
2

26

07

33

38

22

12

33

.51

.51

rf(B-V)

0.
0.

0.

0.

0.

0.
0.

0.

0.

0

0

0

02
07

19

04

,03

,08
.13

.05

.04

.13

.04

.36

S<

0.
0.

0.

0.
0.

0.

0.

0

20
30

47

19
13

,11

,11

.45

+0.

+0.

+0.

-0.

+0.

!

42

26

10

01

05

V

7.03

6.11

6.45

8.27

6.65
6.25

6.89

8.28

5.65

6.99

5.30

0.5-

0.5+

?

?

?

*?

?

0+

0 0+

0+

?

0+

E(B-V)

0.16

0.09

0.10

0.30

0.06

0.05



TABLE I I ( c o n t i n u e d )

STAR «Cl970 >1970 (B-V) (U-B) $V E(B-V)

GROUP VI

V450 Aql M8 19 32 17° + 5°24' 42?68 - 6 . 8 4 + 1 . 5 7 + 1 . 4 5 0 . 4 8 0 . 0 9 0 . 3 0 + 0 . 3 2 " , „ 0 . 5
6 • 10

1 27 O 32 "1 09 «•*••*
T Cen Koe-M4eII 13 40 02 -33 27 314.80 +28.12 +1.58 +1.62 ' ' '* „ „ +0.48 6.75 0-

6.53

RY lion 07 05 30 - 7 30 221.42 - 0.03

GROUP VII

IW Car Go+Ao
\

•» 0 Cen Gola

AX Sgr G8Ia

09

11

18

26

30

06

11

22

44

-63

-59

-18

30

17

34

282

292

11

.42

.95

.59

- 9

+ 1

+ 0

.24

.88

.72

-0

+1

+2

.32

.01

.03

+0.66

+0.75 0.27

0.14
0.11
0.19

0.18

0.03
0.13
0.20

0.13

+0

+0

.07

.06

0

0

0

: I
I

GROUP VIII

V418 Cen K5

CK Ori

RX Vir

K2III

Ko

14 18 57 -64 06 312.50 - 3.05
+1.74
+1.77

+1.92
+2.02

05 28 45 + 4 11 199.53 -15.92 +1.27 +1.38 0

12 03 12 - 5 36 282.26 +55.22 +1.45 0 . 1 0 0

0

0

0

0

0

0

+0.

-0.

-0.

71

47

94

7

6

8

.10

.15

.73



Section 4

Individual variables: light and colour curves

In this section a condensed description is given of the observed

light and colour curves and sometimes other interesting properties of the

individual stars. The numerical data are summarized in Table II.

Ho reference is made to the original discovery of the star, or

determinations of spectral types and periods.

The stars have already been divided into different groups, the

criteria of the classification will be described in later sections.

The following abbreviations will be used:

LC = light curve; CC = colour curve; ph.r. = phase relation(ship);

a.ph. = anti phase; r.b. = rising branch; d.b. = descending branch.

With anit phase is meant, that the CC has its maximum when the LC Is in

its minimum. Further a "phase difference number" Af is introduced. 4<f= 0

when LC and CC's are in phase, Af - 0,5 when LC and CC are in a.ph.,

&<f = 0 + when LC slightly ahead of CC , and similar diflnitions for

d<J'= 0 -; A<p= 0,5 +; &<f = 0,5 -; df= ? indicates that there is no ph.r.

between LC and CC's.

dy(B-V) and d^f(U-B) refer to the individual colour curves,

4<jf refers to both (B-V) and (U-B).

If there is no certainty about &<f, then a question nark is put

behind the value e.g. &<f = 0,5 + ?

Light and colour curves are shown in Figure 2. In the text only

the last four digits of the Julian Date are given. In order to get the right

JD one has to add 2440000 to the given numbers.
• " >

Group I SRb variables of spectral type M, on the Lower Locus of Red

Variables (LRV)

e_Ags 1970: LC: regular. &<f = 0.5 (Fig. 2.1a)

1971: LC: maximum and minimum are both fainter than in 1970.

Small hump on d.b. close to minimum. The first r.b. rises

very slowly.Af= 0.5 (Fig. 2.1b).



RT Cnc LC: fairly regular. One max., two mln. Observed P ~* 80 . ;

Hump on last d.b. close to min. One max. uncertain.

CC: (B-V) fairly small amplitude. Max. higher for lower light

minimum. j

(U-B) large scatter. Deep minimum during high light

maximum. Af= 0.5 (Fig. 2.2).

V369 Cen 1970: LC: fairly regular, one (broad) rain, and one max. Hump just

after minimum and second d.b.

CC: (U-B) irregular after JD 0780. 4 f = 0.5 (Fig. 2.3a).

1971: LC: regular. Three max., and two min., all of increasing

h e l« h t- P obs ~ 7 ° d -
CC: (U-B) cycles have varying (increasing) amplitude. Strong

activity (mainly in U) around JD 1142. Af= 0.5 (Fig. 2.3b)

EU Del 1970: LC: slightly irregular. Two max., and one min. Small hump on

second r.b. close to min. Some sort of tail or big hump after

second maximum (Cfr. X (Ion). P
obs

— 63d

RUEgl

CC: (U-B) some activity in U at the time of the big hump?

A<f= 0.5 (Fig. 2.4a)

1971: LC: Two min., two max. First min. 0?13 brighter than second

one. Hump near second min. on d.b. The two maxima have been

shifted from preceding the predicted time in 1970 to following

it in 1971.

CC: (B-V) Amplitude of second cycle larger than that of the

first.

(B-V) is bluer for the cycle with the deep light minimum.

(U-B) Amplitude of second cycle larger, &<P= 0.5. Some of the

scatter may be intrinsic.

Eggen (1969) gives an amplitude SV= 0.42 (Fig. 2.4b).

Observations starting at JD 1220 for 1971 and 1972 (following

ours) have been published by Eggen (1973),see section 5.3.

LC: Smooth, perhaps a hump on r.b.

&<f (B-V) = 0.5 (Fig. 2.5).



LC: Three maxima of different heights. P •*• 70 and 80 .

Small hump on last d.b. First d.b. steeper than second one.

CC: (B-V). (iP?) bluer for fainter V.

(U-B) Very shallow minimum at the time of the low light

maximum. &<f = 0.5 (Fig. 2.6).

S Lep LC: Fairly regular. Flat d.b., min., secondary max. (well

developed hump), maximum.

CC: (B-V) Irregular wave. 4.^*(B-V) = 0.5? Small bump in a.ph

with the secondary max. d^(U-B) = 0.5?

Serkovski (1966) has found large intrinsic lineair polarization

for S Lep (Pig. 2.7).

RX Lep LC: Smooth, one minimum and one maximum, followed by a lower

minimum and a higher maximum.

CC: Smooth, Af = 0.5, there appears to be a correlation between

the amplitudes of LC and CC's.

RX Lep has been reclassified SRb, the criteria for the

classification will be given in the next sections (See Oravec,

1956). (Pig. 2.8).

X Mon LC: Irregular. One min. and max. Humps on r.b. and d.b. close

to the minimum. After the maximum some sort of tail with small

bump (cfr EU Del).

CC: (B-V) Irregular, a ̂ (B-V) = 0?. but a small dip is present

at the time of the high maximum. A hump (or small maximum) is

present at the time of the primary minimum.

(U-B) Irregular. A steep maximum is observed during the

deep minimum, and a broad maximum at the time of the tail.

At the time of the maximum a hump has probably been observed.

Note that X Mon is an emissionline object.' So it can not very

well be compared with the other members of group I, and probably

does not belong to this group at all! (Fig. 2.9).

• * * • '



VS23 Hon LC: Regular. Four cycles of varying amplitude and shape have

been observed. Periods around 35 days.

CC: &<f= 0.5. Irregular (U-B) in the last cycle. (Fig. 2.10).

V533 Ogh LC: Smooth and symmetrical. Next minimum going to be deeper

than the observed one.

The period of 32 , given in the fiCVS is not in agreement with

the present observations. A<f= 0.5 (Fig. 2.11).

UW Peg 1970: LC: Fairly regular. P ."•"' 60 . Second maximum narrower and
—«•—•»»— obs

fainter than first one.

AfCB-V) =0.5 (Fig. 2.12a).

1971: LC: Only a few observations on d.b. Fainter than in 1970

(Fig. 2.12b).

UX Sgr 1970: LC: Regular. Broad minimum followed by two short cycles with

small amplitude. T . ~ 50d, T „ ~ 40d.
min max

CC: (B-V): 4^(B-V) =0.5 (Fig. 2.13a).

1971: LC: Both maximum are fainter than in 1970. Small dip just

after the second maximum.

CC: (B-V) slightly bluer than in 1970.

(U-B) large scatter. 4<f= 0.5 (Fig. 2.13b).

AX Sco LC: One maximum. Big hump on r.b.

CC: A4*(B-V) = 0.5. Large scatter in (U-B) because of very

red comparison star (Fig. 2.14).

Variables on the Upper LRV (see section 5) i
j

RR Car LC: Smooth; varying amplitude and cycle length. GCVS period

and epoch not to be trusted. Maximum brighter than in 1970.

(Paper I). ^

CC: (B-V) Bluer than in 1970. 44>(B-V) = ?; 44?(B-V) = 0+?; |

djf>(U-B) =0.5? j
RR Car is perhaps an Lb instead of an SRb variable. (Fig. 2.15). f

i
Cells (1975) found RR Car to show very irregular characteristics *•
in its light variation. 1

i

!|



Y Cen 1970: LC: Hump on d.b. close to minimum.

CC: <B-V) : 4 if (B-V) ~ 0?

(U-B) Large scatter, df'dJ-B) = 0.5

(Fig. 2.16a).

1971: LC: Looks like the d.b. of a superimposed longterm variation.

Small hump on second d.b. One maximum.

CC: Same behaviour as in 1970.

(U-B) much bluer towards the deep light minimum.

(Fig. 2.16b).

SU Sgr 1970: LC: Smooth (?). Hump on second d.b. close to maximum.

Pob 8~
6° d-

Amplitudes of the two cycles are equal. Is the first maximum real?

CC: (B-V) almost constant. 4?(B-V) = ?

(U-B) Large scatter. Af= 0.5?

(Fig. 2.17a).

1971: LC: The two observed maxima are both at least 0.1 brighter

than those of 1970. The observed minimum is fainter.

The minimum between the two maxima is very shallow, with two

humps.

CC: Same as 1970 (Fig. 2.17b).

SW Vir LC: Smooth, very large amplitude. Three interfering humps

just before minimum. Brighter than in 1970.

CC: &f = 0.5. Is the large scatter in (U-B) around JD 1030

real? (See Paper I).

(Fig. 2.18).

Group II Lb variables of spectral type M

V412 Cen 1970: LC: One minimum and one maximum (?). Some humps, close to the

minimum.

CC: (B-V) almost constant, becoming slightly redder.4^(B-V) = ?

(U-B). Large scatter. d^>(U-B) = 0.S-.

(Fig. 2.19a).



1971: LC: Note the broad second maximum. The minimum is 0.1 brighter

than the 1970 one. Humps close to the minimum.

CC: (B-V) Irregular. 4tf(B-V) = ? or 0.5-? ?

(U-B) Large amplitude. 4 ^ ( U

(B-V)
max

= 0.S-, but (U-B) ahead of !'

Both (B-V) and (U-B) are redder than in 1970. (Fig. 2.19b).

V744 Cen 1970: LC: Not very regular. Two maxima, one shallow minimum and a

d.b. going to a deep minimum. Small hump just after shallow

minimum.

CC: (B-V) Almost constant. & f(B-V) = 0.5 ?

(U-B) The amplitude is correlated with the amplitude of the

LC. 4{P(U-B) = 0.5+ (Fig. 2.20a).

1971: LC: Smooth, bright maximum, very large amplitude. Three

consecutive humps on second r.b. The high maximum is about 0?4

brighter than in 1970.

CC: (B-V) Large amplitude at the time of the deep minimum

and the high maximum. 4^(B~V) = 0.5+

(U-B) Very large amplitude. For (U-B) 4ttU-B) = 0.5+

but closer to 0.5 than <*f(B-V) •

For (U-B) m l n AffOJ-B) = 0.5+, but in this case <JO>(B-V) is

closer to 0.5.' (Fig. 2.20b).

Apparently there is a correlation between the amplitudes of the LC

and CC's. V744 Cen cannot very well be compared with the other stars

in the survey because it is together with V450 Aql the only ona of

spectral type 118, and the TiO bands are very strong indeed.

Knipe (1963) gives an amplitude 5V = 0.90; £ v = 1.10 was found by

Eggen (1969).

U Del 1970: LC: A minimum is followed by oscillations of small amplitude.

CC: (B-V) Small amplitude. A<f(B-\) = 0.5 ?

(U-B) Irregular. J^(U-B) = 0.5 ? during deep light rcinimuie.

(Fig. 2.21a).

•4'



1971: LC: Now a maximum is followed by oscillations of small

amplitude (cfr. SU Sgr). U Del is fainter than in 1970.

CC: (B-V). Small amplitude. 4f(B-V) = 0.5 ? (B-V) has a

smaller amplitude and is redder than in 1970. Note that

usually (B-V) is bluer when the star is fainter.

(U-B). df(U-B) = 0.5 ? slightly bluer than in 1970 ?

(Fig. 2.21b).

Note that the CC behave is a rather irregular way, and that there

is certainly no clear ph.r. between LC and CC's. Mass loss has been

observed (Deutsch, 1960).

V551 Ogh 1970: LC: Irregular variations of very small amplitude and short

period. P *•' 15 .

CC: (B-V). Almost constant. d<f(B-V) = ? (Fig. 2.22a).

1971: The same as in 1970 (Fig. 2.22b).

Ser 1970: LC: Irregular variations.

CC: (B-V) Flar amplitude. 44VB-V) = 0 ?

(U-B) Too much scatter. (Fig. 2.23a).

1971: LC: Same behaviour as in 1970, but the whole light curve is

brighter than the brightest point in 1970!

CC: (B-V). AfiB-V) = ?. (B-V) is not redder or bluer than in

1970, although the star is much brighter.

(U-B). 4<ftV-B) = 0? (Fig. 2.23b).

Time dependent polarization has been found by Dijck and Jennings (1971).

RW Vir LC: Minor oscillations superimposed on the fairly smooth main

light variation. Brighter than in 1970. (Paper I).

CC: (B-V). Almost straight line, (B-V) becoming about 0?07

redder over the observed part of the LC. 4^(B-V) - ?

(U-B) Irregular wave. &f(V-B) = 0.5 ? (Fig. 2.24).

HD 197753 LC: Irregular wave. On the average fainter than in 1970.

CC: (B-V) Small amplitude, little bit redder than in 1970 ('.)

(cfr. U Del). 4<p(B-V) = ? See Wisse (1971a). (Fig. 2.25).



Group III SRb variables of spectral types C, R, N, S.

U_Hya LC: Smooth, one minimum and two (?) maxima. Much fainter than

in 1970. (Paper I).

CC: (B-V) Smooth. J/(B-V) = 0. (Fig. 2.26).

T_Ind 1970: LC: Irregular. Only a maximum has been observed.

Are rapid fluctuations present?

CC: (B-V): &^ (B-V) = 0. (Fig. 2.27a). ;

1971: LC: Fairly smooth, fainter than in 1970.

CC: (B-V). Redder than in 1970. 4f(B-V) = 0 (Fig. 2.27b)

69_§i L C : O n l v a minimum has been observed. 4^(B-V) = 0+. (Fig. 2.28)

Group IV Lb variables of spectral types S, B, N, C.

It Gru 1970: LC: One minimum. Small hump on r.b.?

CC: (B-V). Very small amplitude. />^(B-V) = ?

(U-B). Large scatter, but clearly becoming redder over the

whole observed part of the LC. (Fig. 2.29a).

1971: LC: One broad minimum, and a very big hump, just before the

minimum.

CC: (B-V). Amplitude larger than In 1970. O?1S bluer than in

1970. A^(B-V) = ? (Fig. 2.29b).

X_TrA 1970: LC: Very smooth with a small hump just before the very broad

minimum.

CC: (B-V). Smooth. Large amplitude. 4<p(B-V) = 0+. (Fig. 2.30a).

1971: Same as in 1970, only the (B-V) is slightly redder. (Fig. 2.30b).

X TrA shows the same characteristics as the stars of group III.

Group V SRa variables

V450_Aql Note. The scatter arises from the fact that the observations had

to be reduced to another comparison star, because the original one

proved to be variable. (Wisse and Wisse 1972d).

1970: LC: Fairly regular. Small hump near minimum?

CC: (B-V) Fair amplitude. A 4*(B-V) = 0.5 (Fig. 2.31a).



1971: LC: Fairly regular. Both maxima and minima brighter than in

1970. ,;

CCt (B-V) Regular.

<U-B) Large scatter, a <f = 0.5. (Fig. 2.31b).

In 1971 the observed times of maxima are close to the predictions.

This was not the case in 1970. V450 Aql shows much resemblance to '

the stars of group I. Possibly it is indeed an SRb variable.

T Cen 1970: LC: Smooth, large amplitude. Two shoulders, before and :

after the first maximum. The amplitude of the second cycle

is much larger than that of the first one'. :

CC: (B-V) Large amplitude. ;

(U-B) Very large amplitude. d<f = 0-. (Fig. 2.32a).

1971: LC: Smooth, small hump on second r.b. just before maximum.

The amplitude is larger than in 1970, primarily because of

the deeper minima. Both maximum and minimum of the second

cycle are brighter than the ones of the first cycle.

CC: Same as in 1970. (Fig. 2.32b).

Note that the 1971 light minima are deeper than in 1970, but

that the CC minima are brighter. The behaviour of the CC may !

partly be explained by the fact that T Cen is an emission line i

star. It is often considered as being a short period Mira variable j

(e.g. Feast 1963). ;

RY Mon LC: Only a very broad minimum has been observed. RY Mon is

extremely red! (Fig. 2.33).

']
Group VI SRd variables : j

IW Car LC: Fairly smooth, two minima and three maxima of increasing •;

height. Humps occur in every cycle. The first maximum is '•',.

fainter than the one observed in 1970. (Paper I). .{

CC: (B-V) Fair amplitude. Bluest at highest maximum. ?\

(U-B) Fair amplitude. 4<P= 0 (Fig. 2.34). lJ

The colours become bluer and the amplitude of the CC tend to become f.j

larger when the light maxima become brighter. The colours are bluer :]

than in 1970. (See also section 6). !<



o Cen

AX Sgr

1970: LC: One maximum. Possibly small oscillations present.

CC: (U-B) has a large scatter. Af= 0. (Fig. 2.35a).

1971: LC: One minimum and one maximum. Small oscillations are

present. The maximum i3 brighter than in 1970.

CC: A<f= 0. Small oscillations probably present in (B-V).

(Fig. 2.35b).

The colours are bluer for a brighter maximum (cfr. IW Car).

V=5.10, B-V = 1.11, from the photometric catalogue by Blanco et

al. (1968). See also Humphreys et al. (1971).

LC: It is not quite clear whether maxima or minima have been

observed or not, since extrapolation of the light curve cannot

be done with certainty.

CC: 44>(B-V) = 0. (Fig. 2.36).

AX Sgr is heavily reddened.

Humphreys (1970) gives V = 7.40, B-V = 2.03.

We thank Dr. M. Feast who drew our attention to this star.

See also Humphreys et al. (1971).

Fernie (1975) found hardly any variation in light, which is not

surprising, since his observations were close together in time and

brightness varies extremely slowly.

Miscellaneous

Six more variables have been observed, three of which have been reported to be

constant in light in an earlier paper (Wisse and Wisse, 1971 c). They are

V418 Centaurl, CK Orionis and RX Virginis. All three have spectral type K.

RX Vir has a very large ultraviolet excess. V418 Cen shows constant light,

but (B-V) was In 1971 slightly redder (about 0?03) and (U-B) was in 1971

about 0?l redder than in 1970. This might indicate that there still was some

activity in the blue part of the spectrum. Unfortunately RX Vir and CK Ori

have been observed in 1971 only. (Figs. 2.37, 2.38, 2.39).

The other three variables are Z Eri, RR Eri and T Cet. They all belong to

group I. All three have A<f= 0.5.

Unfortunately it has not been possible to transform the natural magnitude and

colours of the comparison stars to the UBV system because of a long cloudy spell.

Eggen (1969) gives an amplitude V = 0?39 for Z Eri. Dijck and Jennings (1971)

found intrinsic polarization for this star.
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Section 5

General properties of the variation in light and colour.

In this section we will derive from the observations some general

properties. We define the following parameters:

a) Mean light V and mean colours (B-V) and (U-B). They have been computed

by taking the average of the highest and lowest minima and maxima observed.

b) The amplitudes in light and colour fV, £(B-V), f(U-B).

c) The phase difference number 4 ^ , to be discussed in section 6.

d) The parameter Q, defined by:

Q = (IM3) - 0.72 (i^V) (2)

Q is supposed to be free of interstellar reddening, and will be discussed

in section 7.

5.1 Two colour diagrams; reddening.

Three two-colour diagrams have been constructed (Figs. 3, 4, 5).

Figure 3 shows the variables, plotted according to their type of variability

(GCVS types). No correction for reddening were applied. The intrinsic main

and giant sequences were taken from Landolt-Bornstein (1965). Two KV Tauri

variables have been included in the diagram (U Mon and R Set), mainly for

comparison. They have been discussed in a separate paper (Wiase and Wisse,

1973). Two positions are given for R Scuti, for in 1970 this variable was

much bluer than in 1971. A thin, dashed arrow connects the two points.

Du Puy (1973) has published photoelectric observations of a number of RV

Tauri stars.

In Figure 4 the variables are plotted according to their galactic latitude.

The direction of the reddening line is indicated.

One may have some doubt about the slope of the reddening line

for the red giants.

Schmidt-Kaler (1961) gives a theoretical value Y = 0.70 for an M 1.5 giant,

but he points out that this value for V may not be very accurate. From

observations of super-giants Schmidt-Kaler derived somewhat higher values

for Y, but the mean errors are quite large, so the final result is very

uncertain.



12 \3 U 15 16 17IB-V),,

Tig. 5 The tun aclowi diagram.
Thz obieAvatlom have, bz&n
&oi inteuteZlaA. Kzddenlng. The dnavon
veAtical tine give* Lee'& (1910) lelcutlon
{fin. \k-typz glanti. The dcak&d tine -cs
the iLztatlon ion. lab iupeJiglanti.



• * '

Buser (1978) derives a value Y = 0,9 for M5 III giants from artificial

colours.

We have adopted the value Y = 0.72. Glass and Feast (1973) used a value

Y = 1.0, but whatever value one chooses, it will not make very much

difference for the present results.

From Figure 5 it will be clear, that we do not have to expect aeavy

reddening for the stars in our sample. If we exclude UW Pegasi, we have

a lower limit V = 8.50 to the mean brightness. Taking M^ = -1 (Joy, 1942;

Wilson, 1942; this paper, appendix) we find that, in the absence of

interstellar absorption, all variables lie within a distance of 800 pc.

Furthermore: as may also be seen from Figure 1, many stars are at high

galactic latitudes. The variables with /b/ < 10° will be reddened, but

V450 Aquilae is intrinsically red, and other variables, like V523

Monocerotis or V412 Centauri, are quite bright and consequently close to

the sun.

We have made a rough estimate of the colour excess, E (B-V), for the M-type

stars, using the following relations:

E(U-B) _ „ „„. Av
M -i; E(B-V)

0.72;
E(B-V)

= 3

A =0.14 cosec/b/ ( 1- expf-0.01 r sin/b/J ]
(3)

Buser (1978) found a value R = 3,5 for the ratio total to selective

absorption.

We should keep in mind that the interstellar absorption model (see for

instance Clayton and Feast, 1969) is not very reliable for /b/ < 10°;

however, in the present sample we have only a few stars for which /b/ < 10 ,

The computed values for E(B-V) have been included in Table II.

Figure 5 shows the two colour diagram for the intrinsic colours (B-V)oand

(U-B) . The overall appearance of the diagram, as compared with Fig. 4,

has not changed very much. (The vertical line gives the relation found by

Lee (1970) for population I giants of late spectral types. We will discuss

this relation in section 5.3).

Since we do not want to draw any conclusions on individual variables, we

will use Figure 3 as the starting point of our discussion. The results will

not be affected by our neglect of the reddening. Johnson (1966) showed, that

reddening can be neglected for M III giants.

l' "•'•
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It is easy to see from Figure 3, that the SRb and Lb variables

of spectral type M define a narrow strip in the two-colour plane, parallel

to the giant sequence, and about O.S brighter in (U-B). In fact we compare

M-type giants with K-type giants, so the ultraviolet excesses of the M-type

variables are actually quite large.

Four variables have even brighter (U-B) than the stars of the above mentioned

strip: RR Carinae, Y Centauri, SW Virginia and SU Sagittarii. These stars

all show irregular light curves of strongly varying amplitude. They somtines

have no "normal" phase lag (i.e. A<f = 0.5, see sections 4 and 6) between

light and colour variations and they sometimes show large scatter in (U-B).

It was first believed that a definite gap existed between the two gourps,

but this point of view had to be altered slightly (or perhaps fundamentally).

The stars V418 Centauri and CK Orlonis, which showed constant ligfct

during the period of observation, lie on the right place in the two colour

diagram, according to their spectral types. This is evidently not the case

for the third "constant variable" RX Virginis; this star has a very large

ultraviolet excess.

5.2 On the amplitudes of the variation in light and colour.

The figures 6, 7, 8 show the relation between (B-V) and the

amplitudes &V, £(B-V) and S(U-B) for the SRa, SRb and Lb variables. (The

abcissa (B-V) was chosen arbitrarily). We do not consider any long tern

variations, but we look only at individual cycles.

The diagrams do not all show the same number of symbols, because sometimes

the Jv was quite large, for instance in the case of T Centauri, but primarily

because a number of stars were too faint or too red to have had their (U-B)'s

or even (B-V)'s measured.

Figure 6 shows tbe various values ofSv. Apparently most variables have

JV < 0?S. Exceptions are V744 Centauri, SW Virginis and RR Carinae (see 5,1),

X Monocerotis and T Centauri (they have emission-line spectra).

All M -type Lb variables have Sv < 0.4; the only exception is RX Leporis

(see section 6).

~S"7~
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The (B-V) amplitudes have been plotted in Figure 7. It is obvious, that the

£(B-V)'s are small for the SRb and Lb variables. Normally £(B-V) < 0?12,

with the exception of T Centauri, X Monooerotis and V744 Centauri, and the

carbon stars T Indi and X Trianguli Australis.

The Lb variables of spectral type M all Iiave (with the exception of V744

Centauri, "C Serpentis and BX Leporis) tf(B-V) < 0?04.

The three variables in the lower left hand corner are Y Centauri, SU

Sagittarii (section 5.1) and EU Delphini.

Note that for the carbon stars tf(B-V) increases for redder (B-V).

Figure 8 shows a plot of tf(U-B) vs (B-V). For all stars, for which (U-B)

could be determined, we find £(U-B) < 0?3.

Exceptions are T Centauri, X Honocerotis, V744 Centauri and flGruis. No

clear distinction seems to exist between the SRb and the Lb variables.

It will be noticed that, for a specified variable, always £(U-B) > S (B-V).

Two plots have been made to show the relation between the amplitudes

themselves.

The diagram S V vs £(B-V) is shown in Figure 9. There seems to be some

correlation between the two parameters. The variables SW Virginis,
4 1

X Trianguli Australis, f Serpentis, EU Delpini and o Centauri (SRd)

definitely do not obey the relation. All Lb variables lie in the lower

lefthand corner of the diagram (except of course V744 Centauri).

From Figure 10 it may be found that there exists, at least for the SRb

stars, some correlation between $V and £(U-B). Off the line fall V412

Centauri, V450 Aquilae, V369 Centauri and SW Virginia.

One may have noticed that nearly always the same stars are the

exceptions to the rule. They are, for instance, the emission line stars

T Centauri and X Monocerotis, carbon stars like X Trianguli Australis, the

four stars especially mentioned in section 5.1 and the variable V744 Centauri

(M8 III). See also section 6.

5.3 The M-type variable stp'9.

In section 5.1 we have given a general description of two colour

diagrams. In the present section we will look at these diagrams in some more

detail, also in connection with other observations. We will restrict ourselves

to the variables of spectral type M, without emission features.

~S9~
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: From Figure 3 we found that, if we took into consideration only our own

observations, there was a gap in the distribution of the M-type variables

; in the two colour plane (see also Fig. 5). Only EU Delphini was found in

; the gap.

; Or, a second possibility, did EU Delphini lie on a relation as indicated
i

: by the dashed line in Figure 3, connecting the regime of the red variables

;, with the one of the yellow semiregular variable stars?

i The remarkable behaviour of EU Delphini, resembling the stars above the gap

| as well as below it in light and colour variation, (see Eggen (1973) Fig. 25)

• suggests yet another possibility. Perhaps the gap is only the result of a

i selection effect, and there exists a transition zone, of which EU Delphini
i'

- is a member. In order to solve this problem we have plotted in one diagram
tt '

< our observations and the data given by Wing (1967) (Figure 11). It must be

emphasized that an uncertainty may have been introduced, since Wing's data

; are the means of small numbers of observations, with sometimes large

i, spacings in time. This will not make much difference for the (B-V) values,

; since the (B-V) amplitudes are rather small, but the (U-B) may be influenced,

:; as the S (U-B) is larger than the S (B-V).

We can see from Figure 11, that the relation (B-V) vs (U-B) runs almost

:: vertical with (B^V) ̂  1.64 for (U^B) > 1.25, bends slightly towards bluer

; (B-V), and bends towards redder (B-V) at (U-B)—1.00.

| We are inclined to adopt the third possibility stated above, and to define

; a regime in the two colour plane which we shall call the Locus of Red

Variables (herein after refered to as LRV). We will call the part of the

j. LRV for which (IMS) > + 1.00 the Lower part of the LRV (LLRV) and the

'• remaning section ( (U-B) 1.00) the Upper part of the LRV (ULRV). This may

• be done since it was found in section 5.1 that the photometric behaviour

,; of the stars above and below the gap was substantially different.

|, Hoewever, one would like to know, if the stars which according to Wing's

• list, fall on the ULRV, show the same photometric behaviour as our variables.

; Smak (1964) observed only one possible member of the ULRV (CX Herculis),
i

.' but this lightcurve is based on five observations only, so no evidence could

be obtained on this star. Eggen's (1973) list contains two ULRV-stars,

; RDoradus and RS Delphini, which are believed to show the same characteristics

> as our variables. t
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The data given by Class and Feast (1973) suggest that the red variables

' from 47 Tucanae and APCentauri also fall on the LRV (see their Figure 7).

The vertical line in the Figures 5 and 11 represents the relation for

population I giants, as given by Lee (1970). It will be seen easily, that

the variable giants do not obey this relation. In Figure 5 all stars fall

to the left of the line; the variables are apparently much bluer.

Also, the spectral types, as indicated by Lee, do not agree with the spectral

types of the stars in our sample.

The spectral type of an M-type variable does not seem to define uniquely

the position of the star in the two colour plane (Sraak (1964) has adopted

a relation between (U-B) and spectral type).

Furthermore it is not certain if all the variables belong to one population,

presumably they form a more or less mixed population.

Finally we will compere some observational data on the variables

which Eggen (1973) and the present paper have in common.

First of all it should be noticed that Eggens's lightcurves are based on

far fewer observations than ours. As may be seen front our light curves, the

M-type variables show many more details and small scale fluctuations in

their light variation as is suggested by Eggen's hand drawn curves. We have

drawn our light curve of V523 Monocerotis together with the one by Eggen

in Figure 12.

The dashed line is the light curve as given by Eggen. The differences are

very conspicuous. We also compared the light curves of AK Hydrae. It appeared

that Eggen missed two maxima: one at JD 0980-1015 and a second one at

JD 1060-1084. (It was not easy to combine both light curves in one figure,

for neither variable.)

In Table IV we compare the colours of the variables Eggen has in common

with the present observations. It must be emphasized that the averages

were obtained in a different way, which may partly explain the differences.

Table IV

V523 Mon

AK Hya

V369 Cen

V450 Aql

EU Del

UW Peg

B-V

1.60

1.57

1.70

1.68

1.48

1.70

Eggen

U-B

1.52

1.12

1.45

1.50

1.00

1.26

E(B-V)

0.10

0.02

0.06

0.06

0.05

0.04

-63-

B-V

1.56

1.50

1.65

1.57

1.35

1.64

present paper

U-B

1.63

1.17

1.47

1.45

0.96

1.38

E(U-B)

0.17

0.10

0.20

0.11

0.09

0.07
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Eggen's colour excesses are systematically smaller than ours. Eggen

determined the E(B-V)'s from nearby early type stars, our method had been

described in section 5.1.

From this comparison we can draw the conclusion, that the light variations

of the aemiregular variables are really much more comlicated than one would

think, if only a few observations, distributed over a long time, are

available.

For completeness we also give a comparison between the stars

appearing in both our and Wing's lists (Table V).

Table V

V450 Aql

U Del

EU Del

X Ser

SW Vir

Wing (1967)

B-V

1.66

1.65

1.42

1.37

1.63

U-B

1.52

1.30

1.05

0.99

0.71

Present

B-V

1.57

1.58

1.35

1.41

1.55

paper

U-B

1.45

1.25

0.97

1.01

0.72

We think, the rather small differences justify the composite diagram,

given in Figure 11.



r Section 6

Summary of the observed parameters, and an attempt to classify the red

variables.

Let us first summarize the results of sections 4 and 5 and see

if we can give an answer to the five problems, specified in section 2.

We will only give the general results to start with.

1) Periodicity. As we expected, it has been found that one cannot trust

the predictions at all. If a maximum came at the predicted time, or if

an observed period came out right, it must have been a chance hit.

Perhaps the mean period, taken over many cycles, will have any meaning,

but it remains doubtful. We will discuss this problem in section 8;for

classification purposes the period is of no use.

2) Amplitudes. The amplitude of the light variation S V is usually small:

SV< 0?6. This is true for the M-type variables as well as for the carbon

stars. We can see however that the M-type Lb variables have SV < 0.4, so

this is a first indication of a (photometric) difference between the

M-type SRb and Lb variables.

The amplitude <5"(B-V) < 0?12 for the M-type variables. The Lb stars

of spectral type M all have <f(B-V) < 0.04, so the same conclusion holds

as in case of Sv.

For the third amplitude we find <$"(U-B) < 0?3. Of course these

results may be influenced by selection effects. There is no clear

distrinction between the different groups. Always <T(U-B) > <J(B-V) '.

The Sv and <f(B-V) may serve as additional classification parameters,

since they do not uniquely separate the different classes.

3) Shape of the lightcurves. Inspection of Figures 2 will make it clear at

once that not one cycle repeats itself. The lightcurves vary greatly in

shape and often in amplitude from one cycle to the other. Humps and

shoulders are present in all types of variables. They appear at all phases,

but preferably close to the minimum, before as well as after (e.g.

V412 Cen). The occurence of those unpredictable minor irregularities

apperently is a common phenomenon in all red variable stars.

4) Behaviour of the colour curves. This turned out to be very important.

From section 4 and Table II we see that a number of stars have A*P= 0.5,

while the others have not. This means that there exists a class of

variables which are bluest in both (B-V) and (U-B) at minimum light.
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. We can see that, in the case of M-ginnt, if 6^= ?, then usually

I £(B-V) is very small. The quantity i»^raay serve very well as a

\ . classification parameter.

' 5) Mean colours and loops in the two colour plane. In the (U-B) - (B-V)

i plane the red variables define a curved strip vhich we have called the

| LRV (Locus of Bed Variables). The LLRV lies about 0?5 above the type K

giant sequence.

\ What we have found under (4) can be made even clearer if we follow the

j paths of the red variables in the (U-B) vs (B-V) plane (Fig. 13). We

i observe that we have one class of variables for which the loops are very

' narrow and run parallel to the LLRV (e.g. iJ'Aps). In this case the bluest

point in the two colour plane occurs at minimum light and the reddest

point at maximum light.

For the other variables the loops are shorter and wider (U Del, SW Vir).

The ULRV stars with redder (B-V) (SW Vir, RR Car) apparently have a larger

£(U-B) (Fig. 14).

The loops in the (U-B) - (B-V) plane can evidently be used to distinguish

between various classes of red variables, especially for those of spectral

type M.

We are now able to make a more detailed classification for at least

part of the red variables, which is based on the following observational data.

a) Spectral type. This will be used to distinguish between M type stars and

carbon stars, stars with and without emission lines, giants and supergiantp.

b) Mean colours. They will separate the Upper LRV from the Lower LRV.

c) A<f. The phase difference numer divides the M-type variables on the LBV in

two groups.

d) Loops in the two colour plane. Same as b and c.

e ) £ V and £ (B-V). They may serve as an additional support to a classification

based on the foregoing characteristics.

So finally we may tentatively define the following classification scheme for

the giant red variables.

Croup I LLRV: Spectral type M; &<9= 0.5; long and narrow loops

in the two-colour plane (SRb in the GCVS)



Group II Spectral type M; A<f'= ?; short, irregular loops in

the two-colour plane; small SV and iJ"(B-V). (Lb in

GCVS). '•

Groups III & IV Carbon stars; 4 ^ * C ;

The next two groups are not really newly defined, as we did not have enough

observations to distinguish possible members. ,

Group V (SRa in the GCVS)

With respect to this group we have to make the i

following remarks: unfortunately we had only three [

SBa variables on our programme, and all three had a ;

quite different spectral types, so we can not say

very much about this type of variables.

RY Mon will most probably belong to groups IV or V, and ,

T Cen is sometimes regarded as a short period Mira

variable (Feast, 1963).

The M-type SRa variables will possibly form a separate

group, but the differences with groups I and II will

yet have to be established.

Group VI (SBd in the GCVS) >

As has been discussed earlier, the super giants are

distinguished from the giants on the basis of their

spectra. In the GCVS one has the SRc variables (not :

one in the present survey) and the SRd stars (yellow '

supergiants), three of which have been observed.

They have in common the property A<P= 0. ;

It must be emphasized that the proposed scheme is based on UBV measurements only 4

The entire picture might change if other types of observations are included. ,j

Next we have to make a few remarks on some individual stars.

RX Lep has been classified Lb in the GCVS, but it clearly belongs to Group I

(see also Fig. 13). In section 4 RX Lep has already been included in this

group.

V744 Cen (Lb) has been included in Group II, but it clearly is an exceptional

case, with very large amplitudes, irregular light variations and A y = 0.5+.

It also has a very late type spectrum : M 8 III.

V4S0 Aql (SRa) is probably a member of Group I. Although the spectral type

(M8) and colours are the same as those of V744 Cen, the photometric behaviour

of the two stars is quite different.



EU Del shows some of the characteristics of the ULRV stars.

IW Car has been included in Group IV (SRd) because of its having 4f= 0.

It was classified RVb in the GCVS, but we do not believe it to be an RV

Tauri star, since apparently no emission lines are present ( 4 ^ = 0) (See

also: Preston et al. (1963), Du Puy (1973), from which we find A<f= 0.5+

for the RV Tau stars).

In the case of the carbon stars there is apparently not ouch difference

between the SRb and the Lb variables. Perhaps they are only different with

respect to their spectral types (C, N, R, S).

"63'
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Section 7

Discussion

It has become clear from the previous sections, that the behaviour

of the colours (B-V) and (U-B) play an important part in the discussion of

the M-type variables. We have seen that, in the two colour-plane, the LRV

shows a turn-off at (U-B)m 1.0. There are some arguments which may support

our belief in the reality of this turn-off.

In Figures IS and 16 the parameter Q has been plotted versus (B-V) and (U-B).

The values derived from Wing's (1967) list have been included in both diagrams.

It will be noticed that the Q vs (B-V) diagram shows a turn-off at Q ~0.0.

The scatter in (B-V) is quite large. The relation Q vs (U-B) is beautifully

linear, with only a small scatter. There, possibly, Is a slight bending at

very blue Q's. The whole LRV has been transformed into one straight line.

Wing's stars follow the relation very closely.

We have also examined the relation between Q and the intrinsic (U-B)o, as

derived with the aid of Eqs. 2. We found a strip, with the same scatter and

exactly the same slope, as compared with Fig. 16, but with a difference of

0.07 in (U-B). The slopes have been deteralned from a least-squares solution.

Wing (1967) gives relations between the inverse temperature 8 and the colour

indices (his Figures 12 and 13). For spectral types later than M2 we Bee

again a curve (B-V) vs 6 relation, and a straight line for (U-B) vs 8.

The turn-off of the (B-V) diagrams always seems to occur at (B-V) ̂ + 1.5.

It is probably not possible at the present moment to give an explanation

for the existence of the LRV in the form given in the two colour diagram,

or, to put the question in an other form: "Why does the (B-V) become redder

again, if (U-B) is bluer than, say, + 1.00?"

Since we have no detailed knowledge on the atmospheres of late-type stars,

we can only give some general arguments. It has been stated by various

authors (Smak 1964, Wing 1967) that any variation in the concentration of

TiO will heaviley influence the (B-V) and also the (U-B) colour indices.

A reduction in temperature for instance will make both (B-V) and (U-B)

redder, but will also make the absorption bands of TiO stronger, and

consequently both (U-B) adn (B-V) bluer, since TiO absorpstion is stronger

in V than in B, and absent in U. The temperature effect and the TiO effect

work in opposite directions.

51



We have to emphasize here, that one must make a distinction

between stars with and stars without emission lines.

The behaviour of the colour curves is usually different (cfx. T Centauri,

X Monocerotis, the HV Tauri variables), because of the influence of hydrogen

emission lines present at various phases of the light variation.

We also have the impression that variables with emission lines show a greater

regularity in their light variation than those without, for instance Mira

variables vs SRc stars, RV Tauri vs SRd variables.

It does not seem to be clear why within virtually one group some stars do

show emission lines, while others do not.

It will also have been noticed, that the carbon stars have much redder

colours than the M-type variables, although they have more or less the same

temperature. Also they have 4^*= 0, compared with &<f- 0.5 for the group I

stars.

TiO is absent in the carbon stars, but seems to be more abundant in the stars

of group I (LLRV) than in the stars of group II (LLRV) as judged from

and the amplitudes. The abundance ratio c/o is very important in this respect

(see e.g. Tsuji, 1978, Edmunds, 1978).

The TiO effect also seems to be stronger for the ULRV-variables. The reasons

for this behaviour is not yet clear.

One could thick of population differences, for instance differences \n chemical

composition.

If metals become more abundant, this must have an effect on the U-magnitud.3,

since in the ultraviolet part of the spectrum numerous metallic absorption

lines are present. Tsuji (op.cit.) argued, that the metallic lines will not

have very much influence on the molecular band-opacity at longer wave lengths,

so the (U-B) will tend to become redder.

It remains to be seen, wether this effect is large enough to explain the

difference in (U-B) along the LRV, also because the stars in our sample are i!

not very different in spectral type. ''•
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Section 8

On the periodicity of the red variables

8.1 INTRODUCTION

It is well known that the variations in brightness of the giant

red variables are not regular at all. There are continuous changes in period

as well as in shape and amplitude of the light curves, which makes it

impossible to predict maxima with a reasonable accuracy.

(See papers by the Gaposchkins in various volumes of the Harvard Annals, and

this paper).

It seems that the variation in brightness isn't really periodic, which leads

us to the suspicion, that the variations might be the result of stochastic

rather than harmonic processes, or that possibly present regular variations

are masked by strong non-harmonic (random) phenomena.

In the present section we investigate this possibility and we will compare

artificial light curves with real ones.

Other investigations have been made or suggested by Ashbrook et al. (1954)

and Deeming (1970), who gives a nice comprehensive review of the underlying

ideas. Following their suggestions we will apply autoregressive processes

to generate the model light curves. The theory has also been given to some

extent by Jenkins and Watts (1968, J.W.).

We will combine the symbols used by Deeming and J.W.

8.2 SUMMARY OF THE THEORY; MODELS

The continuous second order autoregressive process is defined by

the equation

T 2 |-§ + S ~ + x = z(t) (Eq. 1)

z(t) is a random force function. The natural period of the system in the

absence of damping (S = 0) is 2 T.

Critical damping occurs if S = 2T, which will appear to be an important

condition.
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The discrete version of Eq. 1 has been given by Deeming:

XL S —: ' *£ £g .2

Write

oC, s -x-j - < * , =
rVS*'

-rken-.
+ z*

This is the discrete second order autoregressive process in the form given

by J.W. From the definitions ofcC,and e(% (Eq. 3) it follows at once that the

process is stable (JW, pp. 48, 165). It has also been shown by JW that, if

oC* > - 4°f-z the theoretical autocorrelation function (tacf) has the form

of an exponential without peaks. This case corresponds with 2T 6 S, the

critically and stronger damped systems, defined by Eq. 1. If o(, <'— 4fefa

the tacf is a damped cosine, damped stronger if S increases. This second case

corresponds with 2T>S, the lightly damped or undamped systems.

Eq. 4 has been used to generate the model light curves.

Uniformly distributed random numbers in the interval (0,1) have been computed

and converted to Gaussian. The results are the numbers Zt in Eq. 4. The model

light curves are shown in Fig. 17.

The same initial conditions (x = x =

numbers have been used for all the curves.

0) and the same sequence of random

Only the curves for which T = 12 are shown, so the observed variations are

a function of S only (but of both et, and o(x ).

8.3 DISCUSSION

The curves can be separated into two different groups:

The curves in the first group (S ^-2T) are very irregular, and no trace of

periodicity can be detected.

t
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In the second case (S 4. 2T) we can observe very clearly the effect of the

decrease of S. The amplitudes of the model light curves increase, going

to smaller S, and a sort of "periodicity" is beginning to develop, especially

in the first half of the diagram.

We also observe that small ripples are smoothed and finally disappear almost

completely.

If we keep S constant and increase T, the autoregressive chain will show

its apparent periodicity over many cycles, the effect o f 2 + being slight

changes in shape, phase and amplitude of the light curve. (Eddington and

Plakidis, 1929; type 3 variability).

In practice we cannot have too large a difference between T and S, otherwise

the system becomes unstable (See JW, pp 48 and 165).

We can see, that there are many striking similarities between the model light

curves and real ones (this paper, the Gaposchkins, eg. volume 115 of the

Harvard Annals).

Variation for S for a given T (T=12 in fig.IT) produces a sequence of models

which have the same properties as the observed light curves. If we identify

the case S > 2T with the Lb variables, and the case S 4. 2T with the SR-types,

then we have in fact constructed a series of models with the same properties

of the real light curves: Lb, SRb, SRa(-M?); namely increasing amplitudes,

smoother light curves and possibly comparable apparent periods. Humps and

shoulders, appearing at unpredictable times on the real light curves are also

clearly visible on the models, and they behave in exactly the same way.

If the observations cover only a part of the light curve (like the first half

of the models) one may easily be misled by the regular appearance of the curve,

and one may confidently derive periods, which could well be meaningless.

It has also been observed that the apparent periodicity of the SR variables

may disappear after a certain time; this phenomeon is also visible on the

model light curves.

Considering all the arguments we tentatively draw the conclusion that the

observed light variations of the giant red variables could be the result of

stochastic processes (or at least that randomly occurins phenomena are dominant

over regular ones). The very nature of these processes is not known at present.

One could think of the occurrence of giant "star spots", bright spots on the

surface, or whatever one might expect in an extended and convective cool

stallar atmosphere.
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The possibility of bright spots has been indicated by Schwarzschild (1975).

In this context the remark by Tsuji (1978), that TiO absorption is very

sensitive to temperature, is of importance, since Schwarzschild found,

that his "bright spots" may have temperatures of 1000 K higher than their

surround ings.

Finally we will ask a rather speculative question: what if <t, and of2

are not constant for a given star, but vary slowly with time?

In other words, will an Lb star eventually evolve into an SR variable

(or the other way around), so that different types of variability only

represent different stages in evolution? (Note that both Lb and SRb

variables are found in the same region in the (B-V) - (U-B) plane (paper I)).

Feast (1972) has remarked that an evolution from SR into Me variables is

suggested by the SR and Me variables in 47 Tucanae.

Going to cooler stars, past the constant stars at the tJMkif the giant

branch, one encounters variables of increasing period and amplitude, first

the semiregulars, then the Mira's. Wilson (1942) noted that among the

irregular and semiregular variables no correlation could be found of the

absolute magnitude with type, period and character fo the light variation.

Finally, Feast et al (1972) found no evidence for a dependence, in the case

of the SR variables, of mean kinematic property on period.

So considering all the arguments, it does not seem too farfetched to adopt

a stochastic model for the lightvariation of the giant red variables, and to

place them in one (evolutionary?) sequence.
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Section 9

Summary. Concluding remarks.

Three colour UBV observations of southern semiregular and

irregular red variable stars are presented.

Well covered light and colour curves have been obtained for ca. 40 stars.

In most cases the observations span more than one cycle.

A short description is given for all individual variables. The observations

are accurate enough to reveal many minor irregularities in the lightvariation.

The SRb and Lb variables define a narrow curved strip in the (U-B) - (B-V)

diagram. This strip has been called the Locus of Red Variables (LRV).

The (U-B) of the variables is about 0.5 magnitudes bluer than that of the

K III giants.

On the basis of our observations the small amplitude variables can roughly

be divided into three groups: the carbon stars and two groups of M-type stars.

The M-type stars are separated by their behaviour in light and colour, and

even more so by the colour curves.

For one group (U-B) and (B-V) are both bluest at minimum light, and reddest

at maximum light (in V).

This is not the case for the other group.

Stars in the first group describe narrow loops, parallel to the LRV, in the

two colour plane, for the etars in the second group the loops are short and

broad.

The amplitudes 6V and f(B-V) for the first group are systematically larger

than those of the second group.

The first group can be identified with the SRb variables, the second one with

the Lb stars.

A linear relation seems to exist between iv and f(B-V). For one star the

amplitude S (U-B) is always larger than tf(B-V).

The LRV stars with (U-B) < 1.0 have more irregular variations in light and

colour.

The existence of the LRV and the behaviour of the Q - (U-B) and Q - (B-V)

diagrams have been compared with the results obtained by Wing (1967).

It can be noted, that Wing's relation between colour and inverse temperature

is reflected in our results, namely a curvature at (B-V) #1.5, and straight

lines for (U-B).



An absolute magnitude M = -0.9 has been derived with Jung's (1970) method.

With the aid of the second order autoregressive process model lightcurves

have been constructed. The models show a striking resemblance to the real

lightcurves. The series Lb - SRb - SRa (-M) can be reproduced.

It is suggested that the lightvariations of the red giants could be the

result of stochastic processes.

In that case the published periods of the SR stars could very well be

meaningless.

The observations, presented in this paper, have been made in the UBV system,

obviously not the most suitable system in the case of the red variables.

It might very well be, that the changing opacity, caused particularly by

TiO absorption bands, is the most important source of lightvariation at

short wavelengths.

In the case of Mira variables it is well known that the infrared amplitudes

are much smaller than the amplitude in visual light. If this is also true

for the small amplitude variables, they will have a very small infrared

amplitude indeed, and probably very small temperature variation.

Tsjui (1978) remarked, that TiO absorption is very sensitive to temperature.

Combined with Schwarzschild's (1975) suggestion of the possible existance of

large, hot convection cells, this might lead to a new approach to the causes

of variability of the small amplitude variables.

If we do not preclude the possibility that very large scale convection might

evolve to some sort of pulsation, then the different types of variable stars

represent different stages of evolution.

Unfortunately the theoretical problems involved are as yet so enormous that

the proposed scheme cannot be proved.

The only thing I can say at the moment is that the observational evidence is

not in contradiction with this idea (see also Feast, 1972). a
4
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; APPENDIX
f

The absolute magnitudes of the variables in group I (SRb)

Up till now there exist only a few papers dealing with the absolute

magnitudhs of the irregular red giant variables. (Joy, 1942, and Wilson, 1942).

Joy found a spectroscopic absolute magnitude M = -0.9. The same value was

found by Wilson from radial velocities and proper motions. The second author

also made the important observation that there is nor correlation of the

absolute magnitude M with type, period or character of the light variation.

We have decided to derive new absolute magnitudes for the SRb (group I)

variables, since new proper motions for the SR variables have been published

recently by Blackwell and Lowne (1968) In the computation of M the method

based on the principle of maximum likelihood, as described by Jung (1970)

with the linearization by Heck (1972) has been applied. (The linearization

facilitates the computation ofc , the intrinsic scatter of the sample.)
M

We finally selected a fairly homogeneous sample of stars, almost all having

spectral types M5I1I - M6III, without emission lines. Radial velocities have

been taken from Wilson's (1953) catalogue.

Proper motions from the AGK3, put at my disposal by Dr. J. Jung, together

with radial velocities from the same source, have been used to define a

second sample.

For the apparent magnitudes we have used the V from Table II if the star

was in our sample, otherwise the mean value taken from the GCVS was used.

Blue magnitudes have been reduced to visual magnitudes, assuming that

(B-V) = + 1,50 for all of the sample stars.

Both samples contain thirty stars, they have 23 stars in common.

The results for both samples are given in the following table. They are

corrected for bias, caused by random errors on the proper motions (see Jung.

1970, section 3).

Sample My *M2 U V W <r"n 0"v ff^

B and L -0.9 +_ 0.3 0.46 -2 -26 -17 61 34 35

AGK3 -0.6 +_ 0.4 0.36 3 -33 - 9 62 31 36

The two determinations of M agree quite well, but we are inclined to give

the proper motions of Blackwell and Lowne higher weight, since the AGK proper

motions are based on a much shorter time interval.
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We then adopt M^ = -0.9 as absolute magnitude for the SRb (group I)

variables. Our result is in excellent agreement with the values .found by

Joy and Wilson. In view of the small sample at hand, we will refrain from

discussing the space motions and velocity dispersions. One may note however

that the ratios of the axes of the velocity ellipsoid O"/<r and 6~/ C agee

fairly well with the values found by Feast (1963) for the short period Mira

variables, but do not at all agree with Feast's (1972) values for the SR

variables.

This might be explained by the fact that Feast's sample containes all sort

of SR variables, while ours only deals with SRb variables within a narrow

range of spectral types, and the fact that our sample is much smaller.

Footnote

The results described in this section have been derived with the kind

cooperation of Messrs. Jean Jung of Strassbourg and Andre Heck of Liege.
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nary conclusion is based on reverse transcriptase inhibition, complement

fixation, competition radioimmunoassay for p30, pl5 and pi2 and nucleic

acid homology.

This remarkable finding is in agreement with experiments on two other

human derived type C isolates. The HL-23 virus isolated from cultured

human leukaemic cells contains 2 viruses: one indistinguishable from the

prototype SiSV, the second indistinguishable from the M7-BaEV isolate

(Chan et al. ( 1976: Okabe et al., 1976). The other human isolate (HEL-12),

spontaneously released by human embryonic lung fibroblasts, was shown by

the immunofluorescent antibody technique to contain one virus related to

SiSV and another to RD114 virus (Panem et al., 1977). Whether this asso-

ciation of SiSV with BaEV in human material represents a functional rela-

tionship is completely unknown at the moment.

—:..-'!
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CHAPTER VI

ONCOGENICITY OF SKA21-3 VIRUSES IN RATS

INTRODUCTION

Final proof that viruses are onoogenic in man will always be diffi-

cult to obtain. Besides seroepidemiological evidence, transformation _in

vitro by the agent and tumour induction in experimental animals are the

appropriate experiments to "prove" the carcinogenic action of viruses in

man.

In this Chapter, we demonstrate the oncogenicity of a human tissue

derived type C viral isolate in rats- The virus has been described in

detail in the previous Chapter. Briefly a putative human helper virus was

able to rescue the mouse sarcoma virus (MSV) genome from nonproducer rat

cells. The presumed human helper virus pseudotype of MSV induced foci of

transformed cells in mammalian cell monolayers. One clone of such trans-

formed rabbit (SIRC) cells (referred tr» as SKA21-3) became a high producer

of type C virions. The SKA21-3 viruses appeared to be antigenically re-

lated to the woolly monkey (simian) sarcoma-leukaemia virus (SiSV). In the

next part of the Introduction to this Chapter, the pathogenic lesions in-

duced by mammalian type C retroviruses are reviewed and, in the Experi-

mental Part, the oncogenic potential of the presumed human isolate is

tested in two types of experiments: (1) inoculation of SKA21-3 cells pro-

ducing the HSV pseudotypes plus the human helper virus; and 2) inoculation

of cells producing the helper virus alone.

6.1. PATHOLOGIC LESIONS INDUCED BY MAMMALIAN TYPE C RETROVIRUSES

The mammalian RNA tumour viruses can be divided into 3 groups on the

basis of the pathologic lesions they are associated with: the mammary

tumour, leukaemia and sarcoma viruses. The mouse mammary tumour virus

(HuMTV) induces carcinomas of the mammary gland in mice. The leukaemia and

sarcoma viruses, which are referred to as type C viruses, are associated

with neoplasms of mesenchymal origin in a variety of animal species. He

will discuss here the lesions induced by the mammalian type C leukaemia

and sarcoma viruses.

6.1.1. Leukaemia viruses

After the discovery of Gross (1951) that the leukaemia of the inbred

AK mouse strain could be cell-free transmitted to other mouse strains,
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many murine leukaemia virus isolates have been described (for a detailed

account of individual viruses, see Gross, 1970). Host of them have been

recovered in the laboratory after repeated transplantation and/or cell-

free transmission of spontaneous or induced tumours in various mouse

strains and may have arisen as a result of recombination of different en-

dogenous viruses (Troxler et al.r 1977). These "laboratory" viruses, which

may be genotypical.ty altered by the isolation procedures, provide a highly

valuable tool for studying the mechanism of carcinogenesis. However, the

naturally occurring virus-associated neoplasms are important as model

systems for the etiology of human cancer. Such naturally occurring neo-

plasms with a presumed viral etiology are found in, for instance, wild

mice (Gardner et al., 1973), inbred laboratory mice (Peters et al., 1973;

Hartley et al., 1977), domestic cats (Jarrett et al., 1964), cattle

(Miller et al., 1969) and primates in captivity (Theilen et al., 1971;

Kawakami et al., 1972).

The pathogenic spectrum of tjie various murine leukaemia viruses can

vary a great deal. They may induce polycythemia as well as different forms

of leukaemia and lymphoma (for a review on the pathobiology of virus-in-

duced murine leukaemias, see Siegler, 1968; Fey, 1974). However, the most

common virus-induced lesions in mice are the thymic lymphosarcomas with or

without leukaemia. Hyeloid leukaemia, erythremic myelosis and reticulum

cell sarcoma can also be induced by injection of murine type C viruses.

From the wild mouse (Hus musculus), type C retroviruses with a neurotropic

and lymphomagenic activity have been isolated. Inoculation of newborn wild

mice leads to the development of lymphosarcomas and/or a neurogenic type

of lower limb paralysis. The latter is due to vacuolar neuronal degenera-

tion and gliosis, especially in the anterior horns and adjacent white

matter of the spinal cord, resulting in neurogenic atrophy of the hind leg

musculature (Gardner et al., 1973; Officer et al., 1973).

Feline type C leukaemia virus isolates obtained from spontaneous lyra-

phosarcomas upon injection into newborn cats induce: lymphosarcomas, lym-

phocytic leukaemias and reticulum cell sarcomas (Jarrett et al., 1964;

Rickard et al., 1969; Theilen et al., 1970), together referred to as lym-

phoreticular neoplasms (Jarrett et al., 1966). Other disorders of the

haemopoietic tissues (e.g., granulocytic leukaemia, erythremic myelosis,

aplastic anaemia, myelofibrosis) form a quantitatively minority of

diseases experimentally induced by or naturally associated with feline

leukaemia virus infections (Herz et al., 1970; Jarrett, 1971).

Evidence has accumulated for the viral etiology of enzootic leukaemia

in adult cattle and sheep. The bovine and ovine leukaemia viruses are most

likely closely related (Rohde et al., 1978). These retroviruses are con-

sistently associated with bovine and ovine lymphosarcoma (Miller et al.,

1969? Paulsen et al., 1972; Van der Maaten et al., 1974; Piper et al.,
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1975). Inoculation of the bovine leukaemia virus induced lymphoid tumours

in sheep {Olsen et al., 1972).

Type C retroviruses are found to be the major etiological factors in

the development of lymphocytic and myeloid leukaemias and lymphosarcomas

in gibbons in captivity in 3 independent colonies (Kawakami et al., 1972;

Snijder et al., 1973; DePaoli et al., 1973; Gallo et al.f 1978). Young

gibbons develop myeloproliferative disorders upon inoculation with the

gibbon ape leukaemia virus (personal communication. Dr. T. Kawakami, Com-

parative Oncology Laboratory, University of California, Davis, California,

USA), ft closely related infectious type C virus has been isolated from a

woolly monkey with a spontaneous fibrosarcoma (Theilen et al., 1971j Wolfe

et al., 1972a). This viral isolate consists of a replication-defective

woolly monkey (simian) sarcoma virus, with an excess of helper (leukaemia)

virus (Scolnick and Parks, 1973). Attempts to induce leukaemias or lym-

phosarcomas in marmosets with the natural helper virus (the sarcoma-asso-

ciated virus) of the simian sarcoma virus have failed so far (Bergholz et

al., 1977).

6.1.2. Sarcoma viruses

Host sarcoma viruses are replication-defective and cannot produce in-

fectious progeny unless the cells infected by the sarcoma virus are also

infected with a leukaemia virus which acts as a helper (see review.

Chapter V, 5.1.). The Harvey, Holoney and Kirsten mouse sarcoma viruses

are probably formed by recombination of cellular "oncogenes" with endo-

genous viral genes coding for viral replication functions (Martin and

Weiss, 1974; Shih et al., 1978; see also Chapter V, 5.1). These trans-

forming viruses are actually "made" in the laboratory (for a historical

review, see Gross, 1970). Host likely, the nontransforming leukaemia

viruses served as a transducing agent capable of picking up cellular on-

cogenic information. Apparently this phenomenon, if it indeed exists, can

also happen spontaneously in nature, since naturally occurring sarcoma

viruses have been isolated from "spontaneous" sarcomas in inbred mice

(Finkel and Biskis, 1968; Gazdar et al., 1972), cats (Snyder and Theilen,

1969; Gardner et al., 1970; Snyder, 1971) and a lower primate species

(Theilen et al., 1971; Wolfe et al., 1971).

The pathology of MSV has been extensively reviewed by Harvey and East

(1971). In general, these viruses induce solid mesenchymal tumours (sar-

comas) at the site of inoculation in mice, rats, hamsters and Hastomys,

with a short latency period. The lesions induced by the various sarcoma

virus isolates can differ; we here will review the pathologic lesions in-

duced by the Kirsten strain of MSV (MSV-K). In rodents, MSV-K produces

sarcomas accompanied by erythroblastic splenomegaly and concomittant

anaemia and cystic haemorrhagic and osteolytic lesions. This complex of

97



lesions is referred to as "early" changes induced by MSV (Harvey and East,

1971). The "late" effects of MSV in susceptible species often consist of

generalized lymphosarcoma. MSV-K evokes a distinct late response in rats

which is defined as "malignant haemopoietio tumour of undifferentiated

type, not involving the thymus" (Harvey and East, 1971).

Infectious stocks of MSV are always ootnposed of a mixture of leukaemia

and sarcoma viruses. Thus, animals injected with infectious MSV can

develop two types of diseases: sarcomas and leukaemias. Presumably, the

above-mentioned early effects are caused by the sarcoma virus genome and

the late effects by the helper virus genome (Scher et al., 1975). The

MSV-K-induced sarcomas have an angiomatous component and consist of pleo-

morphic undifferentiated mesenchymal cells with areas of fibroblastic or

histiocytic differentiation. Sarcomatous areas are often present in the

spleen, lymph nodes, liver, lungs and bone marrow. A general feature of

the MSV-sarcomas and the late differentiated or undifferentiated haemopo-

ietic tumours is their transplantability in newborn syngeneic recipients.

The erythroblastic spleen cells induced in the early phase of the disease

cannot be transplanted (Kirsten and Hayer, 1969).

The feline sarcoma virus can experimentally give rise to fibrosarcomas

in cats and many other species as well, including the dog, rabbits, sheep,

pigs and monkeys (Gardner et al., 1971j Wolfe et al., 1972b; Essex, 1974).

The simian sarcoma virus isolated from a naturally occurring fibrosar-

coraa of a woolly monkey induces fibrosarcomas in marmosets (Wolfe et al.,

1971; Deinhardt et al., 1972).

EXPERIMENTAL PART

6.2. INDUCTION OF SARCOMAS

Ten newborn BALB/c mice were injected subcutaneously with SKA21-3

cells (2-5 x 10 cells per animal). (For a schematic representation of

the isolation procedure and subsequent _in vitro and in vivo passage of

SKA21-3 viruses, see Figure 24). done of the inoculated mice developed

signs of disease up to one year post injection. This is in agreement with

the previously reported r̂i vitro host range of the putative human tissue

derived helper virus (Chapter V ) . However, 20 out of 20 newborn WAG/Rij

rats inoculated with SKA21-3 cells ( 2 - 5 x 10 s cells per animal)

developed typical MSV lesions with a latency period of 1 to 4 months. In

addition, these rats also showed various proliferative lesions of the hae-

mopoietic tissues. Many animals were anemic with haematocrit values some-

times as low as 10 %. Also posterior paralysis was common. Grossly firm,

sometimes haemorrhagic, tumour nodules were found at the site of inocula-

tion. Spleen and lymph nodes were often enlarged and haemorrhagic.
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Figure 24: Schematic representation of the isolation procedure and subsequent passages
of the SKA21-3 viruses.

The subcutaneous tumours were characterized histologically by a prolifer-
ation of fibroblasts, histiocytes and small vessels with extensive inva-
sion of the surrounding tissue (Pig. 25). Cellularity varied appreciably
between different areas of the tumour. Foci of erythropoiesis <;nd haemor-
rhages were common. The tumour ce l l s showed extreme nuclear polymorphism
ana mitoses were easily seen. There was considerable variation in the ex-
tent of the lesions among the different animals. Sarcomatous tissue was
regularly present at the inoculation s i t e and in lymph nodes and spleen.
Less frequently, sarcomatous tissue was found in other organs such as
brain, l iver, lung, kidney, bone marrow and uterus. While the presence of
MSV lesions was a constant finding in these rats, a variety of prolifer-
ative lesions of the haemopoietic tissues was observed as well (Table 21).
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Figure 25: Subcutaneous sarcoma tissue in a rat neonatally inoculated with SKA21-3
cells. Fibroblastic and histiocytic differentiation (lower right corner) can
be seen. HPS. Magnification x 210.

Proliferation of erythroid elements in spleen and liver was especial-

ly frequent (Fig. 26). In 4 cases, the erythroblastic proliferation was so

extensive with such destructive growth in many tissues that a diagnosis of

erythremic myelosis was made.

In 4 animals, a generalized lymphoblastic lymphoma developed (Fig.

27). The lymphoid origin was apparent from the cellular characteristics

and from the fact that the tumour primarily affected lymphoid tissue (cor-

tex of lymph nodes, white pulp of spleen, peribronchial lymphoid tissue

and thymus).

In 3 cases, the tumour cells were undifferentiated. Combinations of

proliferative lesions of erythropoietic elements and malignant undiffer-

entiatea haemopoietic tumours or lymphoblastic lymphomas were common.

Thus, in 9 of the 20 rats inoculated, a malignant proliferation of haemo-
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Table 21

HISTOLOGICAL DIAGNOSES OF 20 RATS AFTER NEONATAL INOCULATION WITH SKA21-3 CELLS

HSV

lesions3
' HyeloproliCerative diseases

benign

erythroid myeloid

malignant

erythremic lymphoblastic undiffer-

myelosis lymphoraa entiated

Number

of

rats

t total

+

+

+

+

+

+

+

20 11

aAs described under 6.2. in text.

3

1

1

1

1

1

1

20



Figure 26: Abundant erythropoiesis in the spleen of a rat neonatally inoculated with
SKA21-3 cells. Note normal white pulp (left upper corner). UPS. Magnification
z 240.

Figure 27: Lyophoblastic lymphoma in white pulp of the spleen in a rat neonacally in-
jected with SKA21-3 ce l l s . UPS. Magnification x 240.
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poietic t issue elements could be demonstrated his to logical ly .
Extensive epidural growth of malignant cel ls of haemopoietic tissue origin
with invasions of the meninges and spinal cord often led to posterior pa-
ralysis (Fig. 28).

Subcutaneous inoculation of uninfected SIRC ce l l s into newborn ta t s
never led to local outgrowth of these cells nor did the animals show any
other signs of disease during a 12 month observation period.

Some of the subcutaneous tumours were analysed for isoenzyme patterns
(kindly performed by Dr. P. Meera-Khanf Anthropogenetic In s t i t u t e , Univer-
s i ty of Leiden, Leiden, The Netherlands) and were found to be of rat
origin. This suggests that the induced lesions were the result of virus
produced by the inoculated SIRC c e l l s .

6 . 3 . INDUCTION OF TUMOURS OF THE HAEMOPOIETIC TISSUES

Evidence for the oncogenic potential of the presumed human type C
virus was obtained by inoculation of cel ls producing the helper virus
without MSV pseudotypes. Transmission of the helper virus freed of sarcoma
virus was performed by endpoint d i lu t ion .

Figure 28: Involvement of vertebral bone marrow by an undiffecentiated malignant neo-
plasm of haemopoietic tissue origin with extensive invasion of adjacent
skeletal muscle and compression and invasion of spinal cord in a rat neo-
natally injected with SKA21-3 cel ls . BPS. Magnification x 18.
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{;• 6.3.1. Endpoint dilution of SKA21-3 viruses on A204 cells

i' Both focus formation and XC plaque induction are biological techniques

fj with which the ratio sarcoma virus-helper virus in the virus stock can be

f*5 assayed. The SKA21-3 virus stock had an MSV; helper virus ratio of 1 : 100

if (Chapter V, Table 17). Serial dilutions, up to 10~5, were made of the

If virus stock produced by SKA21-3 and incubated on human rhabdomyosarcoma

I (A204) cells. After a few weeks, the cultures started to release virus as

| could be demonstrated by electron microscopy, reverse transcriptase acti-

1; vity, focus formation and XC plaque formation (Table 22). SKA21-3 virus

j' dilution 10~5 on A204 cells, referred to as culture A204(SKA), had high

j polymerase activity, XC plaque formation (10 plaque forming units per

;{ ml), but no foci of transformed cells were induced upon inoculation onto

} rabbit SIRC and rat embryo cells.

}i Obviously, the HSV genome was titrated out of the SKA21-3 isolate and the

| virions propagated in A204(SKA) cells were most likely the presumed human

I type C helper. A204(SKA) cells had high immunofluorescence titres of SiSV-

I p30 related antigens in their cytoplasm and, in th.2 culture fluids, about

jj 800 ng SiSV-equivalents per ml wore detected by the Sepharose bead immuno-

h fluorescence assay. With the nucleic acid hybridization technique, SiSV-

l related provirus could be detected in A204(SKA) cells (personal communi-

p. cation. Dr. R.G. Smith, National Cancer Institute, Bethesda, Maryland,

j USA). However/ no indications for the presence of HSV proviral DNA were
, found.
-/.

i. 6.3.2. Inoculation of A204(SKA) cells

s Ten newborn BALB/c mice were injected subcutaneously with A204(SKA)

I cells (2-5 x 10 cells per animal). None of these mice developed signs

£ of disease up to one year postinjection; the satpe was found for the inocu-

j lation of SKA21-3 cells. After inoculation of 20 newborn WAG/Rij rats

I- with 2-5xlO6 A204(SKA) cells, no subcutaneous sarcomas were observed,

i but 11 of these rats died between 5 and 9 months after injection with a

t. variety of proliferative lesions of the haemopoietic tissues (Table 23).

I Seven animals were still alive after 12 months and 2.died of sepsis at the

ij age of 9 months.

| Proliferation of erythropoietic elements (whether or not accompanied

'• by a proliferation of other haemopoietic tissue elements) was a common

I finding in these rats. It varied from erythropoiesis of variable severity

\ in spleen and liv-r (2 cases) to a generalized invasive neoplastic growth

1 of erythroblasts (erythremic myelosis) (4 cases).

\ !n 7 cases, a diagnosis of lymphoblastic lyjr.phoma was made (Pig. 29).

f Jn two of these cases, a myeloid reaction was present as well. In one

K animal, areas of erythremic myelosis and areas with proliferation of un-

S differentiated blast-like cells were found in addition to the malignant

!. tumour of lymphoblasts. The malignant character of the afore-mentioned
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Table 22

DILUTIONS OF SKA21-3 VIRUS OH A204 CELLS

Dilutions

10,-2 10,-3 10" 10,-5

Reverse3

trr.

cr-^- k̂ e

Focus6

formation

Reverse

trans-

criptase

Focus

formation

Reverse

trans-

criptase

Focus

formation

Reverse

trans-

criptase

Focus

formation

A204 -5th passage 70xl03 221xlO3 84 129xlO3 106xl0J

'Extracellular reverse transcriptase activity expressed as counts per minute 3H-TMP incorporated on a syn-

thetic template-primer complex oligo dT(12-18)-poly rA per ml culture fluid.
bFoeus assay was carried out on secondary rat embryo cultures and expressed as focus-forming units per ml;

0 indicates that foci were not detected in 0.2 ml undiluted tissue culture fluid.
cToo numerous to count.



Table 23

HISTOLOGICAL DIAGNOSIS OF 11 RATS AFTER NEONATAL INOCULATION WITH

A204(SKA) CELLS

MSV
lesionsa

benign

erythroid myeloid

Hyeloproliterative disease

malignant

ecythremic ly .'°blastio

myelosis lymphoma

undiffer-

entiated

Number

of
rats

Total

aAs described under 6.2 in text.
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Figure 29: Enlarged lymph node with lymphoblastic lymphoma in a rat neonatally inocu-
lated with A204ISRA) cells. Note extensive areas of necrosis (left), starry
sky appearance and extracapsular invasion. HPS. Magnification x IS.

erythremic myelosis was reflected by the appearance of malignant subcuta-

neous tumours consisting of undifferentiated blast cells two weeks after

inoculation of 5 x 10° tumour cells into newborn syngeneic rats. These

animals died within 1 month after inoculation. At necropsy it appeared

that the spleen, lymph nodes, lungs and kidneys contained tumour cells.

In the majority of the 10 rats with malignant haemopoietic tumours,

the disease had progressed to the leukaemic form as could be concluded

from the presence of many neoplastic cells inside blood vessels in the

histological sections. None of the 11 necropsied animals showed signs of

fibrohistiocytic sarcomas such as are found on inoculation of the HSV-

helper virus combination. The hind limb paralysis which was present in

several of these rats was due to tumour growth in the meninges and com-

pression or invasion of the spinal cord. Subcutaneous inoculation of un-

infected A204 cells into newborn rats never led to local outgrowth of

these cells nor to the development of haemopoietic tumours during the 12

month observation period.

Some of the tumorous spleens were analysed for isoenzyme patterns

(kindly performed by Dr. P. Meera-Khan) and the cells proved to be of rat

origin. This suggests that the induced haemopoietic tumours were the

result of virus production by the inoculated A204(SKA) cells.
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From these studies, it appears that the helper virus alone may cause a

proliferation of various progenitor cells of the haemopoietic tissues com-

parable to the spectrum of myeloproliferative lesions caused by FeLV (see

Theilen, 1975) and that this proliferation can vary from a benign possibly

reactive process to a generalized malignant naoplastic growth.

6.4. VIRAEMIA AND ABSENCE OF CIRCULATING ANTIBODIES

Sera of the experimental rats were examined for the presence of virus

particles, viral antigens and antiviral antibodies.

Blood samples of 2 rats, ore with a generalized lymphoblastic lymphoma

and one with an erythremic myelosis, were made cell-free and processed for

electron microscopic examination by the Millipore filter technique. The

cell-packs from the same blood samples were processed according to the

standard electron microscopic technique. Mature virus particles were found

in sera and budding virions in peripheral blast cells of both animals.

Sera of rats which developed sarcomas or haemopoietic neoplasms con-

tained SiSV-p30 related antigens, as estimated by the Sepharose bead immu-

noassay technique (Table 24). Beads coated with hyperimmune goat serum

directed against SiSV-p30 (GA-SiSV-p30) were incubated with rat sera and

stained with goat antiserum to rat Ig<3 conjugated with fluorescein iso-

thiocyanate. Of the 12 animals tested, 5 had high levels of SiSV-p3Q equi-

valents in their serum, as estimated with the aid of a reference curve; 6

had intermediate levels and only one was negative.

Table 24

ANTIGENS RELATED TO SiSV-p30 IN SERA OF INOCULATED RATS

Rats inoculated

with

No. animals

tested

SiSV-p30 related

antigensa

SKA21-3 cells

A204(SKA) cells

aSera are regarded as ( + ) if the amount of SiSV-p30 equivalent, as deter-

mined with the Sepharose bead assay, is between SO and 200 ng per ml.

Less than 50 ng is regarded as (-) and more than 20; ng as (++).

108



No circulating antiviral antibodies were found with either the Sepha-

rose bead test or a radioimmunoprecipitation assay (kindly performed by

Dr. P. Herbrink, Department of Pathology, University of Leiden, Leiden,

The Netherlands).

6.5. RECOVERY AND CHARACTERIZATION OF VIRUS

,<•••%

Mature, immature and budding virions were found in thin sections of a

tumorous spleen by direct examination with the electron microscope.

Virus was recovered from tumorous spleens and lymph nodes by the co-

cultivation method (Table 25). When lymph node cells of a rat with SKA21-3

induced generalized sarcomas were cocultivated with dog thymus (A7573)

cells, the culture (A3894) became a producer of type C retrovirus after a

few weeks, as assayed by reverse transcriptase. The supernatants c^tained

focus forming activity when assayed on rat embryonic fibroblasts. O i l s of

this coculture were positive for SiSV-related antigens as shown by inununo-

fluorescence tests on acetone-fixed cells. Weak cross-reactions were found

with antiserum against Rauscher murine leukaemia virus. Spleen tissue of 2

rats with haemopoietic tumours were assayed for infectious vicus by cocul-

tivation with A7573 cells (Table 25). A few weeks after the initiation of

the coculture, extracellular viral polymerase was found. The cocultures

(A1117 and A3109) were positive for SiSV-related antigens. The reverse

transcriptase positive culture supernatants were repeatedly negative for

focus formation.

The antisera used for the serological identification of the viruses

retrieved from the tumorous animals were examined for cross-reactivity

with endogenous rat type C retrovirus (Table 25). Cell cultures producing

endogenous type C rat viruses were made as follows: exponentially growing

rat embryo cells were treated with 5-bromodeoxyuridine (20 jig per ml) for

24 h in order to activate endogenous rat viruses (Groll§ et al., 1973).

Three days after treatment, culture supernatant assayed for reverse trans-

criptase was positive (10 x 10* cpm per ml) and the cells were fixed

with acetone. Only hyperimmune serum directed against Rauscher virus re-

acted with the halogenated pyrimidine-treated rat cells (titre 1 : 80);

the antiserum to SiSV gave negative results on cells producing endogenous

rat virus. However, the immunofluorescence endpoint titres of the cocul-

tures A3894, A1117 and A3109 were high with the SiSV antiserum. Apparent-

ly, the virus recovered by cocultivation from tumorous organs is serologi-

cally related to SiSV and probably not to the endogenous rat virus.
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Table 25

VIRUS DETECTION IN COCULTIVATIONS OF TUHOROOS RAT TISSUES

Immunofluorescence
endpoint t i tres°

Reverse Focus Antisera
Cell l ines transcriptase formation15 RA-SiSV-p30 RA-R-HuLV

activi ty a

Control lines
REF+SiSV*1

REF+BUdRe

REF

BAGB/3T3+R-HUIV9

BALB/3T3

A7573 1.1

Coculture of HSV tumour

A38941 113

Cocultures of leukaemic

spleens

A1117* 35

60

10

0.6

910

0.3

5

0

0

0

320

10

10

40
10

80

40,80f

20

320

20

A3109x 10

10 $ 160

^320

80

>80

40

aExpressed as cpm x 10~3 3H-TMP incorporated on the oligo dT(12-18)-poly

rA template.

Expressed as focus forming units per ml culture fluid.
cExpressed as the reciprocal of the highest dilution showing virus-specific

fluorescence.
dRat embryo (REF) cells productively infected with simian sarcoma-leukaemia

virus (SiSV).
eREF cells treated with 5-bromodeoxyuridine (BDdR) (20 ug per ml) for 24 h.

'Results of two separate experiments.
9BAIB/3T3 cells infected with Rauscher marine leukaemia virus (R-HuLV).

"Not tested with RA-R-MuLV antiserum. With other anti-R-HuLV antisera the

endpoint titres on A7573 cells were ^20.

*Tumorous tissue was cocultivated with A7S73 cells.
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6.6. DISCUSSION

The association between a transmissible virus related to the woolly

monkey and gibbon ape leukaemia virus and a few cases of human leukaemia

(Gallagher and Gallo, 1975; Gabelman et al., 1975; Chapter V) suggests an

etiological role particularly because of the proven oncogenicity of this

group of viruses in subhuman primates (Wolfe st al., 1971; Kawakami,

personal communication). The SiSV-component of the well-described HL-23V

isolate retrieved from blood cells of a leukaemic patient (Teich et al.,

1975) could transform cells in vitro (Markham et al., 1978), and could

induce fibrosarcomas in marmosets (Bergholz et al., 1977). However, de-

velopment of haemopoietic neoplasms induced by this presumed human virus

or the prototype of the woolly monkey type C helper virus has never been

reported. In this Chapter, wo have demonstrated that inoculation of cells

producing HSV pseudotypes and presumed human helper virus induce sarcomas

and haemopoietic tumours in rats. Tumour induction by inoculation of cell-

free virus preparations was not attempted because of the previously re-

ported (Deinhardt et al., 1972) poor response to this type of administra-

tion of SiSV as compared to inoculation of virus producing cells in sus-

ceptible animals. However, serum from an A204(SKA) inoculated rat with a

lymphoblastic lymphoma again caused haemopoietic neoplasms upon inocula-

tion into newborn WAG/Rij rats (data not shown).

Viruses serologically identical to the inoculated human type C virus were

isolated by cocultivation of canine A7573 cells and tumorous lymph nodes

and spleens of animals injected with virus-producing SKA or A204(SKA)

cells. This finding coupled with the viraemia found in the inoculated ani-

mals shows that the human-derived virus can replicate in rats. Obviously,

the lesions induced in the animals described in this Chapter are due to

spread of viruses released by the inoculated SKA21-3 and A204(SKA) cells.

Several strains of murine leukaemia virus originated from the inocula-

tion of human tumour material (see Gross, 1970). It became obvious that

this procedure led to the activation of endogenous ecotropic murine type C

retroviruses. There is no indication for the involvement of an endogenous

rat virus in the induction of haemopoietic neoplasms by A204(SKA) cells.

The virus isolated from tumorous material in our studies is serologically

closely related to SiSV. The SiSV antisera used showed no cross-reactions

with the rat endogenous type C virus when tested in either the cytoplasmic

immunofluorescence test or in the Sepharose bead assay (data not shown).

Because of the lack of antiserum directed against the endogenous rat

virus, an antiserum to a murine leukaemia virus was used. This was justi-

fied by the observations of shared antigenic determinants by endogenous

rat virus and murine virus (Table 24; GrollS et al., 1973; Sherr et al.,

1975).
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Another complication is the passage of the virus through various cell

lines before its "leukaeimogenicity" was demonstrated. Recoir.bi tion be-

tween an "inrtocent" human-derived helper virus and the MSV genome and/or

cellular genes of one of the cell lines used might have produced a leukae-

mogenic virus lacking the capacity to induce sarcomas. Mammalian type C

viruses grown in animals or cultured cells of heteitologous. species can re-

combine with host cell genes to form virions with altered biological

properties (Stephenson et al.r 1974a; Sherr et al., 1976). We have no data

for our own work supporting this recombination hypothesis at this time.

In our experimentsr inoculation of virus-producing cells into adult

rats did not result in signs of disease (data not shown). One hundred per

cent of the H5V pseudotype-injected newborn rats and about 50 % of the

helper-virus injected newborn animals developed a malignancy. In experi-

mental tumour induction with primate Herpes viruses, the age of the reci-

pient is not a restricting factor for tumour development (Deinhardt,

1975). However, except for the murine erythroblastosis viruses, the

majority o': oncogenic type C retroviruses are highly age-depent in

inducing neoplastic growth (see Gross, 1970). The exact mechanism under-

lying this phenomenon is not yet understood and a discussion on it is

beyond our scope.
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CHAPTER VII

GENERAL DISCUSSION

The isolation of type C RNA tumour viruses from a few cases of human

leukaemia and the occasional finding of viral footprints in human biopsies

is in favour of a theory of the viral etiology of human leukaemia. How-

everr the evidence published so far, on the presence of viral markers (nu-

cleic acids, proteins and antibodies) in human leukaemia are highly con-

troversial (for a review, see Chapter I). In this Chapter it will be at-

tempted to explain the various inconsistencies with reference to specific

animal models.

7.1. ENDOGENOUS VIRUSES

Both DNA and RNA viruses have been found in various animal species to

be associated with leukaemias and lymphomas. There are, however, presently

no good reasons to speculate that human leukaemias and lymphomas, except

for Burkitt's disease, are caused by DNA viruses (Green and Wold, 1976).

In contrast, the best candidates are to be found in the group of type C

RNA tumour viruses. A role of exogenous RNA tumour viruses in the etiology

of naturally occurring cancer has now been established in a wide range of

animal species (Tooze, 1973). However, as far as the endogenous type C

viruses are concerned, their role in the development of naturally oc-

curring neoplasms is still a matter of debate (Niman et al., 1977) and is

in fact only convincingly established in mice.

Endogenous type C viral genes representing part of the normal cellular

genetic constitution are found in many animal species, among which are

birds, mice, rats, cats, pigs and New and Old World primates (Benveniste

et al., 1974a; Todaro et al., 1978a; 1978b) (for a review on endogenous

viruses, see Aaronson and Stephenson, 1976). It is in fact assumed that

each species harbours such viruses. Their function is not yet known (Toda-

ro, 1975) but some of them have been shown to be oncogenic (Stephenson et

al., 1974b; Greenberger et al., 1975). A prototype of naturally occurring

leukaemia associated with viruses, is found in the AKR mouse strain. This

strain has a high incidence of leukaemia due to the spontaneous activation

of endogenous viruses {Hartley et al., 1977; Elder et al., 1377) which is

followed later by lymphatic leukaemia, while the endogenous viruses remain

generally repressed in other mice strains with a low leukaemia incidence

(Gross, 1970). Endogenous type C viruses are released in cell cultures of

113



normal tissues either spontaneously or after activation by different sti-

muli, e.g., treatment of the cultures with halogenated pyritnidines (Lowy

et al., 1971) or inhibitors of protein synthesis (Aaronson and Dunn,

1974), stimulation of lymphocyte cultures with lipopolysaccharides (Moroni

and Schumann, 1975) or Graft-versus-Host reactions _in vitro (Hirsch et

al., 1972).

Attempts to activate endogenous viruses in human cell cultures have

failed so far, at least in the 200 individual cultures of human origin ex-

amined by Stephenson and Aaronson (1976). However, man is not unique in

that respect: in his closest relatives, the apes (gibbon, orangutan,

gorilla and chimpanzee), endogenous type C viruses have also not been

identified. In fact, the evidence obtained so far for the human situation

suggests the existence of horizontally spreading human viruses.

7.2. PUTATIVE HUMAN EXOGENOUS VIRUSES

In our work, the technique of cocultivation was paramount and ap-

peared to be sensitive for the detection of presumed human type C viral

footprints, most likely of exogenous viruses. Particularly in cocultures

of dog cells (permissive for replication of primate viruses) with bone

marrow of leukaemic children, woolly monkey (simian) sarcoma-leukaemia

virus (SiSV)-related markers were detected. In this respect, the success-

ful repetition of the experiments with stored bone marrow samples of cer-

tain positive patient biopsies is particularly convincing. This suggests

that intimate contact between leukaemic cells and permissive target cells

can lead to a transient expression of putative human viruses. This tran-

sient virus expression could not be influenced by treating the coculti-

vated dog cells with halogenated pyrimidines and/or glucocorticoids (data

not shown) (Dunn et al., 1975; Niwa et al., 1975; Lowy and Scolnick,

1978). To my knowledge, most studies directed at the detection of human

viruses have been done on biopsies from adult patients. Although the re-

sults in human leukaemia are generally negative, our work presented in the

previous Chapters suggests that a viral association is more overt in

childhood leukaemia. This could mean that in contrast to adult leukaemia

viral antigens or antiviral antibodies can easily be detected in fresh

tumour material and sera of leukaemic children.

Although occasional virus isolates have been obtained from human biop-

sies, there is no present evidence that such viruses are consistently

present in human leukaemias. The experimental approaches employed have

been electron microscopy, tissue culture, immunological and biochemical

methods. As most available data are controversial, many investigators have

seriously questioned the role of viruses in human leukaemia. In fact, the

criticism at the moment of a model of viral leukaemogenesis in man is that

there are no satisfactorily consistent reports on serolog^/ provirus and

virus isolation.
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7.2.1. SiSV and BaEV in human-tissues

In man, most convincing evidence for the existence of type C retro-

viruses concerns two primate viruses, SiSV and the endogenous baboon

virus (BaEV). These type C viruses, however, are exogenous for man and

therefore must have been acquired sometime during life. But then, ac-

cording to the "provirus" theory (Temin, 1964) (which has been proven in

the meantime), proviral DNA sequences must be detectable in the tumour

cells (e.g. Shoyab et al-, 1974). Indeed, BaEV praviral sequences in leu-

kaemic cell DNA from several patients have been reported by one group

(Reitz et al., 1976; Wong-Staal et al., 1976). It is remarkable, that in

the original leukaemio spleen cells of patient HL-23 from which finally

BaEV and SiSV-related viruses could be retrieved (Chan et al., 1976; Okabe

et al., 1976), only BaEV provirns was found. Although the HL-23 leukaemic

cell cultures readily released SiSV (Gallagher and Gallo, 1975), woolly

monkey virus related proviruses could not be detected in the patient's

tumour tissue (Raitz et al., 1976). These observations led to several as-

sumptions. The most simple one assumes that the HL-23 viruses are labora-

tory contaminants. For the following reasons, however, this does not seem

to be the case: 1) the viruses have been isolated from the patient on two

separate occasions. The first time was from the patients peripheral blood;

the other (6 months later) was from bone marrow when the patient was in

remission (Gallagher et al., 1975); and 2) the simultaneous presence of

both SiSV and BaEV in the isolate. This argument also holds true for other

presumptive human isolates (Panem et al., 1977; Chapter V, this thesis).

The coexistence of BaEV and SiSV in a number of isolates cannot be due to

mere coincidence; it may suggest a functional relationship.

Another way of explaining the lack of SiSV provirus in human leukaemic

cell DHA is the hypothesis of partial provirus (one-gene?) integration and

the assumption that only a selected part of the leukaemic cell population

harbours complete infectious SiSV. Evidence for incomplete provirnr inte-

gration has been described for host cell integrated prophages., repre-

senting about one half of the complete phage genome {Fischer-Fantuzzi and

Calef, 1964). In the "higher" animal model, some recent evidence for the

partial integration of provirus into host cell DNA was presented by Shev-

lyaghin et al. (1977). Inoculation of adult rats with the avian Rous sar-

coma virus (RSV) results in the induction of different kinds of tumours.

Interesting tumours were those which did not contain infectious sarcoma

virus. Fusion of these tumour cells with chicken embryo cells resulted in

rescue of the sarcoma genome. However, rescue of the RSV genome was not

successful in one group of tumours. These tumours were negative for viral

antigens and there were no detectable antiviral antibodies in rats bearing

these tumours. These animals with viral induced tumours are extremely in-

teresting because of their possible relevance to the human situation.

Using the technique of nucleic acid hybridization, Svoboda et al. (1977)
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detected less than 50 % of the genome sequences in an KSV-induced mouse

tumour cell line [unfortunately no data were available on whether the

transformation specific (src) sequences were present in these cells]. Ap-

parently partial integration of an retroviral genome and the establishment

and/or maintenance of a transformed cell state can occur.

7.2.2. Viral antigens and antiviral antibodies

In general, viral induced tumours contain viral structural proteins.

Exceptions to this have been described, e.g., tumours induced by the mouse

sarcoma virus (MSV) in hamsters and guinea pigs do not release infectious

virus nor do they contain viral antigens (Huebner et al.» 1966; Rhim et

al.r 1976). However, the sarcoma cells do contain a rescuable, replica-

tion-defective sarcoma virus genome. An explanation for this phenomenon

could be that the MSV helper virus can enter the cells, but that there is

a block for integration of the helper virus genome. This implies that the

tumours arose by outgrowth of single MSV-transforraed cells.

Cells transformed ia vitro can also show low or nonexistent levels of

viral RNA expression (Deng et al., 1974; Peebles et ai., 1976b). Thus, it

is theoretically possible that some human tumours are composed of viral-

transformed "nonproducer" cells. This is not very likely, however because,

in that case, proviral sequences should still be detectable in the tumour

cells (provided of course that the nucleic acid hybridization probe em-

ployed is representative for the unknown virus).

Another way to explain the absence of detectable viral markers is by as-

suming that only a small population of cells harbours DNA provirus and

viral proteins. In that case, viral footprints cannot be detected in, for

instance, leukaemic spleen tissue. This hypothesis implies that either the

majority of leukaemic cells are intrinsically normal (they are "reactive"

cells) or that most proviral sequences are lost from the chromosomes of

the leukaemic cells during the process of oncogenesis (for a discussion on

this subject, see also Gallo et al.f 1977). At the moment, there are no

additional arguments in favour of one or the other theory.

The absence of detectable viral proteins in human tumour cells is re-

flected in the absence of antiviral antibodies in human sera. Sera of ani-

mals exogenously infected with a retrovirus ace either viraemic (antigen-

aemic) or contain antiviral antibodies (Kawakami et al., 1978). Even endo-

genous viruses can provoke a humoral immunity in their natural hosts,

e.g., ecotropic mouse viruses (Nowinski and Kaehler, 1974; Ihle and Lazar,

1977) and xenotropic baboon viruses (Weislow et al., 1976).

The fact that human sera in general are negative for antiviral antibodies

(when rigid criteria are applied) suggests thai either retroviruses are

not ubiquitous in the human population or that yet unknown mechanisms play

a role in the apparent absence of detectable antibodies. Mechanisms which
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can theoretically explain the lack of detectable immune responses are

rare. At least man can mount an immune response to type C viruses. Inocu-

lation of formalin inactivated Rauscher murine leukaemia virus (R-MuLV) in

melanoma patients led to the formation of high titres of antibodies di-

rected against the major internal structural pqlypeptide (p30) and the en-

velope glycoprotein (gp70) (Hersn et al., 1974; Charmah et al., 1975).

A natural defence mechanism for horizontal virus transmission has been

considered to explain the absence of virus and antibodies in human sera.

Sera from normal primatesf including man, have the capacity \o inactivate

by lysis a number of retroviruses, among which are avian myeloblastosis

virus, FeLV, MuLV, SiSV and gibbon ape leukaemia virus (GALV) (Welsh et

al., 1975). The mechanism of viral lysis is complement-dependent (Cooper

et al.f 1976) and a role for antibody in this process could not be found.

This inactivation was evidenced by the release of reverse transcriptase

and high-molecular-weight RNA from the internal virus cores and by the

loss of biological activity (focus formation and XC cell plaque forma-

tion). Sera from lower animals such as chickens and rodents do not contain

this lytic activity.

However, Gallagher et al. (1978) found that the retrovirus lytic activity

present in gibbon sera does not necessarily protect against infectious

transmission of GaLV. Despite the presence of lytic activity in gibbon

sera, these animals can be viraemic or can have antibodies. It is reason-

able to assume that, if retroviruses do infect man, the findings in the

gibbon ape also apply to man.

It should be emphasized that the absence of virus expression in human

leukaemia cannot be taken to argue against a viral etiology of this di-

sease in man. Although in a few species among which cattle, cats and gib-

bons overtly expressed viruses are associated with leukaemia, these ani-

mals are exceptions rather than the rule. In many other species a viral

etiolr • of leukaemia has not yet been found and species with known virus-

assoc. ' ?d leukaemias also have other forms of leukaemia in which viruses

are apparently not involved. For example, the spontaneous lymphomas from

younger cats frequently show significant levels of feline leukaemia virus

(FeLV) gene expression (viral RNA and major structural protein, p30),

whereas no FeLV expression is detectable in the vast majority of the lym-

phomas in older cats (Niman et al., 1977). This could mean that viruses

are not at all involved in the etiology of the "virus-free" neoplasms. On

the other hand, it is quite possible that expression of the viral genome

is a rare event in many naturally occurring vlraliy induced neoplasms. For

obvious reasons, in tumour virology, only those models in which excessive

virus production can be observed have been studied ir\ extenso. Thus, it

would be important to investigate viral systems in which virus expression

occurs less overtly.
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7.3. IRRADIATION INDUCED LYMPHOMAS

A probably . more suitable animal model is provided by the X-irradi-

ation - induced lymphomas in mice. Fractionated doses of irradiation result

in a high incidence of thymic lyraphomas in susceptible mice after about 6

to 12 months (Kaplan arid Brown, 1952). From such irradiation induced lym-

phomas, virus isolates which upon injection into newborn mice again caused

thymic lymphomas have been obtained (Gross, 1959? Lieberman and Kaplan,

1959). Thus, it was hypothesized that irradiation activated latent onco-

genic endogenous viruses, which caused the primary lymphomas. However,

with the technique of nucleic acid hybridization, viral RNA could not be

detected in the tumour cells nor were viral proteins found in tumours on

radioimmunoassay {Ihle et al., 1976b). These results are inconsistent: al-

though infectious viruses can be isolated from the induced tumours, virus

expression is nill. Therefore, it seems that viruses can be isolated oc-

casionally from the X-irradiation induced lymphomas and, although these

viruses are oncogenic, they are probably hot involved in the induction of

the primary tumours. On the other hand, there are still arguments in

favour of a role of viruses in X-ray-induced lymphomas, e.g.: 1) a tran-

sient virus expression is observed after irradiation during the early

stages of the disease (Baas, 1977); and 2) vaccination of young mice with

a nonleukaemogenic virus can protect against a subsequent challenge with

X-rays (Lieberman and Kaplan, 1977). Similar findings were reported by

Peters et al. (1977). Inoculation of inactivated MuLV provoked immunity to

endogenous type C virus and led to prevention of radiation lymphomas.

Nevertheless, there is, for yet unknown reasons, no influence of the na-

tural humoral immune response on the development of radiation lymphomas;

regardless of the presence of antiviral antibodies, the lymphoma inci-

dences are high (Ihle et al., 1976a). The fact that antiviral antibodies

are not protective against virus-induced tumour development in a natural

situation is also encountered in another system. Antibodies to the mouse

mammary tumour virus in mouse sera are correlated with the incidence of

mammary tumours and mouse strains with the highest tumour incidence are

the strains with the highest antibody levels (Ihle et al., 1976c).

The parallels between irradiation induced lymphomas in mice and leu-

kaemias in man are obvious: 1) lack of overt virus expression; 2) lack of

sero-epidemiological evidence; and 3) infrequent isolation of infectious

type C viruses.

What can be learned from this model is that tumour induction can follow

unpredictable pathways and that viruses may play a role in a manner quite

distinct from that found in, for instance, the AKR mouse. Besides this, it

is shown by the radiation thymic lymphoma model {Haran-Ghera, 1977; Kap-

lan, 1977) and other models of virus induced neoplasia (Nandi and McGrath,

1973) that tumour induction is not a single-hit event, even when viruses

are involved. Tumour formation is rather the result of a complex inter-
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action of, e.g.: 1) viruses; 2) environmental influences (irradiation);

3) genetic constitution (virus host range; target cell susceptibility to

transformation); 4) immunologic competence; 5) hormonal constitution; and

6) age and sex. of the host.

7.4. ONCOGENICITX OF HUMAN VIRUSES

The assessment of a viral etiology of human leukaemia involves, among

other things, the detection and isolation of the virus and demonstration

of oncogenicity in its natural host. For obvious reasons, the latter cri-

terion cannot be fulfilled in humans. Tumour induction in animals and J_n

vitro transformation of human target cells with putative human oncogenic

agents are the appropriate experiments. However, a few examples may show

that final proof for oncogenicity of a virus in its natural host is ofter

difficult to obtain. This problem is especially encountered in the case of

Epstein-Barr_ virus (EBV) which is thought to induce African Burkitt's lyra-

phomas in man. EBV can transform human cells iji vitro (Yata et al., 1975)

and is oncogenic for primates (Falk et al., 1976). Probably, under natural

conditions, this virus is only oncogenic for man when special environment-

al conditions are provided (de-ThS et al., 1978). However the most convin-

cing evidence for the supposed etiological role of EBV in the development

of Burkitt's lymphomas would be obtained by prevention of the disease with

specific vaccines (Epstein, 1978).

The monkey herpes viruses, H. saimiri and H. ateles are not oncogenic for

their natural hosts, respectively, squirrel and spider monkeys, but cause

lymphomas in other monkey species (Laufs and Melendez, 1973; Ablashi et

al., 1971). Human adenovirus type 12 can produce solid tumours upon inocu-

lation into newborn hamsters (Trentin et al., 19G2) but is not found to be

associated with cancer in man. As far as our own work is concerned, the

cocultivation procedures finally resulted in the isolation of a putative

human type C virus which did not transform cells _in vitro but which caused

haemopoietic neoplasms in rats. The lack of capacity to transform cells in

vitro is, however, a normal characteristic of "leukaemia" viruses. Recent

results in our laboratory show that the woolly monkey sarcoma-leukaemia

virus complex can induce histiocytic sarcomas in rats and that the woolly

monkey leukaemia (helper) virus alone induces haemopoietic tumours in rats

(Nooter and Zurcher, to be published). The demonstration of leukaemoganic

activity of the SKA21-3 virus and the woolly monkey leukaemia virus sug-

gests that these viruses can play a role in the development of human leu-

kaemia.
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7.5. ORIGIN OP PDTATIVE HUMAN VIRUSES

Animal species with which man is in close contact, e.g., cats and

cattle, suffer from horizontally spread oncogenic type C viruses. Virus

infected cats and cows thus provide a substantial reservoir of type C

viruses in man's environment and, as interspecies transfer of retroviruses

can occur, bovine and cat lyntphosarcomas have been considered as possible

human health hazards (McClure et al.f 1974}. Seroepidemiologic studies

were initiated to identify antibodies against the bovine leukaemia virus

(BoLV) in sera of farm families, farm employees and veterinarians. How-

ever, all sera tested in one study, including those of th,e 200 controls,

were negative for antibodies to BoLV (Donham et c'l., 1977). In another

study more than 2000 human sera, including sera from laboratory workers

and patients with malignancies, were screened for antibodies and FeLV pro-

teins (Krakower and Aaronson, 1978b). Again, there was no evidence of FeLV

infection in man.

Several (mostly unpublished) claims have been made of the detection of

presumed human viruses. After more thorough studies, these viruses ap-

peared to be mouse type C viruses. Xenotropic mouse viruses can propagate

in human cells. Thus, there is still the remote possibility that these

presumed human viruses did not arise by laboratory contamination but were

indeed associated with the human tumours under investigation (Weiss,

1975).

Until now, the two primate viruses, SiSV and BaEV, repeatedly appear

in studies on viral involvement in human neoplasia. These viruses are

exogenous for man, which would imply that, for instance, the endogenous

baboon virus must have left its host of origin and spread horizontally in

the human population. Indeed, interspecies transmission of type C genes

has been postulated (Todaro, 1975). A few species of the genus Felis con-

tain tho endogenous RD114 virus. However, homologous sequences are present

in cellular DNA of all Old World monkeys and apes, suggesting that an en-

dogenous primate virus became a horizontally spread infectious virus that

has accidentally been integrated into the germ line of an ancestor of

modern cats. Actually, it is thought that all exogenous viruses have been

developed from endogenous virogenes through an intermediate form, with or

without interspecies transfer (Gillespie et al., 1975).

For SiSV, which is also exogenous for woolly monkeys, the situation is

quite different from that of the baboon virus. At least, there is no

reason to believe that SiSV is a woolly monkey virusi 1) only one SiSV

isolate is known; and 2) no viral footprints are found in other woolly

monkeys (Wong-Staal et al., 1975; Kawakami et al., 1978). Besides this

SiSV proviral sequences are not present in normal or malignant cellular

DNA in other New and Old World monkeys and apes, nor are other viral
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markers found. An exception is the gibbon ape, with its exogenous gibbon

ape leukaemia virus (GALV) which is closely related to SiSV. This suggests

that, in fact, the gibbon ape is the natural host for SiSV. However, anti-

bodies directed to GALV have been found predominantly in gibbons which are

exposed to intensive contact with man (Kawakami et al., 1978). Thirty per

cent of the zoo animals examined, 60 per cent of the pet gibbons and zero

per cent of the gibbons housed at institutions had specific antiviral an-

tibodies. Thus, it is more likely that SiSV-GALV related viruses are hori-

zontally spreading human type C viruses.

Finally, mice are considered as the original species in which the SiSV-

GALV related viruses once were endogenous. Nucleotide sequence homology

has been found for SiSV and laboratory mouse (Mus musculus) DNA (Wong-

Staal et al., 1975). As most gibbon viruses have been obtained from ani-

mals living under natural conditions in South-Bast Asia, a search was made

for related viruses in Asian murine species. Indeed, an endogenous xeno-

tropic type C virus has been isolated from the South-East Asian murine

species M. caroli (Lieber et al., 1975). This virus is immunologically

(reverse transcriptase, and p30) closely related to SiSV and GALV. Appa-

rently, viruses of the SiSV-GALV group originated in Asian mice and subse-

quently entered primates. Paradoxically, the xenotropic and ecotropic H.

musculus viruses show a greater extent of homology (maximally 21 and 17

per cent) to the genomes of woolly monkey and gibbon ape viruses than does

the M^ caroli virus (maximally, 6 and 13 per cent) (Benveniste et al./

1977).

7.6. VIRAL ETIOLOGY OF CHILDHOOD LEUKAEMIA

From the work presented in the previous Chapters, it seems that viral

footprints are more easily detected in children than in adults. To arrive

at a working hypothesis for the involvement of an exogenous virus in

childhood leukaemia, one has to consider the following items: 1) contagi-

ousness of a viral disease; 2) virus reservoir and route of transmission

of a putative human type C virus; and 3) viral markers in the'leukaemic

cells and antiviral antibodies in the sera. A discussion of these subjects

followed by a working hypothesis is given below.

At the moment, there is no good evidence for a contagious character of

childhood leukaemia. This is not in contradiction with a possible viral

etiology ot childhood leukaemia: a) when the viruses are widespread among

the human populations; and b) when the development of leukaemia is a com-

plex, multifactorial phenomenon. These facts are encountered in the Afri-

can Burkitt's lymphomas. These tumours are endemic in certain areas of

Africa and are eaused by the ubiquitous Epstein-Barr virus, in association

with, among other things, environmental cofactors (de-ThS et al., 1978).
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Virus transmission from parent to offspring (vertical) and from in-

dividual to individual (horizontal) require abundant virus production.

Sources of virus with regard to transmission are rather restricted: sali-

vaf milk, urine, faeces, sperm and placenta. In the cat, saliva proves to

be the sole source of virus (Frannis et al., 1977). In gibbon apes, how-

ever, urine and faeces are the main sources of virus excretion (Kawakami

et al., 1977). Exogenous murine leukaemia viruses are transmitted mainly

via milk (Law and Moloney, 1961). Obviously, the route of transmission in

man is unpredictable. Besides indirect evidence for congenital transmis-

sion, there is at present absolutely no direct proof for any horizontal or

vertical spread of putative human viruses along the aforementioned possi-

ble routes of transmission.

In mammals, most work on transmission of exogenous viruses is done in

the mouse mammary tumour virus (HuHTV) system. The common route of extra-

chromosomal vertical transmission of MuMTV in the female mouse is via the

mother's milk. Although biologically active MuMTV can be found in placen-

tas of high-cancer strain (Miihlbock et al., 1952), only a few reports sug-

gest intrauterine HuHTV transfer (Fekete and Little, 1942). In mice, ex-

trachromosomal male transmission of MuMTV has also been described (Bittner

and Frantz, 1954; Bentvelzen, 1968). Vasectomized male mice were shown to

transmit the virus to females, demonstrating that is the seminal fluid

which contains the virus and not the spermatozoa. Nevertheless, reports on

direct ^n utero infection of the offspring by the male mouse are rare

(Andervont, 1963). Thus, in analogy to the MuMTV model, direct in utero

infection of human embryos with viruses is not very likely. Nevertheless,

there are indications for vertical extrachromosomal transmission in man.

Human embryo cells (Panem et al., 1975) and placental tissues (Sawyer et

al., 1978) were found to be positive for proteins cross-reacting with exo-

genous type C viruses in immunofluorescence assays.

Another aspect of congenital virus transmission is germline integra-

tion of exogenous viruses, a mechanism by which exogenous viruses can be-

come endogenous. Studies by Jaenisch (1976) have shown that mouse preim-

plantation embryos are rather resistant to germline integration by exo-

genous murine leukaemia virus. Nevertheless, newborn gibbons from viraemic

mothers show GALV proviral DNA sequences in nontarget tissue (muscle)

(Kawakami et al., 1978). It is not known whether congenital transmission

in this case resulted in germline integration of GALV. Remarkable is the

fact that SiSV-related proviral DNA sequences have been found in a patient

with an osteogenic sarcoma. However, these proviral sequences were not

found in the tumour, but in the liver (Prochownik and Kirsten, 1976).

The absence of viral markers in human leukaemio cells has already been

discussed in this Chapter. In fact, the lack of detectable proviral se-

quences in leukaemic cell DNA is the most puzzling and can be explained

(see also Gallo et al., 1977), for instance,by partial provirus integra-
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tion, by the loss of provirus due to the chromosomal rearrangement often

found in leukaemia cells or by a reactive nature of the leukaemic cell

population. The latter assumption implies that the normal haemopoietic

cell regulating mechanism is somehow affected by viruses. The possibility

of the use of inappropriate "probes" (that is, probes of the known animal

viruses), which results in missing the unknown human viruses, can apply,

but cannot explain the absence of detectable SiSV provirus in patient HL-

23 (Reitz et al., 1976). It is not possible at the moment to chose for one

or the other above-mentioned theories.

The majority of human leukaemic cells does not express viral antigens.

The same is found for irradiation induced lymphomas in mice. Since the

products of the putative viral one-gene have not been fully identified,

their participation in physical carcinogenesis is quite possible. Another

interesting model in this respect is the cat leukaemia model. A high per-

centage (50-70 per cent) of free roaming adult cats in urban areas has

antibodies to an antigen (FOCHA-Feline Oncornavirus Associated Cell Mem-

brane Antigen) associated with the feline leukaemia virus (Jarrett, 1976).

This antigen is distinct from the structural proteins of this virus, but

is probably virus-coded (Stephenson et al., 1977). It is associated with

oncogenic transformation and may represent the one-gene product of the

feline sarcoma-leukaemia virus group (Sliski et al., 1977), comparable to

the recently described one-gene product of Rous sarcoma virus (Brugge and

Erikson, 1977). This would suggest: a) that many cats are exposed to vi-

ruses of this group; and b) that xmmunosurveillance plays a significant

role in the control of the disease, since only a very few of such cats

develop leukaemias or sarcomas (Essex et al., 1975). Antibodies to FOCHA

occur separately from those directed against the major envelope glycopro-

tein gp70 (Essex and Lamon, 1976). In analogy with this model, it is pos-

sible that human leukaemic cells contain such a nonvirion antigen which is

coded for by putative human type C viruses.

At present, there is no reasonable explanation for the lack of anti-

viral antibodies in human sera. This represents a weakness in any theory

of a viral etiology of human leukaemia. Nevertheless, an (incomplete)

working hypothesis on a viral etiology of childhood leukaemia could be as

follows:

Type C retroviruses, exogenous for man, are transmitted from parents to

offspring. This extrachromosomal, congenital transmission takes place iji

utero, either transplacentally or via seminal fluid. Somewhere during em-

bryogenesis haemopoietic cells can become transformed and are then subject

to immunological control mechanisms. Escapes from control can lead to leu-

kaemia.

Optimistic supporters of the idea of a viral etiology of human leukae-

mia often argue that in fact a comparable situation was once envisaged for

EBV, which is accepted nowadays to be a human cancer virus. However, the
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two situations are not comparable. In the case of EBV, tumour formation

finally appeared to develop along known pathways. For almost all African

Burkitt's lymphomas, a close association with EBV has been found. The

tumour cells carry the viral genome and contain virus-coded antigens and

sera of Burkitt's lymphoma patients have high titre antiviral antibodies

(for a review on the relation EBV-Burkitt's lymphomas, see Gunven, 1975).

In contrast, in the case of a viral etiology of adult leukaemia in man,

the putative human RNA tumour viruses are apparently not associated with

the tumour cells in a manner described for the available animal models.

Therefore, some animal models, for instance the irradiation induced thy-

mic lymphomas in mice, deserve new experimental approaches.

Further progress with regard to the question as to whether SiSV is as-

sociated with childhood leukaemia would be achieved with answers to the

following questions: 1) is the virus widespread in the human population??

2) do the leukaemic cells contain any viral footprints?; 3) what is the

mode of transmission of the virus?; and 4) is there any immunological res-

ponse to the virus?, if not, why.

Such answers are needed not only for theoretical reasons, but may be

important for prophylaxis and therapy of the disease. Besides this, subse-

quent steps could be the unraveling of a possible interplay of human vi-

ruses with environmental factors, such as radiation, in the origin of

human leukaemia.
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SUMMARY

I

Type C RNA tumour viruses are associated with neoplasms of the haemo-

poietic organs in several vertebrate species. Such viruses have also been

isolated from two primate species: woolly monkey (simian sarcoma - leu-

kaemia virus, SiSV) and gibbon ape (gibbon ape leukaemia virus, GALV). In

addition, infectious type C viruses of unknown oncogenic potential have

been recovered from baboons (baboon endogenous virus, BaEV). In contrast

to the baboon type C viruses, SiSV and GALV are exogenous. That is, their

genetic information can be acquired by the host cell genome in the form of

integrated proviral DNA as a result of horizontal transmission. It is as-

sumed that at least some neoplastic diseases of man are caused by type C

retroviruses. During the past years, this hypothesis has been substanti-

ated by publications dealing with the "biochemical" presence of type C

viruses in man. Even the isolation of type C viruses from normal and neo-

plastic human biopsies in tissue culture has been reported. Chapter I ex-

tensively reviews type C RNA tumour viruses in general, the primate type C

viruses and the search for human viruses.

The technique of cocultivation of human leukaemic bone marrow with

substrates suitable for virus replication in combination with biological

and biochemical methods for the detection of retroviruses is essential in

our studies on the detection of human viruses. The cocultivation procedure

was utilized because it provides an increased contact between target cells

and presumed virus-containing cells over an extended period of time.

Chapter II is concerned with the experimental procedures used in our

studies on the detection and characterization of presumed human viruses.

These include cell culture techniques, biological and biochemical assays

for type C leukaemia and sarcoma viruses and serological techniques for

the characterization of leukaemia viruses.

The XC cell cytopathogenicity assay for the detection of putative

human viruses is discussed in Chapter III. Leukaemia viruses can be ti-

trated in the classical XC test. Virus transmission on susceptible target

cells induces giant cell syncytia in a subsequent rat XC cell overlay.

This classical XC test had to be adapted to the use of haemopoietic cells

and was evaluated in an animal model. In the adapted XC test, virus-in-

fected bone marrow cells are plated over an XC cell monolayer. From the

results obtained with murine leukaemia virus-infected mice, it became ap-

parent that: 1) the adapted XC test is reliable and sensitive; 2) rela-

tively small numbers of test cells are needed; and 3) in the case of

virus-induced leukaemia, bone marrow seems to offer a suitable tissue for

cocultivation with XC cells and the subsequent quantification of virus-

infected cells.
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In the other experiments described in Chapter III, aimed at the de-

tection of putative human leukaemia viruses, bone marrow of normal indi-

viduals and patients with a variety of haemopoietic disorders was as-

sayed in the adapted XC test. Induction of syncytia was found in one case

of childhood leukaemia. The XC cultures which showed a positive cytopatho-

genic effect also released type C particles, as revealed by electron

microscopy. The establishment of good virus producer lines, even after

transmission to secondary cells, was not successful. Nevertheless, it

could be shown that the putative human virus was at least antigenically

related to SiSV.

In Chapter IV, cocultivation experiments which were performed with the

fetal dog thymus cell line A7573 instead of rat XC cells are described.

Human bone marrow of leukaemic patients, nonleukaemic patients and normal

individuals was cocultivated with A7573 cells. These cocultures were

screened for retrotfirus antigens by means of the indirect cytoplasmic im-

munofluorescence assay (IFA). Rabbit antisera against the major structural

protein (p30) of SiSV and against purified Rauscher murine leukaemia virus

were used. After two to three months in culture, 6 of 17 cocultures de-

rived from leukaemic patients showed positive staining in the IFA with the

anti-simian virus serum. Five of these 6 positive cultures were derived

from leukaemic children. One of 12 cocultures of the nonleukaemic groups

and one of 9 normal bone marrow cocultures were positive with the simian

virus antiserum. None of the 38 cocultures stained positive in the IFA

with Rauscher virus antiserum. It was shown by absorption experiments that

the positive IFA results were virus-specific. These results provide evi-

dence that SiSV related information was present in the original bone mar-

row samples and that cocultivation with permissive mammalian cells enabled

the detection of viral footprints.

Quantitative assays based on the defect in the murine sarcoma virus

(HSV) genome have been developed for leukaemia viruses. In Chapter V, we

applied MSV transformed rat "nonproducer" (K-NRK) cells in order to detect

human "helper" viruses in a coculture of dog thymus cells with bone marrow

of a leukaemic child. The replication defective HSV was rescued from the

K-NRK cells and the resulting HSV pseudotype with the presumed human hel-

per virus induced foci of transformed cells in various mammalian cell

lines. One clone (SKA21-3) of rabbit cornea (SIRC) cells transformed by

such a pseudotype rescued from nonproducing K-NRK cells proved to be a

good producer of type C virions. Electron microscopy of thin sections of

SKA21-3 cells showed typical budding and mature type C particles. Viruses

released in the SKA21-3 culture fluids had a buoyant density of approxi-

mately 1.16 g per ml, which is typical for type C viruses.

The supernatant of SKA21-3 cultures contained 10 3 to 104 focus forming

units and approximately 10 5 XC plaque forming units per ml. There was an

excess of helper virus, the ratio being 1 : 100. The serological relation-
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ship of the SKA21-3 viruses to other mammalian type C viruses was assessed

by focus formation neutralization tests, indirect cytoplasraic immunofluor-

escence tests, the Sepharose bead immunoassay and inununoelectron micro-

scopy. Kith all four techniques, the SKA21-3 viruses appeared to be close-

ly related to SiSV in both internal and/or envelope proteins.

The oncogenioity of the SKA21-3 viral isolate is reported in Chapter

VI. Two types of experiments were performed: 1) inoculation of SKA21-3

cells producing the MSV pseudotypes plus helper virus; and 2) inoculation

of cells producing the presumed human helper virus alone.

The HSV genome was eliminated from the SKA21-3 virus stock by incubation

of human rhabdojnyosarcoma (A204) cells with a high virus dilution (10~&).

After a few generations, this culture, referred to as A204(SKA), began

to produce type C virions as detected by electron microscopy, reverse

transcriptase activity and XC-plaque formation. No foci of transformed

cells were induced upon inoculation of A204(SKA) supernatant onto rabbit

SIRC and rat embryo cells.

SKA21-3 and A204(SKA) cells were inoculated subcutaneously into newborn

BALB/c mice and newborn HAG/Rij rats. None of the BALB/c mice developed

signs of disease upon injection with either SKA21-3 or A204(SKA) cells.

This is in agreement with our findings on the _in vitro host range of the

S«G\21-3 viruses. However, newborn rats inoculated with SKA21-3 cells

developed typical MSV lesions after 1 to 4 months (angiomatous fibrohis-

tiocytic sarcomas at the inoculation site and elsewhere in the body) and

enlarged erythroblastic spleens accompanied by severe anemia. Also a

variety of malignant neoplasms of haemopoietic tissue origin was ob-

served.

Five to 9 month? after inoculation of A204(SKA) cells, rats developed

haemopoietic neoplasms. The majority of these were diagnosed as lympho-

blastic lymphomas with a leukaemic involvement of the peripheral blood.

These lymphomas caused severe enlargement of the lymph nodes. Ho fibrohis-

tiocytic tumours, as seen in rats injected with SKA21-3 cells, were ob-

served in these rats injected with the helper virus-producing A204(SKA)

cells. SiSV-related type C viruses could be recovered from sera and tissue

specimens of diseased animals from both groups, indicating that the ob-

served lesions were most likely due to virus released by the inoculated

SKA21-3 and A204(SKA) cells.

In Chapter VII, our experimental results are discussed in a broad

context. The following items are discussed: putative human endogenous and

exogenous viruses,' the origin of the putative human exogenous viruses

(SiSV and BaEV) and a comparison with the available data on human leukae-

mia with the mouse irradiation induced thymic lymphomas. It is attempted

to give explanations for inconsistent results: the absence of proviral

sequences in human leukaemic cell DNA, antiviral antibodies and viral
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antigens and, on the other hand, the isolation of SiSV and BaEV related

type C viruses from human biopsies. Finally, a model for viral etiology of

childhood leukaemia is postulated.
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SAMENVATTING

C-type KHA tumocvirussen zijn geassocieecd met neoplastische aandoe-

ningen van de bloedvormende organen in verschillende gewervelde dier-

soorten. Dergelijke virussen zijn ook geisoleerd uit twee verschillende

apesoorten: het wolaapje, met het wolaap sarcoom-leukemievirus (SiSV) en

de gibbon met het gibbonleukemievirus (GALV). Bovendien zijn C-type virus-

sen geisoleerd uit bavianen (het endogene bavianenvirus, BaEV). Enige on-

cogene werking van dit virus is niet bekend. In tegenstelling tot het ba-

vianenvirus, zijn het wolaap-en gibbonvirus exogeen, d.w.z. hun genetische

informatie wordt verkregen door het gastheercel-genoom in de vorm van een

geintegreerd proviraal DNA als gevolg van horizontale overdracht.

Het is logisch te veronderstellen dat tenminste enige vormen van kan-

ker bij de mens veroorzaakt worden door C-type RNA tumorvirussen. Geduren-

de de laatste jaren wordt deze hypothese gesteund door publikaties over de

biochemische aanwezigheid van C-type virussen in de mens. Zelfs is de iso-

latie beschreven van dit type virus uit in kweekgebrachte biopsieen van

normale individuen en neoplastische patienten.

In hoofdstuk I worden de C-type RNA tumorvirussen uitvoerig besproken

alsmede de C-type virussen geisoleerd uit apen en het onderzoek naar moge-

lijke C-type virussen bij de mens.

In hoofdstuk IT worden de experimentele procedures beschreven die in

ons werk gebruikt werden voor de opsporing en karakterisatie van mense-

lijke virussen (b.v. celkweektechnieken, biologische en biochemische

bepalingsmethoden voor C-type leukeraie- en sarcooravirussen en serologische

technieken).

Het gebruik van de z.g. XC eel test voor de opsporing van mogelijk

menselijke C-type virussen wordt beschreven in hoofdstuk III. Met behulp

van de klassieke XC test kunnen C-type leukemievirussen getitreerd worden.

Deze test moest worden aangepast voor het gebruik van beenmerg en dit werd

geevalueerd in een diermodel. In onze aangepaste XC test worden virus-ge-

infecteerde beenmergcellen uitgezaaid over een XC eel onderlaag in plaats

van virus-geinfecteerde fibroblasten. De resultaten verkregen met C-type

leukemievirus geinfecteerde muizen tonen duidelijk aan dat: 1) de test

betrouwbaar en gevoelig is; 2) betrekkelijk kleine hoeveelheid testcellen

nodig zijn in de test; en 3) in het geval van virus-geinduceerde leukemie

beenmergcellen een geschikt substraat lijken te zijn voor gebruik in de XC

test.

De andere experimenten beschreven in hoofdstuk III zijn er op gericht

virussen te ontdekken in menselijk beenmerg. Slechts SSn beenmergspecimen

van een leukemisch kind, vertoonde een positieve XC test. Tevens werd met

het electronenmiciroskoop C-type virussen gevonden in het supernatant van
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f. deze positieve XC oelkweken. Het bleek niet mogelijk om goede virus produ-

r cerende lijnen te maken. Desalniettemin kon worden aangetoond dat het ver-

'.: onderstelde menselijke virus verwant was aan het wolaapvirus.

j In hoofdstuk IV worden kweekexperimepten beschreven met een hondecel-

I* lijn (A7573) als doelwitcel in plaats van de ratten XC lijn. Beenmerg van

r- leukemische patienten, niet-leukemische patienten en gezonde individuen

I: werden samengekweekt met de A7573 cellen. Deze cocultures werden onder-

jj zocht op antigenen met behulp van de indirekte cytoplasmatisohe immuno-

| Eluorescentietechniek (IPA). Konijnenantisera gericht tegen het belang-

£ rijkste interne structurele eiwit (p30) van Sisv en tegen een muizeleuke-

h mievirus werden gebruikt. Na twee tot drie maanden in kweek vertoonden 6

c van de 17 cocultures van leukemische patienten cytoplasntatische fluores-

S?' centie met het antiserum gericht tegen het wolaapvirus. In 5 van deze 6

• positieve kweken was het beenmerg afkomstig van leukemische kinderen. Een

f. van de 12 cocultures van de niet-leukemische groep en §6n van de 9 normale

I'
,' beenmerg cocultures waren positief met het SiSV antiserum. Geen van de 38

j-; cocultures kleurde in de IFA-test met het antiserum gericht tegen het mui-

f: zevirus. Door middel van absorptietesten kon worden aangetoond dat de IFA

^ resultaten virus-specifiek waren. Deze resultaten suggereren dat SiSV-

l1 verwante informatie in het oorspronkelijke beenmerg specimen aanwezig was

h en dat het samenkweken met virus-ontvankelijke cellen de opsporing van

;' virale voetsporen mogelijk maakt.

/ Kwantitatieve bepalingen gebaseerd op het incomplete karakter van mui-

•. zesarcoomvirussen (HSV) zijn voor C-type leukemievirussen ontwikkeld. In

t hoofdstuk V is het gebruik beschreven van HSV-getransformeerde rattecellen

I (K-NRK) voor de opsporing van menselijke "helper" virussen in een coculti-

' vatie van hondecellen met beenmergcellen van een leukemisch kind. Inder-

| daad kon het HSV genoom "gered" worden uit de K-NRK cellen. Het resul-

f: terende pseudotype-deeltje gevorrad door MSV en het veronderstelde mense-

;• lijke helper virus induceerde foci van getransformeerde cellen in ver-

I schillende zoogdiercellijnen. Een kloon (SKA21-3) van konijnencornea

I (SIRC) cellen getransformeerd door een bovengenoemd MSV-pseudotype bleek

I een goede producent te zijn van pseudotype deeltjes en helper virus parti-

| kels. Dit is gebaseerd op electronenmicroscopie, bepaling van het virale

I enzym en bepaling van de hoeveelheid helper virus en transformerend virus.

\ De verhouding pseudotype partikels en helper partikels in het SKA21-3

f weefselkweek supernatant was ongeveer 1 : 100. De serologische verwant-

schap van de SKA21-3 virussen met andere zoogdier type C virussen werd be-

paald met cytoplasmatische immunofluorescentie, de Sepharose bollen immu-

', nofluorescentietest, immunoelectronenmicroscopie en inhibitie van trans-

- formatie. Het behulp van deze technieken werd aangetoond dat de SKA21-3

, virussen immunologisch sterk verwant zijn aan het wolaapvirus voor zowel

' interne als enveloppe eiwitten.
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(••• In hoofdstuk VI wordt de oncogeniciteit van de SKA21-3 virussen gerap-

porteerd. Twee verschillende experimenten werden uitgevoerd: 1) inspuiting

van SKA21-3 cellen, die de HSV-pseudotype deeltjes en het helper virus

producerenj en 2) inspuiting van cellen die alleen het vermeende mense-

lijke helper virus produceren. Voor dat laatste experiment moest het MSV-

genoom geelimineerd worden uit het SKA21-3 virus bevattende supernatant.

Dit gebeurde door eindpunt-verdunning (10~5) op menselijke (A204J cel-

len. Deze kweek [A204(SKAJ] werd een goede virusproducent. Het supernatant

had geen celtransformerende aktiviteit meer, hetgeen suggereert dat het

HSV inderdaad was geelimineerd. Daarna werden SKA21-3- of A204(SKA)-cellen

subcutaan ingespoten in pasgeboren muizen en ratten. Geen van de ingespo-

ten muizen kreeg enige ziekte, hetgeen overeenkomt met iji vitro gegevens

van de SKA21-3-virussen. Echter SSn tot vier maanden na inspuiting van

SKA21-3-cellen ontwikkelden ratten subcutane tumoren. Uit histologisch

onderzoek bleek dat op de plaats van inspuiting en in lymfklieren en milt

angiomateuse fibrohistiocytaire sarcomen aanwezig waren. Vijf tot 9 maan-

den na inspuiting van A204(SKA)-cellen stierven de ratten aan neoplas-

tische groei van cellen van de bloedvormende organen, die merendeel werden

gediagnostiseerd als lymfoblastische lymfomen. De lymfomen werden voor-

namelijk in de lymfklieren gevonden en vaak was er een ^.eukemische uit-

breiding in het perifere bloed. Op de plaats van inspuiting werd geen

fibrohistiocytaire groei gevonden zoals na inspuiting van SKA21-3-cellen.

C-type virussen verwant aan het wolaapvirus konden worden gelsoleerd uit

sera en weefsels van de zieke dieren. Dit wijst er op dat de gelnduceerde

lesies het gevolg waren van virus, geproduceerd door de ingespoten SKA- en

A204(SKA)-cellen.

In hoofdstuk VII worden de resultaten in bceder verband besproken. De

volgende onderwerpen komen aan de orde: menselijke endogene en exogene

C-type virussen, de herkomst van de mogelijk menselijke exogene virussen

(SiSV en BaEV) en een vergelijking van leukemie bij de mens met stralings-

leukemie bij de muis. Verklaringen worden gegeven voor tegenstrijdigheden

in de resultaten, n.l. de afwezigheid van provirus in DNA van menselijke

leukemiecellen en de afwezigheid van virale antigenen en daartegen ge-

richte antilichamen enerzijds en de succesvolle isolatie van C-type virus-

sen verwant aan SiSV en BaEV uit menselijk materiaal anderzijds.

Tot slot is een mechanisme voor een mogelijke virale etiologie van kinder-

leukemie gepostuleerd.
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