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LCM virus infection of cells in vitro*
F. LEHMANN-GRUBE,1 M. POPESCU,2 H. SCHAEFER,2 & H. H. GSCHWENDER 2

Most mammalian cells cultivated in vitro can be infected with lymphocytic choriomenin-
gitis (LCM) virus. In addition to infectious virus, the cells produce antigenic material that
fixes complement in the presence ofantibody and is precipitated by antiserum. Intracellular
antigen can also be demonstrated by the immunofluorescence procedure. When infected cells
are viewed with the electron microscope, viral structures are seen either budding from or in
association with the cell membranes. Immunoelectron microscopy, immunofluorescence, and
cytotoxicity tests reveal virus-specific antigens on the surface of intact cells. Virus
multiplication may be succeeded by cytolysis. Two LCM virus-specific antigens (or
antigenic groups) can at present be distinguished. One corresponds to the infectious virus;
the other is the complement-fixing " soluble " antigen. This extractable complement-fixing
activity is produced by infected cells and is also a structural component of the infectious
virus. It is not represented on the surface of either the virion or the infected cell. The
cytolytic potential ofLCM virus varies and is dependent on its previous passage history.
Cytolytic and " attenuated " variants are able to initiate persistent infection of Mus
musculus.

Together with infectious virus, particles areproduced that temporarilyprotect cells against
standard virus. They appear to be by-products of virus multiplication, not in the sense of
deletion mutants but of virus structures insufficiently equippedfor their own active or passive
replication, though capable of interfering with infectious virus. No evidence has been found
for the generation of " defective interfering " particles, though their presence has not yet
been excluded.

The interaction between lymphocytic chorio-
meningitis (LCM) virus and Mus musculus is re-
garded by many as an outstanding model for study-
ing a number of phenomena of biological and
medical importance, such as persistent virus infec-'
tion, viral interference, immunological tolerance,
and the immunopathology of virus diseases (1).
Nevertheless, there is a disappointing lack of basic
knowledge concerning the underlying principles and
when we ask such fundamental questions as: what is
the nature of the antigen that causes acute LCM
disease in the mouse?, or how is the LCM virus-
specific immune response in the persistently infected
mouse suppressed?, or why does a carrier mouse
develop a chronic disease late in life?, then the
answers must remain fragmentary.

* From the Abteilung Klinische Virologie, Heinrich-
Pette-Institut fur experimentelle Virologie und Immunologie
an der Universitat Hamburg, Federal Republic of Germany.

1 Head, Abteilung Klinische Virologie.
2 Assistant, Abteilung Klinische Virologie.

The discrepancy between the widespread interest
in these questions and our limited understanding
of the underlying principles reflects, we believe, an
imbalance between the efforts directed towards ana-
lysing the biological phenomena and the amount of
work devoted to elucidating those parts of our
model that fall under the heading of molecular
virology. Thus, numerous studies have been and are
being conducted to obtain an understanding of the
immunology of the LCM virus infection; yet only
slow progress has been made in characterizing the
antigens involved. Likewise, we study the persistent
infection of the mouse, but neglect the interaction
between the virus and the individual cell. Because of
this imbalance, experiments made in the past may
turn out to be of little value, and conclusions may
prove to be wrong or, even worse, misleading once
we know more of the virus and its interaction with
the host at the cellular level. Indeed, there is no lack
of examples to illustrate this critical statement, and
we shall discuss one or two of them in this paper.
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Fig. 1. Multiplication of LCM virus, strain WE, in cultivated L cells and fetal cells from outbred SCH and inbred
CBA/Ca, C3H/HeJ, DBA/2, and C57BL/6J mice. Cultures were infected with 103 lD5o (L cell), and after periods
of incubation at 37°C total yields of infectious virus and of complement-fixing antigen were determined in L cell
tube-cultures and on micro-assay plates, respectively. Titres are expressed as Iogio IDso (L cell) and logio antigen
units per culture. Squares and circles denote results from separate experiments. Reproduced from von Boehmer et
al. (3) by permission of the Cambridge University Press, London.
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Fig. 2. Multiplication of LCM virus, strain WE, in L cells. Monolayer cultures were infected with 0.1 IDso (L cell) per
cell, and after periods of incubation at 370C cell-associated infectious virus (closed symbols) and released
infectious virus (open symbols) were titrated in L cell tube-cultures. Under identical conditions, the proportion
of cells with intracytoplasmic virus-specific antigens was determined by immunofluorescence procedures. Differently
shaped symbols represent different experiments.

DEVELOPMENT OF INFECTIVITY

To our knowledge, all types of cultivated mam-

malian cells so far tested have proved infectable by
LCM virus, i.e., they responded with the production
of new virus, although in the case of lymphoid cells
isolated from the blood of mice virus multiplication
occurred only after stimulation with phytohaemag-
glutinin (2). We are interested, of course, mainly in
mouse cells, and Fig. 1 illustrates multiplication of
LCM virus, strain WE, in cultivated L cells and fetal
cells from 1 outbred and 4 inbred mouse strains. The
close similarity of these 6 growth curves is striking.
The conclusion that there are no differences between

them was confirmed by estimating the virus yield per
cell. The mean values for the plateau phases of virus
growth revealed that fetal cells from different mouse
strains have equal ability to support the multiplica-
tion of infectious LCM virus (3).

Multiplication of the virus was studied more
extensively in L cells. As may be seen in Fig. 2, the
production of infectious progeny virus rises steeply
and reaches a first plateau approximately 14 h after
infection. Throughout the growth curve, more infec-
tious virus is associated with the cells than is released
into the medium. The amount of virus a cultivated
cell is capable of making is high. When infectivity is
measured by the most sensitive assay available,
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Table 1. Production of cell-associated infectious virus and cell-associated CF antigen
(ECFA) in L cell monolayer cultures during 10 h after infection with LCM virus, strain
WE, at a multiplicity of one L cell lDso per cell

Yield from 5 cultures (approx. 2 x 107 cells)
Time of

incubation at virus (logio IDso) CF-antigen (ECFA) (logio units)
37'C (hours)

exp. 1 exp. 2 exp. 1 exp. 2 exp. 3

0 _a_ - - < 1.0

0.08 (5min) - 5.95 - < 1.0 -

0.5 - 6.13 - < 1.0 < 1.0

1.0 5.70 - < 1.0 - -

1.5 - 4.89 - < 1.0 < 1.0

2.0 5.41 - < 1.0 - -

2.5 - 5.06 - < 1.0 < 1.0

3.0 5.50 - < 1.0 - -

3.5 - 5.31 - < 1.0 < 1.0

4.0 5.58 - < 1.0 - -

4.5 - 5.13 - < 1.0 < 1.0

5.0 5.20 - < 1.0 - -

5.5 - 4.91 - < 1.0 < 1.0

6.0 5.20 - < 1.0 - -

6.5 - 5.01 - < 1.0 < 1.0

7.0 5.34 - < 1.0 - -

7.5 - 5.06 - < 1.0 1.45

8.0 5.70 - 1.12 - -

8.5 - 6.33 - c 1.0 1.69

9.0 7.09 - 1.69 - -

9.5 - 7.56 - 1.18 1.99

10.0 7.95 - 1.69 - -

a,A dash indicates not tested.

namely by intracerebral inoculation in the mouse,
each L cell produces more than 2000 infectious
units (IU). The yield from fetal cultivated cells
of a variety of inbred mouse strains is of the same
magnitude (3).
The eclipse and latent periods have been analysed

in more detail. As Table 1 reveals, approximately
90% of the initial cell-associated infectivity is lost
during the 1st hour after infection and new infec-
tious virus appears at the 8th hour (1). Similar values
have been measured in numerous experiments and
may be regarded as representative of the eclipse and

latent periods of the infection of L cell monolayer
cultures with LCM virus, strain WE.
For an understanding of the phenomena that

accompany the interaction between LCM virus and
the cell, knowledge of the infectious agent itself is a
prerequisite. Purification to permit structural and
chemical analyses has been a difficult task. Very
recently, this step has been accomplished success-
fully by Gschwender et al. (4). We are now in
possession of a procedure that leads to a remarkable
degree of purity, resulting in virus preparations
containing 1011 IU per mg of protein or more.
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Fig. 3. Double-diffusion test employing extractable complement-fixing activity from various sources and anti-
LCM virus antiserum. Centre: antiserum; 1: ECFA from newborn mice; 2: ECFA from Vero cells (monkey); 3:
ECFA from RK-13 cells (rabbit); 4: ECFA from guinea-pig organs; 5: ECFA from BHK21 cells (hamster); 6:
ECFA from L cells (mouse).

ANTIGEN PRODUCTION

Besides infectivity, the infected cell produces LCM
virus-specific complement-fixing (CF) antigen, for-
merly called " soluble" antigen (5) and designated
by us "extractable complement-fixing activity "
(ECFA). Recent studies in our laboratory (6, 7) have
shown t4at in all probability ECFA is identical with
the antigen that precipitates together with antiserum.
In double-diffusion tests only one line forms, as a

rule. No differences between ECFA prepared from
various sources could be revealed by the Ouchter-
lony method (Fig. 3).
Both infectious virus and ECFA make their ap-

pearance 8 h after infection (Table 1). The same is
true of antigen demonstrable by immunofluores-
cence (Fig. 2). Whereas at the 7th hour not one cell

in an infected L cell culture is positive, 1 h later a
few elements exhibit brilliant fluorescence when
stained with fluoresceinated antiserum (Fig. 4). The
proportion of antigen-containing cells then in-
creases, reaching a maximum at the time when
infectious virus has attained its plateau. Antigenic
material as detected by this method consists mor-
phologically of two types. One corresponds to
ECFA (Fig. 5). It is characterized by coarse brightly
fluorescing granules, which are distributed through-
out the cytoplasm. The other is a fine dust-like
material; its nature has not yet been determined (8).
On the surface of the infected cell, the most

conspicuous feature is the appearance of particles (9,
10) that are generally regarded as representing the
infectious LCM virions. They are released from the
plasma membrane by well-defined budding pro-
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Fig. 4. LCM virus-induced antigen inside L cells, 48 h after infection. Cells were fixed with acetone and stained
with rabbit anti-LCM virus antiserum in combination with fluorescing anti-rabbit 1g antiserum. Dark-field condenser.
Objective x40; ocular x6.3. Photograph kindly supplied by Dr G. Rutter.

cesses. These particles vary in number, size, and
shape. Their interior contains varying numbers of
dense granules, which are said to resemble ribo-
somes, although our pictures show that they are
denser and somewhat larger (10). In addition to
these loosely structured elements, another type of
extracellular particle is found (Fig. 6); it measures
only 50-65 nm in diameter and is denser. In the
centre of such particles one or two granules are
occasionally detected. This type occurs singly in
some instances; it may, however, comprise up to
10% of all visible particles (10).
When the immunoperoxidase method is used to

localize antigen on the surface of LCM virus-in-
fected cells (10), extracellular as well as budding
virus particles are labelled. In addition, antigen is
present in distinct areas of the membrane that are
not otherwise altered (Fig. 7). LCM virus-specific

antigen on the surface of infected cells can also be
visualized by application of the immunofluorescence
technique to unfixed viable cells (8). After infection,
the number of cells carrying new surface antigens
gradually increases and reaches a maximum of ap-
proximately 90% at 48 h (Fig. 8). Cytotoxicity tests
with either antiserum plus complement (8) or lym-
phoid cells from immune mice of the same strain (1 1,
12) are other ways of detecting new antigens on the
surface of LCM virus-infected cells.

PROPERTIES OF THE ANTIGENS

The relationship of the different structures de-
tected morphologically and by the various antigeni-
city tests just mentioned has been only partly estab-
lished. The infectious virion of LCM virus (and of
all other arenaviruses) has not yet been unequivo-
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Fig. 5. Extractable complement-fixing activity inside L cells, 48 h after infection. Fixed cells were stained with
rabbit anti-ECFA antiserum in combination with fluorescing anti-rabbit Ig antiserum. Dark-field condenser. Objective
x40; ocular x6.3. Photograph kindly supplied by Dr G. Rutter.

cally identified. That the particles seen by electron
microscopy budding in abundance from the plasma
membranes of infected cells are virus-specific, no one
can deny. Whether some or all of these structures are
infectious is an open question.
The nature of the antigen against which the mouse

responds immunologically so vigorously that it kills
itself is also unknown. Most likely it is part of the
plasma membrane of infected cells, and our working
hypothesis, according to which it is the budding
virus itself, is supported by some observations. How-
ever, other virus-specific or virus-induced antigens,
comparable with tumour-specific surface antigens on
cells infected with oncogenic viruses, have not yet
been excluded. We are certain it is not ECFA. Part
of the evidence that has led to this conclusion has
already been published (6, 7, 8, 13, 14); more has
been learned recently. ECFA has been concentrated
and partially purified and its biological properties

have been determined (Table 2). It is non-infectious
and by itself nonimmunogenic, but it readily induces
CF antibody when inoculated together with
Freund's adjuvant. ECFA never causes the forma-
tion of neutralizing antibody or protective immu-
nity. Also, inoculation of ECFA boosts pre-existing
CF antibody but not neutralizing antibody. ECFA
does not block the neutralization of infectious virus
by antibody, nor is anti-ECFA antibody capable of
sensitizing infectious virus so that it becomes neu-
tralizable by anti-IgG antiserum. Infectious virus is
not removed from rabbit anti-ECFA antiserum
when the latter is precipitated by anti-rabbit IgG
antiserum.

Provided antisera are employed that contain anti-
bodies against all antigenic constituents of the virus
(anti-LCM virus antiserum), several methods are
available that allow detection and localization of
LCM virus-specific antigen on the surface of infected
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cells (see above). Antigen cannot be demonstrated,
however, either by means of the immunofluorescence
method or by cytotoxicity tests if an anti-ECFA
antiserum is allowed to interact with the intact
infected cell. Absorption of anti-LCM virus anti-
serum with ECFA leads to a marked reduction of its
CF titre and removes its ability to stain ECFA inside
infected cells by means of the immunofluorescence
method. This treatment does not affect the neutraliz-
ing capacity. Conversely, absorption of a serum

directed against all antigenic constituents of the virus

Fig. 6. Electron microscopic visualization of an LCM
virus-infected L cell. A monolayer culture was infected
at a multiplicity of 0.1 lD5o (L cell)/cell and was incu-
bated for 48 h at 370C. Cells were stabilized with 1.7 %
glutaraldehyde in sodium cacodylate buffer and embed-
ded in Epon. Sections were stained with alcoholic
uranyl acetate and lead citrate solutions. Arrows point
to dense forms measuring 50-65 nm in diameter,
which are readily distinguishable from the characteristic
arenavirus particles. Photograph kindly supplied by
Dr K. Mannweiler.

with highly purified infectious virus removes neu-
tralizing antibody but leaves CF antibody behind.

RELATIONSHIP. OF ECFA TO INFECTIVITY

While these results clearly show that ECFA is not
represented on the surface of either the virion or the
infected cell, ECFA is nevertheless part of the virion.
When highly purified infectious LCM virus is dis-
rupted, a CF antigen corresponding immunologi-
cally to ECFA is set free. In double-diffusion tests
this antigen gives a line of identity with ECFA.

Table 2. Biological properties of the complement-
fixing antigen (ECFA) extracted from LCM virus-
infected cells and tissues in comparison with pro-
perties of the infectious virus

Property ECFA Virion

1. Infectivity no yes

11. Immunogenicity

(a) Protection no yes

(b) Antibodies

1. Neutralizing no yes

2. Sensitizing (the virion to neutraliza-
tion and precipitation) no yes

3. Complement-fixing yes yes

4. Immunofluorescing yes yes

5. ECFA-precipitating yes yes

Ill. Inhibition of serologic reactions

(a) Neutralization of virion no

(b) Precipitation of ECFA yes no

IV. Absorption from immune serum

(a) Neutralizing antibody no yes

(b) Complement-fixing antibody yes no
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Fig. 7. Electron microscopic visualization of an LCM virus-infected L cell stained by the indirect peroxidase labelling
procedure. A monolayer culture was infected at a multiplicity of 0.1 1D5o (L cell)/cell and incubated for 48 h at
370C. Cells were treated with rabbit anti-LCM virus antiserum, fixed with formaldehyde, and incubated with peroxi-
dase-labelled anti-rabbit Ig antibody. The complexes formed were stabilized with buffered glutaraldehyde solutions
and diaminobenzidine was added. Cells were then post-fixed with chrome osmium solution, dehydrated, and
embedded in Epon. Sections were stained either with lead citrate only (a) or with lead citrate in combination
with uranyl acetate (b). Photographs kindly supplied by Dr G. Rutter and Dr K. Mannweiler.
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Fig. 8. Demonstration of LCM virus-induced surface antigen on L cells 48 h after infection. Viable (unfixed) cells
-were stained and visualized as described for Fig. 4. Photograph kindly supplied by Dr G. Rutter.

Thus, ECFA appears to be an internal component of
-the infectious LCM virus.
Absence of ECFA from both infectious virus and

infected cells has considerable consequences for our
understanding of the immunological interaction be-
-tween LCM virus and its natural and experimental
host, Mus musculus. Thus, ECFA cannot be held
responsible for the acute disease of the adult mouse,
for the antigen, which is assumed to elicit an immuno-
-pathological response, is undoubtedly located on
the cell surface and not inside the cell. Also, if CF
.antigen is absent from the virion surface, the cor-
.responding antibody cannot be of relevance in its
.elimination from the mouse. Hence, the presence of
CF antibody in LCM virus carrier mice does not
.conflict with the hypothesis that persistence of infec-
tious virus is made possible by virus-specific immu-
-nological tolerance (15). Nor is the simultaneous
.occurrence of infectious virus and CF antibody in

these mice an example of split tolerance, as some
have claimed (16).

INFECTION AND CELLULAR INTEGRITY

It has been said that the cell in which the LCM
virus multiplies remains virtually intact. While this
statement is correct for virus that has established
itself permanently in the mouse after neonatal or
congenital infection, it cannot be accepted in its
most general form. Thus, numerous observations
attest to the ability of the virus to destroy cells
grown in vitro; in particular, permanent cell lines
may be severely affected by LCM virus. Multiplica-
tion of LCM virus in certain mouse organs pro-
foundly influences its behaviour in cell cultures. The
brain, for instance, favours lytic variants, while the
spleen supports the replication of virus that forms
turbid plaques. Selection is not rapid and not abso-
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lute. It may take months of multiplication before a

final state is reached, and even then the number of
characteristic plaques is usually greatly in excess of
the rest but never reaches 100 %. Cloning procedures
may alter the proportions, but with our experimental
conditions no plaque has ever been isolated that
would retain its characteristics upon passage.
While these observations confirm the work done

by Hotchin and his colleagues (17, 18), there is one
exception that deserves to be mentioned. In our

hands, differences of plaque morphology were not
reflected in differences of pathogenic properties;
both clear and turbid variants caused persistent
infection if used to infect newborn mice and led to
disease with signs of neurological involvement and
death if inoculated intracerebrally into adult mice.

ROLE OF INTERFERING PARTICLES

A phenomenon that may be of central relevance
for our understanding of the lifelong persistence of
LCM virus in the congenitally or neonatally infected
mouse is the reduction of infectious yield from LCM
virus-infected cultures, as observed under certain
experimental conditions. Some investigators believe
that " defective interfering " (DI) particles are the
cause (19). Ifwe adopt Alice S. Huang's definition of
DI particles as " viral deletion mutants " that
" 1. contain a part of the viral genome, 2. contain
normal viral structural proteins, 3. reproduce only in
the presence of helper virus, and 4. interfere specifi-
cally with the intracellular growth of homologous
standard virus" (20), then the evidence for their
presence in LCM virus preparations is less than
convincing. In our laboratory, an extensive study of
LCM virus interference and related phenomena is
being conducted. The complexity of the system could
be considerably simplified by the use of a newly
developed technique that allows a direct quantifica-
tion of interfering particles (IP). It is based on the
protection of cells in a monolayer against cytopathic
destruction by a highly cytolytic challenge virus.
" Positive plaques " consisting of islands of intact
cells contrast with the background of a lysed mono-
layer and can thus easily be counted.

IP are considerably more resistant than PFU to
ultraviolet irradiation, a property that makes it
possible to prepare IP free of infectious virus. We
have not yet found a way to achieve the opposite
result, namely virus preparations free of IP. How-
ever, the ratio between infectivity, measured as PFU,
and interference, measured as IP, can be influenced

by the experimental conditions. This enables us to
prepare virus pools containing relatively few IP. It
has thus become possible to study LCM virus IP and
their interaction with both infectious virus and host.
cell. All our data are compatible with the assump-
tion that LCM virus IP are by-products of virus.
multiplication, not in the above sense of deletion:
mutants, but in the sense of virus structures insuffi-
ciently equipped for their own active or passive:
replication yet still capable of interfering with multi-
plication of standard virus.

There is also some evidence indicating that LCM
virus IP are not homogeneous. The formation of
protected plaques, each consisting of many cells,.
makes it obvious that a limited degree of multiplica--
tion with spread from cell to cell is possible (al-
though passage of these cells, either disrupted or
intact, does not lead to the production of viral
material). HOwever, when the number of IP in a.
virus preparation is correlated with a reduction in
the infectious yield of an infected cell culture, signifi-
cantly less virus is consistently produced than would
be expected, which can only be explained by assum-
ing that the majority of IP do not score as positive
plaques. This conclusion is supported by the finding.
that the macroscopically " empty " areas surround-
ing the IP plaques in a previously complete mono-
layer are filled with a loose mesh of single cells that
have escaped cytopathic destruction by the challenge
virus, probably as a consequence of having been
protected by non-replicating IP.

PERSISTENCE OF INFECTION

Our observations essentially confirm and extendi
the work of John Hotchin who, in a series of elegant
experiments, described and analysed the spontane-
ous recovery from LCM virus infection of cells in-
vitro and saw this " shutdown phenomenon " as the
basis of persistent virus infection (21). As would be
expected from Hotchin's data, the same recovery
occurs with whole cultures. Infected cells initially-
exhibit marked cyclical fluctuation of infectious
LCM virus, as has been described previously (22,.
23), and a culture may eliminate the virus, after-
which the cells behave as if they had never before.
had contact with LCM virus.

This spontaneous cure is the exception, however;
as a rule, an equilibrium is attained in vitro compar-
able to the one observed in persistently infected
mice. How is it established and how is it main-
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tained? As already pointed out, LCM virus varies in
its cytopathological potential, and one would expect
that continuous cultivation of infected cells would
exert selective pressure by favouring a virus that
does little harm to the cell it has infected. This is
indeed the case; the virus harvested from established
carrier cultures causes so little CPE as to render
detection by its effects on cultivated cells very diffi-
cult. As a rule, such variants are fully capable of
killing adult mice when inoculated intracerebrally.
In a few instances, however, loss of cytolytic poten-
tial for cells in culture has been found to be asso-
ciated with reduced pathogenicity for the mamma-
lian host (23, 24). Since these " attenuated " variants
also interfere with the multiplication of cytolytic
virus, they may erroneously be taken for DI par-
ticles; in fact, they are standard virus with reduced

ability to destroy cells in vitro. In parallel, interfering
particles are produced, probably by each infected
cell and together with standard virus, and a few of
them are capable of replicating in a limited fashion,
whereas the majority do not multiply at all.
The fate of an LCM virus-infected cell culture is

thus determined by the balance between standard
virus-be it initially cytolytic or not-and interfering
particles, which shield cells from infection, though
only temporarily. Consequently we, too, have come
to the conclusion that DI particles do not play a role
in the maintenance of LCM virus infection (21),
although their presence has not yet been formally
excluded. The suggestion that lysosomal activity is
responsible for elimination of the interfering par-
ticles from the cells they have occupied (25) is an
attractive hypothesis.
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RItSUMIt

INFECTION PAR LE VIRUS CML DE CELLULES CULTIVtES IN VITRO

La majorite des cellules mammaliennes cultivees in vitro
peuvent etre infectees par le virus de la choriomeningite
lymphocytaire (CML). Outre le virus infectant, les cellules
produisent un materiel antigenique qui a la propriete de
fixer le complement en presence de l'anticorps et de
precipiter l'antiserum. On peut egalement montrer la
presence d'antigene intracellulaire par la technique d'im-
munofluorescence. La surface de la cellule est radicale-
ment alteree. Au microscope electronique, les structures
virales apparaissent soit comme un bourgeonnement sur

la membrane cellulaire, soit en etroite association avec

elle. L'immunomicroscopie electronique, la technique
d'immunofluorescence, les epreuves de cytotoxicite re-
velent la presence d'antigenes specifiques du virus sur

la cellule intacte. La multiplication des virus peut etre
suivie de cytolyse.
Le virus infectant peut etre concentre et remarquable-

ment purifie a partir des liquides de culture cellulaire.
Dans I'etat actuel des connaissances, on distingue deux
antigenes, ou groupes antigeniques, du virus CML. L'un
d'eux correspond au virus infectant; 1'autre est I'antigene
s soluble >) de fixation du complement, que nous appelons
<activite de fixation du complement extractible (AFCE).
Les cellules et tissus infectes par le virus CML pro-
duisent 1'AFCE en grande quantite. I1 est egalement un

element de la structure virale, mais n'est pas represente

immunologiquement sur sa surface, pas plus qu'il n'ap-
parait sur la surface de la cellule infectee. Le pouvoir
cytolytique de virus CML varie en fonction de ses pas-
sages anterieurs. Les variants, tant cytolytiques qu'< att&e
nues sont aptes A provoquer l'interaction la plus carac-
teristique entre le virus CML et Mus musculus, c'est-
a-dire l'infection persistante.
En meme temps que le virus infectant - cytolytique

ou non - les cellules produisent des particules interfe-
rantes qui ont le propriete de les prot6ger contre l'infec-
tion par le virus standard. Ces particules ne sont pas
homog'enes et peuvent se classer en deux types au moins;
l'un d'eux reste capable de multiplication, a un degre
limite avec transmission de cellule ia cellule; toutefois la
plupart des particules interferantes ne se reproduisent pas
du tout et ne conferent qu'une protection temporaire aux
cellules qui les hebergent. Rien ne nous permet de les
caracteriser comme des < particules interferantes defec-
tives ). Elles apparaissent plut6t comme les sous-produits
de la multiplication virale, non pas au sens de mutants
de deletion, mais comme des structures virales incapables
d'assurer leur propre replication, active ou passive, mal-
gre leur aptitude a inhiber le virus standard. I1 ne semble
pas que les particules interferantes defectives jouent un
r6le dans le maintien de l'infection par le virus CML,
mais ce fait n'a pas encore e etabli avec certitude.
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DISCUSSION

NATHANSON: In the colony inhibition test that you

described in a recent publication, you used a syngeneic
system of CBA mice and CBA fetal cells as the target
cells. What happens if you do this in an allogeneic
system?

LEHMANN-GRUBE: We find inhibition, though not quite
as pronounced as in the syngeneic system. I know that
some people have not found chromium release in an
allogeneic system, but our immune cells are not neces-

sarily of the same type because we allow 48 hours for
their development from precursor or memory cells. In
our allogeneic system we use infected Vero cells and
ordinary outbred mice.

COLE: It should be emphasized that the kind of assay
you are using, namely the cultivation of spleen cells,
particularly unseparated spleen cells, with your target
cells should not be compared with the conventional killer-
cell assay or, as you refer to it, the chromium-release test.
First of all, your incubation period is 48 hours whereas
the chromium-release test can be done in a short period
of time, 4 hours, and does specifically measure killer
T-cells. I am at present working in a laboratory where
it has been shown quite conclusively that you need
syngeny between killer cells and target cells. I do not
think, therefore, that one can conclude from your com-
ments that the H2 restriction phenomenon is not valid.
I would suggest that you might investigate whether the
killing that you get in your assay is in fact mediated by
a T-cell population or something like a K cell, which
I think will probably turn out to be the case.

LEHMANN-GRUBE: I wholeheartedly agree. In our allo-
geneic system, we have much less reduction than we

have in the syngeneic system. In fact, we cannot prove
in the allogeneic situation that we simply prevent multi-
plication of target cells.

HOTCHIN: Some years ago you described a line of cells
that had been persistently infected and made, as I recall,
immunofluorescent antigen but carried no detectable
virus. Have you continued with that? I wonder whether
that line might have in it your reverse-plaque-type agent.

LEHMANN-GRUBE: If it has, the titre is too low to be,
measurable. We tend now to believe that these persistant
lines occur by chance once in a while and then remain
stable. Why they are stable, we do not know. The titres
are not high enough for interfering particles to be-
detected in persistently infected cultures. We have seen
the turbid viruses you describe, but some of them cannot
be seen at all; they can be detected only by injecting
them into mice. These are standard viruses, I think.
We have not seen defective interference in the sense that
the virus requires help.
HOTCHIN: We have seen many different degrees of tur-
bidity. Sometimes it is so dense that although we suspect
the presence of plaques we cannot see them at all. Where
do you find your " reverse-plaque-forming agent"?
LEHMANN-GRUBE: We find it in every preparation with
a sufficiently high titre of infectious virus. If we select
the right time, we are able to have virus preparations
containing more interfering particles than infectious virus.
We are now working with preparations that have five
IFU against one PFU.

WELSH: I have also seen generations of turbid plaque
variants, even after injecting newborn mice with plaque-
purified clear plaque variants. So I would assume this is
something that happens to LCM virus, probably a gen-
etic variation. The appearance of turbid variants is prob-
ably due to the more rapid generation of defective viruses.
The few turbid-plaque-forming strains that I have seen
have all had a very pronounced interference property,
so our observations seem to agree with those of Dr Leh--
mann-Grube.

GANGEMI: Have you been able to fractionate any of the-
various subpopulations of particles that you have-
described ?

LEHMANN-GRUBE: The only means of fractionation de--
pends on the high resistance of our interfering units to
exposure to ultraviolet light and the biological procedure
that I have described. Physically, they behave in essen--
tially the same way as infectious virus. We have a beautiful
density gradient and can peak our LCM virus without-
loss of infectious virus; interfering activity peaks almost
at the same spot.
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