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Type C oncornavirus isolation studies in
systemic lupus erythematosus
III. Isolation of a putative retravirus by triple cell fusion
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SUMMARY A putative retravirus was isolated from a cell culture derived by fusion of mink and dog
cell lines with cultured placental cells from a patient with systemic lupus erythematosus. The virus
was detected by reverse transcriptase assay of supernatant medium after prolonged subculturing.
Its characterisation, including species of origin, is in progress, but it is probably a new type C
virus. Its role, if any, in lupus erythematosus is unknown.

The role oftype C oncornaviruses in the pathogenesis
of systemic lupus erythematosus (SLE) is unclear:
enhanced, normal, and no virus expression have been
reported. This study was an extension of previous
negative isolation attempts (Phillips et al., 1976;
Phillips and Hargrave-Granda, 1978). A new triple
cell fusion method and prolonged subculturing
yielded a single putative retravirus isolate, as yet
only partially characterised.

Materials and methods

Twelve tissues (7 placenta or products of conception,
3 spleen, 1 kidney, and 1 skin) were obtained from 11
SLE patients. Cell culture and virus isolation methods
were the same as in the preceding study (Phillips and
Hargrave-Granda, 1978) except as noted. 10 tissues
were cultured for various periods (1 week-19 months)
before testing; 2 spleen were frozen until inoctulation
as filtered homogenates. The SLE cultures were fed
medium with dexamethasone (0 5 ,umol/l), and sub-
cultured so as to have 10 confluent flasks for testing,
if possible. These were induced only with 5-iodoeoxy-
uridine (IDU; 30 ,ug/ml) for 24 hours before fusion.
For virus isolation, 10 cell lines from various

species were used: rabbit cornea, bat lung, horse
skin, monkey lung, dog thymus (Nelson-Rees et al.,
1976), and feral mouse as described (Phillips and

Accepted for publication January 7, 1978
Correspondence to Dr Paul E. Phillips

Hargrave-Granda, 1978), embryonic bovine trachea
(EBTr; CCL 44, American Type Culture Collection,
Rockville, MD), duck embryo (CCL 141), human
rhabdomyosarcoma (A204; obtained from Dr G. J.
Todaro, National Institutes of Health, Bethesda,
MD), and Kirsten murine sarcoma virus-transformed
nonvirus-producing mink lung cells (K-mink;
obtained from Dr A. Albino of this institution).
These lines were maintained as described (Phillips
et al., 1976).

Triple cell fusion was done as reverse fusion in the
previous study (Phillips and Hargrave-Granda, 1978)
except that the SLE cells were simultaneously
fused with K-mink cells and each of the other cell
lines from various species. The actual number of
the latter used per SLE specimen varied from 1-9
(mean 5 7) depending on SLE cell availability. The
SLE cultures were washed with 5 ml cold fusion
buffer, 1 ml cold diluted inactivated Sendai virus
fusion factor added (Phillips and Hargrave-Granda,
1978), mixed over, and 0 5 ml K-mink cell suspension
(about 106 cells) added, mixed over, and incubated
(4°C, 5 min). Then each SLE/K-mink flask received
0 5 ml suspension (about 106 cells) from one of the
other species cell lines. These triple cell mixtures
(SLE/K-mink/other) were incubated (4°C, 5 min;
then 37°C, 40 min) and then gently overfed 15 ml
medium and incubated at 37°C thereafter. Included
in each experiment were a fused SLE/K-mink flask
and a flask of fused SLE cells alone, both of which
were otherwise handled the same as the triple cell
mixtures.
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In two early experiments SLE and K-mink cell
suspensions were fused on to monolayers of the
other species cell lines. This was found to be toxic for
the SLE cells, and so the reverse fusion method
described was used thereafter. The two frozen tissue
homogenates were inoculated as described (Phillips
and Hargrave-Granda, 1978) on to monolayers of
the other species cell lines, which were then fed,
incubated for 1-2 days, treated with IDU, and the
next day Sendai fusion factor and K-mink cells added
to each flask as described above. These SLE-
inoculated K-mink/other cultures were thereafter
handled the same as the triple cell mixture experi-

ments. With every third SLE experiment, a control
set of fused K-mink/other species cell mixtures was

made and thereafter handled the same as that
experiment.

Subsequently both SLE and control expeliments
were fed and examined twice a week for extent of cell
fusion initially, and later for predominant cell type,
transformation, or other cytopathic effect. The first
subculture was done within the first week after fusion
and two complete sets ofcultures made. The principal
set was subcultured at 1- 2-week intervals thereafter
to maintain rapidly growing cell populations, with
IDU or 2-deoxy-D-glucose treatment (except cultures
with A204 cells) for 24 hours, before altermate sub-
cultures early in this study but after subculture in the
later phase. The duplicate set was fed but not sub-
cultured; when a culture from the principal set was
lost for any reason it was retrieved from the duplicate
set.
Used medium was harvested after each subculture

from just confluent cultures, clarified, and frozen at
-700C for later RNA-dependent DNA polymerase
(RDDP) assay. This assay for type C virus reverse
transcriptase was done as described except that
medium was routinely tested only every fourth or
fifth subculture, and it was concentrated only 19-
fold (Beckman type 40 3; 108 000 g, 90 min, 4°C).
The efficiency of virus recovery was monitored by
including a 1:60 dilution of the Moloney murine
leukaemia virus positive control in each ultra-
centrifuge run, and assaying RDDP before and after
concentration. Virus recovery in the pellet was
generally 40-80%. Results were calculated as pmol
3H-thymidine monophosphate (TMP) incorporated
into acid-precipitable material per hour incubation
per ml of original, unconcentrated sample (pmol/ml).
Levels below 0.2 pmol/ml were negative, 02-029
equivocal, and 1 0 or greater were positive when
confirmed (Phillips and Hargrave-Granda, 1978).

Results

After the fusion procedure, numerous multinucleate

cells were visible; individual cells of the parent lines
were also morphologically distinguishable, and
sometimes for several subcultures. Thereafter the
K-mink cells generally outgrew the other cell types,
except for the bat and dog, so that most of both the
SLE and control mixed cell cultures appeared K-mink
morphologically. At no time was any cell transfor-
mation or other cytopathic effect observed.

Seven SLE and 2 control experiments were negative
by RDDP assay when terminated as planned at up
to 20 subcultures (6-8 months after initiation). Four
SLE and 1 control experiments were continued
beyond planned termination because of temporary
problems with sample concentration for the RDDP
assay. These have now had up to 42 subcultures
(16-17 months since initiation). A more recent SLE
experiment and control set are continuing at 20 sub-
cultures (8 months). These c-,going experiments
total 46 triple cell origin (SLE/K-mink/other)
cultures and 15 control dual origin (K-mink/other)
cultures. All except one have been RDDP-negative
to date.
The one RDDP-positive line originated from SLE

placental cells cultured for 5 weeks and then reverse
fused with K-mink and dog thymus cells. It became
equivocally positive after the 16th subculture, when
chemical induction was changed from before to
after subculture (see 'Methods'). It became unequi-
vocally positive after the 19th subculture, 9 months
after fusion (Table 1). It has become progressively
more positive with further subculturing during the
following 7 months, to the present 42nd subculture.
The culture is morphologically like its dog thymus
cell parent, which is easily distinguishable from the
K-mink and SLE placental cell parents. The latter
died out after 7 months in culture, without distinctive
morphological abnormalities. This was a normal life
span for primary SLE cultures in this laboratory
(Christian and Phillips, 1973).
As mentioned, no other cell lines in either SLE or

control experiments, most of which are at similar
subculture number and age and were chemically
treated in the same way, have become positive. These
include 7 other triple cell and the SLE/K-mink
mixtures in the same experiment, 4 other SLE/
Table 1 Appearance and increase ofRDDP with
subculturing of the triple cell origin (SLE placental
K-mink/dog) culture

Culture duration Subculture no. RDDP range
(m) (pmol/ml)*

0-7.5 0-15 <0-2
7-5-9 16-18 0-4-0-7
9-12 19-29 5.9-56
12-16 30-42 12-360

*pmol 3H-TMP/ml original volume (see 'Methods').
RDDP = RNA-dependent DNA polymerase.
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K-mink/dog mixtures (2 also from SLE placentas)
in other experiments (including one done at the
same time), and 2 control K-mink/dog cultures.AIl
stock cell lines, including the K-mink and dog, are
also RDDP-negative.
Complete characterisation of the new isolate is in

progress; preliminary results have provided further
evidence that it is a retravirus. The isolate, like the
positive control type C virus, sedimented at 108 000g
for 90 minutes (Table 2). In fact, initially the isolate
was only detectable in concentrated medium pellets.
With further subculturing, RDDP became detectable
in unconcentrated medium as well, but pelleting
continued to increase greatly the sensitivity of the
assay (Table 2). Virus release varied with the cell
cycle, rising rapidly during cell outgrowth after sub-
culture, reaching a peak after the cells reached con-
fluence, and diminishing thereafter until they were
subcultured again (Table 3). Although perhaps initi-
ally dependent on chemical induction, with further
subculturing virus release was independent of such
treatment. Based on its maximum RDDP levels of
200-400 pmol/ml, virus production was still only
about one-tenth that of a laboratory-adapted mouse
type C virus, such as our Moloney positive control
(1000-4000 pmol/ml).

Table 2 Sedimentation at 108 000 g ofRDDP acitivity
ofnew isolate and of 1:60 diluted murine leukaemia
virus positive control

RDDP

cpm* pmollmlt

New isolate:
unconcentrated 9 633 83.9
19x pellet 118 714 54-4

Diluted positive control:
unconcentrated 18 495 161.1
19x pellet 138 999 63.7

*Mean of triplicate reactions, after subtraction of background
reactions incubated at 4°C (3436 cpm).
tpmol 3H-TMP/ml original unconcentrated volume (see 'Methods').

Table 3 Dependence ofRDDP release from triple cell
origin culture on cell multiplication cycle
Day after subculture Y. Cell confluence RDDP pmollml*

2 40 1-6
3 70 16-1
4 85 93*8
7 90 247-0

11 90 74.1
15 90 7.7

*pmol H-TMP/ml original volume (see 'Methods').

Discussion

We have isolated a putative retravirus from a cell
culture derived from fusion of human, mink, and

dog cells. The virus was detected after prolonged
subculturing in pelleted supernatant medium using
an assay for RDDP. The presence of this enzyme,
which synthesises complementary DNA from an
RNA template, is a unique property of the family
Retraviridae, to which the genus type C oncorna-
viruses belong (Gilden, 1977).RDDP assay does not
by itself rigorously define the RNA-dependence, and
thus viral nature, of the enzyme (Sarngadharan et al.,
1976). However, cellular DNA-dependent enzymes
were seldom present in the supernatant culture
medium we tested and, in fact, none of many other
similar cultures in this study were positive. In the
past also, the assay has been extremely reliable for
detecting type C viruses, and we have had no false-
positive results (Phillips and Hargrave-Granda,
1978). Additional evidence for the viral nature of the
RDDP activity was its ability to sediment under the
same conditions as an authentic type C virus,
suggesting it is also contained in particles. As with
other new type C virus isolates, RDDP levels
increased with further subculturing, and were
dependent on cell multiplication. The new isolate
is presently being characterised, but seems certain
to be a retravirus and probably a type C oncoma-
virus, judging from its ready detection by an RDDP
assay using manganese as the divalent cation
(Sarngadharan et al., 1976).
What is the origin of this putative retravirus

isolate? It is most unlikely to be an exogenous con-
taminant. Known retraviruses were not used in the
cell culture areas and, in any case, all other stock and
experimental cell lines were RDDP-negative. Retra-
viruses have never been grown in our laboratory,
except for the rat endogenous type C virus isolated
from a rat cell line during the previous study. Work
with that virus ended 3 months before the present
experiments were started and it did not grow in
K-mink, mink, dog, or human cells (Phillips and
Hargrave-Granda, 1978). Unrecognised contamina-
tion of the RDDP-positive culture with another cell
line containing an inducible virus, like the rat, could
have occurred. This is also unlikely considering the
culture has maintained typical dog cell morphology
from very early on and the host range of viruses
potentially inducible from other cell lines used in the
laboratory.
The presence of endogenous retravirus genomes

has been postulated in all mammalian species; our
RDDP-positive culture originated from a primary
SLE placental line, a continuous mink lung cell line
containing the murine sarcoma virus (MSV) genome
(Henderson et al., 1974), and a continuous dog
thymus cell line (Nelson-Rees et al., 1976). A variety
of evidence suggests the presence of retraviruses in
man, including the finding of virus-like particles in
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both normal and SLE placentas (Imamura et al.,
1976; Dirksen and Levy, 1977). However, no
retravirus of undisputed human origin has been
isolated (Gilden, 1977; Phillips and Hargrave-
Granda, 1978). No canine retravirus has been
reported and the dog thymus line has been virus-
negative (Nelson-Rees et al., 1976). The MSV
genome present in the K-mink cell line has been
absolutely defective for replication in the absence of
a helper type C virus (Henderson et al., 1974;
Gilden, 1977). No retravirus had been isolated from
mink or the mink cell parent line of the K-mink
(Henderson et al., 1974) until the report of possible
recombinant type C viruses of mink and baboon
origin from mink/baboon cell cocultures (Sherr et al.,
1976). However, these may in fact have been physical
mixtures of the baboon and mink endogenous
viruses, since the latter has now reportedly been
isolated in several laboratories (H. P. Charman,
personal communication).
Thus our new isolate could be a single virus of

human, mink, or dog origin, or less likely a recom-
binant, an MSV pseudotype, or a mixture from those
species. The characterisation studies in progress will
distinguish among these possibilities, but it may be
important that the unique feature of the RDDP-
positive culture was the placental cells from a
particular SLE patient. The K-mink cells, on the
other hand, were in virtually all cultures in this study,
and the dog cells in a considerable number. Thus,
if our new isolate is of mink or dog origin, additional
isolations from other cultures might have been
expected. These did not occur even with 7 months of
further subculturing and chemical induction. Even
if our virus proves to be of human origin, its role,
if any, in the pathogenesis of SLE remains to be
shown.

We thank the many individuals who helped in
various phases of this study, in particular Mrs R.

Note added in proof: The characteristics of the
recent endogenous mink type C virus isolates differ
in certain respects from the virus described here.
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