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Induction of HTLV-III/LAV from a Nonvirus-
Producing T-Cell Line: Implications for Latency

THOMAS FOoLKs, DouGLAs M. POWELL, MARILYN M. LIGHTFOOTE,
STEVEN BENN, MALCcOLM A. MARTIN, ANTHONY S. FAUCI

When the human T-cell line A3.01 is infected with HTLV-II/LAV, the virus
associated with the acquired immune deficiency syndrome (AIDS), most of the cells
are killed. However, a small number of cells that lack the Leu-3 surface marker survive.
Under normal conditions these surviving cells do not produce virus, nor can they be
infected by the virus, but they can be induced to produce virus by treatment with 5-
iodo-2'-deoxyuridine. This response can be induced for as long as 3 months after the
initial infection, suggesting that the cells may harbor a latent form of HTLV-II/LAV.

HE PRIMARY ETIOLOGIC AGENT OF

the acquired immune deficiency syn-

drome (AIDS) has been identified as
a human T-lymphotropic retrovirus (RV)
that has been referred to as human T-lym-
photropic virus type III (HTLV-III), lym-
phadenopathy-associated virus (LAV), or
AIDS-associated virus (I-8). When phyto-
hemagglutinin-stimulated human lympho-
cytes are infected with this virus, the cells
undergo a characteristic cytopathic effect
that includes syncytia formation and, ulti-
mately, cell death (I, 2)."In contrast, a
continuous lymphocyte line, H9, which has
been used for the large-scale production of
HTLV-III/LAV exhibits only modest cyto-
pathic effects and no detectable cell death as
a consequence of virus infection. We have
recently described a variant of the CEM T-
cell line A3.01, which is more than 95
percent susceptible to infection and under-
goes all of the cytopathic changes associated
with HTLV-III/LAYV, including cell death
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(9). During the late stages of productive
infection of A3.01 cells, a small percentage
of the cells survive. These surviving cells lack
the Leu-3 surface marker, and, although
they do not produce the virus spontaneous-
ly, they clearly contain proviral DNA since
infectious virus can be induced by treating

the cells with 5-iodo-2’'-deoxyuridine
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Fig. 1. Establishment of survivor NP cells. A3.01
cells (1 x 10%) were infected with the LAV iso-
late (1) of HTLV-II/LAV as previously de-
scribed (9). Cell viability was determined by
trypan blue exclusion.

(IUdR). These findings have important im-
plications in our understanding of the chro-
nicity or possible latency of HTLV-III/LAV
infection in humans and may serve as a
useful model for investigations of the noncy-
tocidal effects of the virus on human T-cell
function.

Cells of the A3.01 line grow as two
discrete populations (9). One, representing
~95 percent of the culture, expresses the
Leu-3 (CD4, or T4) surface marker as well
as Leu-1, class I HLA, and the transferrin
receptor. The second population, compris-
ing <5 percent of the culture, is Leu-3".
Subclones of A3.01 cells, although initially
Leu-3*, consistently give rise to cells that
make up the 2 to 5 percent of the culture
that are Leu-3". One of these Leu-3~ cells
was cloned by limiting dilution (A2.01) and
did not revert to the Leu-3* phenotype
during an 8-month observation period. The
A3.01 and A2.01 cells were indistinguish-
able by morphology and growth characteris-
tics.
The HTLV-II/LAV was the same as that
used in our original report on the A3.01 cell
line (9). The time course of a typical infec-
tion is shown in Fig. 1. Reverse transcrip-
tase (RT) activity was initially detected in
the supernatant fluid on day 8, peaked on
day 10, and reverted to background levels by
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day 15. A decrease in cell viability was
evident on day 9, and by day 12 only 50
percent of the infected A3.01 cells were
alive. Cell viability in the infected culture
returned to normal levels (>95 percent) by
day 15. By day 10, ~85 percent of cells were
synthesizing viral structural proteins as
monitored by indirect immunofluorescence
with the use of pooled AIDS sera adsorbed

on uninfected A3.01 cells. The expression of

the CD4 molecule was detected by flow
cytometry with the monoclonal antibody
Leu-3. Only 5 percent of the infected A3.01
cells expressed the Leu-3 marker on day 10
(Fig. 1); by day 15 no detectable Leu-3*
cells remained in the culture.

The Leu-37 cells surviving HTLV-IIV/
LAYV infection were indistinguishable from
A3.01 and A2.01 cells in morphology and
growth properties. Like their A3.01 parent,
these Leu-3~ survivors were Leu-17, class I
HLA", and transferrin receptor—positive.
The cells surviving infection were also evalu-
ated for their ability to produce infectious
virus. No budding retroviral particles were
observed by electron microscopy and, as
noted above, RT activity was at background
levels by day 15. In addition, no infectious
particles could be demonstrated by cocultur-
ing survivor cells with Leu-3* A3.01 cells;
neither synctytia formation nor RT activity
was detected during a 30-day coculture peri-
od.

To determine if HTLV-III/LAV genome
was present in A3.01 cells that had survived
infection, we treated cells with the haloge-
nated pyrimidine IUdR, a well-known in-
ducer of retroviruses (10). Survivor cells
harvested 25, 45, and 90 days after infection
with  HTLV-III/LAV were exposed to
IUdR (100 pg/ml) for 24 hours and then
cocultured with Leu-3" A3.01 cells. In-
duced virus, if produced, could be detected
by monitoring the RT activity in the super-

Fig. 2. Inducibility of

HTLV-III/LAV after

treatment with IUdR.
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natants of the cocultured cells. In general,
there was a correlation between the time of
peak RT activity and the time after exposure
of the survivor cultures to IUdR. For exam-
ple, as shown in Fig. 2, in which virus was
induced in the three different survivor cell
populations, the peak of RT activity oc-
curred 7, 13, and 19 days after exposure of
the 25-, 45-, and 90-day survivor cell cul-
tures, respectively, to IUdR.

We have previously described the isola-
tion of retroviruses from AIDS patients in
New York, Alabama, and Zaire (11), and
have demonstrated their similarity to LAV
(1) and HTLV-IIT (2, 3). Seven of these
isolates have been propagated in A3.01 cells
and, in each instance, nonvirus-producing
(NP) survivor cells were obtained. One cul-
ture of these NP cells derived from an
infection with an HTLV-III/LAV isolate
from New York could be induced to express
infectious particles by induction with TUdR.

Since the A3.01 cells that survived
HTLV-III/LAV infection were Leu-37, it
was important to ascertain whether they
were derived from the 2 to 5 percent of the

treated with TUdR (100
pg/ml) for 24 hours,
washed three times in me-
dium, and cocultured with
1 x 10° A3.01 cells. Su-
pernatants were tested dai-
ly for RT activity. Un-
treated survivor cells were

also  cocultured with
A.301 cells and monitored
for RT activity.

Leu-37 cells present in the original culture
or arose from Leu-3" cells that no longer
expressed the CD4 antigen as a consequence
of infection. Therefore, we used the A2.01
clone to determine whether these Leu-3~
cells could be infected with HTLV-III/
LAV. A2.01 cells were infected with dilu-
tions (1 X 1072) of our HTLV-II/LAV
virus stock shown to be infectious for A3.01
cells. The infected A2.01 cultures were
maintained at a concentration of 2 x 10°
cells per milliliter for 30 days at which time
they were split into two aliquots. One ali-
quot was directly cocultured with A3.01
cells to assay the spontaneous release of
HTLV-III/LAV. The second was treated
with IUdR for 24 hours and then cocul-
tured with A3.01 cells. In neither case was
syncytia formation or RT activity detected
(Table 1). NP cells were similarly refractory
to viral infection. These results indicate that
HTLV-III/LAV infection of the small pop-
ulation of Leu-3~ cells present in the start-
ing A3.01 culture is very unlikely to occur.
The NP cells probably arise from Leu-3"
A3.01 cells that survive infection.

Table 1. Induction of A2.01, A3.01, and NP cell lines by treatment with TUdR. Cells (1 X 10°) were treated with or without a 10~! dilution of stock virus
for 2 to 4 hours, washed, and cultured for 30 days. The cells were then incubated with or without IUdR (100 pg/ml) for 24 hours, washed, and cocultured
where indicated with 1 x 10% A3.01 cells. The supernatant was monitored daily for RT activity (+, >15,000 cpm/15 pl; —, no activity).

Treatment Cocul- Days in culture
tured

Cell ) with

Virus IUdR A3.01 4 5 6 7 8 9 10 11 12 13- 14 15 16
NP - - - - - - - - - - - - -
NP + - - - - - - - - - - - - -
NP + - - - - - - - - - - - - -
NP + + - - + + + + + - - - - - -
NP + - - - - - - - - - - - - -
NP* + + - - - - - + + + + - - - -
A3.01  + - - - - + + + + + + - - -
A3.01 + + - - - - - - - - - - - - -
A2.01 + + + - - - - - - - - - - - - -
A2.01 - + + - - - - - - - - - - - - -
A2.01 + - + - - - - - - - - - - - - -
*Supernatant (100 pl) from an IUdR-treated NP cell was added to A3.01 cells.
7 FEBRUARY 1986 REPORTS 601



Table 2. Frequency of IUdR-inducible NP cells in the surviving population. Log,q dilutions of NP cells
were treated with 100 pg of IUdR per milliliter for 24 hours, washed, and cocultured with 1 x 10°
susceptible A3.01 cells. Supernatants were monitored daily for RT activity (+, >15,000 cpm/15 ul; —,

no activity).

Num-
ber
of

Days in culture

NP
cells

14 15 16 17 18 19 20 21

10 - + + + -
10°
0t - - - - -
100 - - - - -
1
o - - - - -

|
|
|
+
+
I+ + 1

|

i

+
i+ +
|
|
|
|
|
|

From these data we concluded that the
Leu-37, virus-negative cells arising as a re-
sult of HTLV-III/LAV infection of A3.01

cells consisted of at least two cell popula-

tions: cells that were originally Leu-3 (that
is, derivatives of the 5 percent of A3.01 cells
that were Leu-3~ from the start) and survi-
vor cells that had lost their Leu-3 marker as a
result of infection with HTLV-II/LAV.
This indeed appeared to be the case when
attempts were made to clone cells that could
be induced with IUdR to express virus. In
an initial experiment, none of 40 randomly
selected survivor cell clones, obtained by
limiting dilution, released virus after expo-
sure to IUdR. Our interpretation of this
result was that most of the “survivor” cells
were an outgrowth of Leu-3~ cells that were
present in the starting culture and that only
a minority harbored inducible virus. As
shown in Table 2, when log;, dilutions of
NP cells were exposed to IUdR and then
cocultured with susceptible A3.01 cells, no
virus was induced when 100 or fewer cells
were tested. The result suggests that virus-
inducible NP cells comprise between 0.1
and 1 percent of the surviving cell popula-
tion.

At least two general models of latency can
be considered to explain the inducibility of
HTLV-III/LAV by IUdR from cells surviv-
ing productive infection (Fig. 3). In both,
DNA copies of the viral genome have been
inserted into chromosomal DNA of infected
cells in reactions catalyzed by pol region gene
products. During cytocidal infection of hu-
man T cells by HTLV-III/LAV, the proviral
DNA is constitutively expressed, resulting in
the synthesis of the five major classes (12) of
viral RNA (Fig. 3A). In contrast, cells sur-
viving infection may harbor a copy of the
provirus that has been rendered functionally
inert (Fig. 3B). If we assume that a faithful
copy of the viral genome has been integrated
into the DNA of the infected cell, HTLV-
III/LAV gene activity can be “down regulat-
ed” by any of the mechanisms illustrated in
Fig. 3B [that is, hypermethylaticn (line 1),
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insertion of proviral DNA into a region of
densely packed chromatin (line 2), and the
binding of regulatory proteins that could
repress the expression of viral messenger
RNA’s (line 3)]. The addition of IUdR
might obviate any of these hypothetical
blocks.

In a second model of latency (Fig. 3C) we
assume that survivor cells harbor defective
copies of the HTLV-III/LAV provirus con-
taining point mutations or microdeletions
rather than intact, potentially infectious pro-
viral DNA’s. The effect of IUdR on these
cells is to stimulate complementation or
recombinational events between defective
viral genomes, ultimately resulting in a pro-
ductive infection.
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Fig. 3. Models of HTLV-III/LAV latency. (A)
Integrated HTLV-III/LAV proviral DNA being
expressed in cells productively infected with virus
(&, g29; p, pol; e, env). (B) Transcriptional repres-
sion of intact proviral DNA by hypermethylation
(line 1), chromatin conformation (line 2), or a
DNA-binding protein (line 3). (C) Integrated
HTLV-III/LAV proviruses containing mutations
(X).

To investigate these hypotheses, we as-
sayed survivor cells for the presence of pro-
viral DNA and RNA transcripts by South-
ern and Northern blot hybridizations, re-
spectively. No viral DNA or RNA was
detected in mass cultures of survivor cells
similar to those examined in Table 2. How-
ever, one survivor clone was selected from
such a mass culture because it did cause
syncytia formation after IUdR treatment
and coculture with Leu-3" human lympho-
cytes. Preliminary characterization of this
clone (8E5) indicates that high levels of viral
RNA and protein are synthesized both be-
fore and after exposure to IUdR (13), but
that no wild-type virus is produced.

Even after long-term culture (3 months)
of one of the NP cell lines, infectious
HTLV-III/LAV virus can be induced by
IUdR. This phenomenon has potentially
far-reaching clinical consequences, explain-
ing how an individual who harbors the virus
in a latent form may not, for significant
periods of time, express viral proteins or
infectious virus particles. Subsequently, the
latent virus might be induced by any one of
a variety of physicochemical stimuli such as
irradiation, chemical exposure, stress, super-
imposed infections, or antigenic stimulation
of latently infected T lymphocytes resulting
in the production of infectious virus and the
development of disease. Of note is the fact
that Hoxie et al. (14) have recently reported
persistent noncytopathic infection with hu-
man T4 cells by AIDS-associated virus in
vitro in which infection also resulted in a
loss of reactivity with the OKT4 monoclo-
nal antibody (LEU-3). Taken together,
these results provide evidence in AIDS for
both productive and nonproductive latent
noncytopathic infection of a small popula-
tion of Leu-3* cells that lose the Leu-3
marker. '
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