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Long-Term Cultures of HTLV-111-Inf'ected T Cells: A 
Model of Cytopathology of T-cell Depletion in AIDS 

Long-term cultures were established of HTLV-111-infected T4 cells from patients 
with the acquired immune deficiency syndrome (AIDS) and of T4 cells from normal 
donors after infection of the cells in vitro. By initially reducing the number of cells per 
milliliter of culture medium it was possible to grow the infected cells for 50 to 60 days. 
As with uninfected T cells, immunologic activation of the HTLV-111-infected cells 
with phytohemagglutinin led to patterns of gene expression typical of T-cell differenti- 
ation, such as production of interleukin-2 and expression of interleukin-2 receptors, 
but in the infected cells immunologic activation also led to expression of HTLV-111, 
which was followed by cell death. The results revealed a cytopathogenic mechanism 
that may account for T4 cell depletion in AIDS patients and suggest how repeated 
antigenic stimulation by infectious agents, such as malaria in Africa, or by allogeneic 
blood or semen, may be important determinants of the latency period in AIDS. 

T HE PATHOGENESIS OF  THE AC- 

quired immune deficiency syndrome 
(AIDS) involves a decrease in the 

number and function of mature T4 lympho- 
cytes. When cultured in vitro, these cells are 
the main target of infection by the human T- 
lymphotropic retrovirus designated HTLV- 
IIIILAV (1-3), and it is from these cells that 
HTLV-IIIILAV is usually isolated (4). T4 
lymphocytes from normal donors infected 
by HTLV-I11 in vitro, as well as HTLV-III- 
infected primary T4 cells from AIDS pa- 
tients, have been difficult to maintain in 
culture for longer than 2 weeks (4,5), and it 
has often been assumed that the virus has a 
direct C)TO~)T~C effect on these cells (4, 5 ) .  
However, in this report we describe culture 
conditions that permit the long-term 
growth of HTLV-111-infected T cells de- 
rived from AIDS patients and of normal 
donor T cells infected with HTLV-I11 in 
vitro. In the long-term cultures, the expres- 
sion of HTLV-I11 was always preceded by 
the initiation of interleukin-2 secretion, 
both of which occurred only when T cells 
were immunologically activated. Thus, the 
immunologic stimulation that was required 
for IL-2 secretion also induced viral expres- 
sion, which led to cell death. 

For these experiments we obtained hepa- 
rinized peripheral blood lymphocytes (PBL) 

from six patients with AIDS and from three 
normal donors. The T cells were separated 
from mononuclear cells by Ficoll-Hypaque 
gradients. The sera of the six AIDS patients 
were positive for antibodies to HTLV-111, 
whereas sera from the normal donors were 
negative. The PBL (6 x lo5  per milliliter) 
were activated by 0.1 percent (PHAp; 
Difco) in round-bottom tissue culture tubes 
(white caps RBTC; Falcon) containing 2 ml 
of medium composed of RPMI 1640, 20 
percent fetal calf serum (FCS), sheep antise- 
rum to a-interferon (neutralizing titer 6 IU 
at dilution), and goat antiserum to 
human y-interferon (neutralizing titer 1 IU 
at 10-5 dilution). After 2 to 3 days, IL-2 
was added to the cultures. The medium was 
changed twice each week. 

The primary PBL cultures from AIDS 
patients proliferated for about 12 to 15 days 
and consisted of adherent macrophages, T 
cells, and a few B cells. After this period they 
exhibited abundant cell lysis. However, 
when these cultures were activated with 
phytohemagglutinin (PHA), they first se- 
creted IL-2 (days 1 and 2 after activation) 
and then transiently produced virus (days 6 
to 12), as indicated by reverse transcriptase 
(RT) activity in the culture supernatants (3- 
5) and by the presence of HTLV-I11 p15 
and p24 antigens on the surface of a few 
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acetone-fixed cells detected by specific 
monoclonal antibodies (6). These observa- 
tions suggested that agents that inhibit IL-2 
production might enhance virus expression 
[for example, hydrocortisone (6, 7)] and 
favor cell death, whereas inhibitors of virus 
production might be associated with in- 
creased IL-2 secretion (for example, y inter- 
feron) (8). 

To obtain cultures of T cells from AIDS 
patients, we used the conditions described 
previously for the long-term growth of nor- 
mal T-cell clones, with certain modifications 
(9). The modifications consisted of dilution 
of the cell number from lo5 to lo6 cells per 
milliliter (usual culture conditions) to lo3 to 
lo4 cells per milliliter and the addition of a 
feeder cell layer of lo5  to lo6  irradiated 
(4000 rads) PBL pooled from 10 to 20 
normal human donors (Fig. 1).  With these 
conditions, the HTLV-111-infected T cells 
could be maintained in the presence of 
exogenous IL-2 for 50 to 60 days. The 
initial reduction of the cell concentration 
was sufficient to select out those cells that 
could survive; the lack of hrther antigenic 
stimulation and, presumably, the reduced 
concentrations of toxic substances released 
by the mature cells, permitted cell survival at 
concentrations ranging from 5 x lo5 to 
1 x lo6 per milliliter. However, after this 
period, cell degeneration occurred in a man- 
ner similar to that of normal T cells grown 
under the same conditions (9). 

The cultures of infected T cells showed 
other similarities to cultures of normal T 
cells. When T-cell surface antigens were 
measured by the rosette technique in the 
presence of specific monoclonal antibodies 
( l o ) ,  the proportion of infected cell cultures 
exhibiting T4, T8, and Tac antigen were in 
the same range as normal T cells. No cytoge- 
netic changes occurred in the T-cell cultures 
from three AIDS patients when the cultures 
were stained by the Giemsa banding tech- 
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nique. As reported for cultured T-cell clones 
(11) and shown in this study (Table 1, 
column 3), uninfected, normal T-cell cul- 
tures secreted large amounts of IL-2 only 
when they were activated by PHA in the 
presence of macrophages and B cells. We 
found the same results with cultured T cells 
from AIDS patients and with T cells from 
normal donors after infection with HTLV- 
I11 in viuo (Table 1). 

The T cells from AIDS patients grown in 
the presence of exogenous IL-2 did not 
express HTLV-I11 even though they prolif- 
erated. However, when they were stimulat- 
ed with PHA under the same conditions 
used to generate IL-2 production, RT activ- 
ity was found transiently in the culture 
supernatants 5 to 8 days after activation 
(Table 1, column 4). As shown in Fig. 1, 
from 0.5 to 3.0 percent of the PHA-activat- 
ed, RT-positive cultures of T cells from 
AIDS patients also expressed p15 and p24 
HTLV-I11 antigens, identified by indirect 
irnmunofluorescence with specific monoclo- 
nal antibodies (3, 4). Cell death occurred 7 
to 10 days after PHA activation and virus 
expression. These results show that long- 
term cultures of T cells from AIDS patients, 
like fresh PBL from AIDS patients, express 
HTLV-I11 after immunologic stimulation 
and that the sequence of the events after 
such stimulation in both systems is IL-2 
secretion, virus expression, and cell death. 

Similar results have been reported with 
PBL from normal donors infected with 
HTLV-I11 in vitro (6). In the present stud- 
ies, T cells from normal donors that were 
infected with HTLV-I11 in vitro, after stim- 
ulation with PHA, followed the same pat- 
tern of secretion of IL-2 (day l ) ,  production 
of HTLV-111, and cell death (Table 2). 
Again, the cells did not produce IL-2 or 
express virus without immunologic activa- 
tion. stimulation with PHA also induced 
variations in the T-cell differentiation anti- 
gens, such as loss of the T4 and Tac (IL-2 
receptor), on day 6. This loss was more 
marked in the HTLV-111-infected cells (Ta- 
ble 3), although the differentiation of infect- 
ed cells paralleled that of the normal unin- 
fected cells. When T4 or T8 cells were 
removed by complement-dependent cyto- 
toxicity in the presence of corresponding 
monoclonal antibodies, only PHA-activated 
subpopulations of T cells, including T4 
cells, secreted IL-2 and expressed virus (Ta- 
ble 2). 

Although immunologic activation is re- 
quired for viral expression, it is not neces- 
sary for HTLV-I11 infection of T cells. As 
shown in Table 4, incubation of normal T 
cells with HTLV-I11 resulted in infection, 
but virus was expressed only after PHA 
activation. 

We also studied the IL-2-secreting hu- In patients with AIDS or the AIDS- 
man leukemic T4 cell lines HUT-78 (4) and related complex (ARC), the number of T 
JM (6). When these cells are infected with cells progressively decreases and the secre- 
HTLV-111, after PHA stimulation, many tion of IL-2 is dramatically impaired (8). 
constitutively express virus and die 4 to 6 Impaired production of IL-2 in turn leads to 
days after infection. In some of our experi- decreased T-cell proliferation and a reduc- 
ments, the cells were infected with HTLV- tion in IL-2 receptors, as well as a reduction 
I11 after treatment with PHA in the presence in y-interferon A d  other effector molecules. 
of macrophages and B cells. This resulted in The results described here reveal some of the 
increased IL-2 production and virus expres- events that may lead to the cytopathogenetic 
sion (Table 5). disorders of T cells in AIDS patients. (i) 

Table 1. Production of IL-2 and RT in long-term T-cell cultures from PBL of AIDS patients and 
normal donors before and after activation with PHA. Activated and nonactivated T-cell cultures 
(20 +. 5 days old) derived from AIDS patients and normal donors were assayed for IL-2 production 
and RT activity. For activation, T cells (6 x lo5) were washed twice and incubated in an IL-2-free 
medium containing PHAp (0.1%), and a feeder cell layer consisting of macrophages (5 x lo4) and B 
cells (2 x lo4) derived from normal PBL. Culture supernatants were collected after 24 hours for IL-2 
assay and replaced by a culture medium composed of exogenous IL-2 and hydrocortisone (5 kg) which 
allowed growth of the cells for more than two additional weeks, during which RT activity was 
monitored. Nonactivated T-cell cultures were similarly treated, except that they were incubated for 24 
hours in an IL-2-free medium without PHA or feeder cells. 

Origin HTLV- PHA pro- 
I11 RT T4 cell R:p 

Patients* of ductiont act ivi~f  (% of 

T cells serol- (IL-2 UI (10 vation T4 
o g ~  2 x 10' cpmiml) PBL) to T~ 

cells) 

Experiment 1 
- <260 
+ > 1400 

European 
(M) 

AIDS (RK)ll 

AIDS (JMB) 

Normal, (MF) 

European 
(M) 

European 
(F) 

Experiment 2 
- <260 
+ >1400 

Zairian 
(F) 

AIDS (BS) 

AIDS (AC) 

Normal2 (BR) 

European 
(MI 

European 
(F) 

Experiment 3 
- <260 
+ >1400 

Zairian 
(MI 

AIDS (AD) 

AIDS (MP) 

Normal, (MF) 

European 
(M) 

European 
(F) 

*The five male patients were hospitalized for op rmnistic infections; the Zairian female had Ka osi's sarcoma. M, 
male; F, female. +For the IL-2 assay, 12- to P;)-day-old normal T cells (2 x lo4) were cultureIin 200-4  round- 
bottom wells (Nunc RBTC) containing 150 ~1 of fresh RPMI 1640iFCS (RPMI 1640 medium with 20% FCS) and 
50 ~1 of test supernatants. After 4 days of culture, [3H]thymidine (1  pCi er well) was added and supernatants were 
collected after 12 hours. In control wells the test supernatant was re lacelby (i) RPMI 1640iFCS; (li) RPMI 16401 
FCS with PHAp (0.1%); or (iii) RPMI 1640iFCS containing HTLG-111. To prepare this last medium, 10 ml of H91 
HTLV-I11 culture fluid was centrifu ed at 50,0008 for 1 hour, the su ernatant was removed, and the pellet was 
resuspended in 1 ml of RPMI 1640/&~.  Test supernatants were derivelfrom cultures of T cells derived from AIDS 

atients and normal donors. IL-2 content was measured in triplicate in test supernatants previously described (11). 
Lean results from triplicate samples are given in Transgene IL-2 units and the count variabili was less than 10%. 
Extrapolation from radioactivity to IL-2 units (Trans ene) was made between 10,500 and 510300 c m correspond- 
ing to linear variation of IL-2 concentration from 580 to 1400 units as determined experiment&y. Radioactive 
thymidine uptake for <280 m u  of IL-2 ranged between 1,500 and 10,000 cpm, whereas for 71,400 m u  of IL-2 the 
range was between 500,000 and 850,000 cpm. #For the RT assa , samples of supernatant from activated T-cell 
cultures were collected at different periods after PHA stimulation. ~ g e  culture fluid (1 ml) was centrifuged for 10 
minutes at 3008. Virus articles were preci itated from cell-free supernatants and the RT assay was performed as 
described ( 3 )  honst imdted samples were always below 1000 cpm/ml. The results are for samples from nonactivated 
and activated T cells at the perlod of maximum RT activity, which usually occurred 6 to 8 days after lectin 
stimulation. //Letters in parentheses are code initials for patient samples. 
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Table 2. Effict of PHA activation on IL-2 and 
virus production in long-term cultures of T cells 
from PBL of normal donors &r infection with 
HTLV-111 in v im.  Activated and nonactivated 
cultures of T cells (20 days old) derived from the 
same normal donor were assayed for IL-2 produc- 
tion and RT activity. After activation by PHA for 
24 hours, the T cells from the donor were treated 
with polybrene (2 pgtml), incubated in the pres- 
ence of HTLV-III-containing culture superna- 
tant fluid obtained from the H9/HTLV-111-B2 
cell line for 1 hour at 37C, and cultured in RPMI 
1640 and FCS containing exogenous IL-2, anti- 
body to a-interferon, and hydrocortisone (6). 
Non-T4 and non-Ts T-cell subpopulations were 
obtained after treatment of the total T-cell popu- 
lation by complement-dependent cytotoxicity in 
the presence of OKT4 and OKT8 monoclonal 
antibodies, respectively. Nonactivated cells were 
used as controls. IL-2 production and RT activity 
were measured as described in Table 1. 

IL-2 RT 

T-cell production 

Mkcd cell poprrlatronr 
Uninfectd - <260 <1 

control + > 1400 < 1 

Infecndin - <260 <1 
v im  + 1400 46 

Non-T4 subpopukrtion 
Infectdin - <260 < 1 
v im + <260 < 1 

Non-T8 subpopulntia 
Infecndin - <260 < 1 
v im  + > 1400 26.5 

Table 3. Antigenic variation in long-term cultured T cells from normal donors after infection with 
m V - 1 1 1  in vim. The cultured (20 days) T cells were activated with PHA in the presence of 
macrophages and B cells and either uninfected or infected with HTLV-I11 as described in Table 2. 
Nonactivated normal T cells were also used as controls. T4 and Tac antigens were tested in triplicate for 
each culture on days 0,2, and 6 after PHA stimulation. Variability in these samples was less than 10% 
and the results presented are the mean values. 

Number of positive cells (%) 
HTLV- 

T-cell culture IIIILAV T4 Tac 

infection D;Y D;Y D;Y D;Y D;Y D;Y 

Nonactivated - 34 38 25 42* 31 38 
- PHA-activated 34 28 10 42 54 20 

PHA-activated + 34 30 3 42 5 1 7 

XThe Iu percentage of Tac+ (IL-2 receptor-positive) cells on day 0 of the experiment is due to the previous long- - & (20 days) of thcr ceh. 

Fig. 1. Long-term cultures of T cells derived from 
PBL of AIDS patients were obtained as follows. 
The PBL were seeded at low density (0.1 x lo4 
to 1.0 x lo4 cells per milliliter) in 2-ml round- 
bottom tissue culture tubes (Falcon) in the 
presence of a feeder cell layer of 0.5 x lo6 to 
1.0 x lo6 irradiated (4000 rads) PBL pooled 
from 10 to 20 normal donors; the medium con- 
tained RPMI 1640; FCS (20%); antibody to 
human a- (1 : 200) and y- (1 : 500) interferon; and 
PHAp (0.1%); IL-2 (10%) was added after 2 
days. T-cell cultures grew in the presence of IL-2 
at a concentration rangin from 0.5 x lo6 to 
1 x lo6 cells Der milliliter k r  50 to 60 davs. IAl 
Light microscbpic examination of 30-day-6ld id 
tured T cells treated with Giemsa-Wright stain. 
(B) Detection of I-lTLV-I11 p24 antigen in PHA- 
activated 30-day-old cultured T cells. Cells were 
activated by PHA as described in Table 1. The 
assay was by indirect immunofluorescence as pre- 
viously described (4,6). Cells were collected from 
RT-positive cultures, spotted on a slide, dried, 
and fixed in acetone. Fixed cells-were incubated 
with monoclonal antibody to HTLV-I11 p24 
(p15 in other experiments), and after three wash- 
es they were treated with the fluorescein-conju- 
gated antiserum. Controls consisted of (i) cells 
treated with murine monoclonal antibodies to 
immunoglobulin in place of the specific antibod- 
ies and (ii) cells treated only with the fluorescein 
conjugate.' Fluorescent cells bere observed only in 
samples treated with monoclonal antibody to p15 
or p24, as shown here. 

Immunologic activation of T cells induces 
IL-2 secretion and is required for viral 
expression. (ii) Infection of T4 cells with 
HTLV-111 does not require immunologic 
activation. (iii) The expression of HTLV-I11 
follows immunologic activation but is a late 
event in this process. (iv) Virus expression 
in turn promotes cell death (Fig. 2). 

Although there are major differences be- 
tween stimulation with PHA and antigenic 
stimulation, we propose that, in vivo, anti- 
genic stimulation of an infected T cell results 
in virus expression which is followed by lysis 
of the differentiated cell and, consequently, 
virus release and the probability of other T4 
cells becoming infected. Thus, multiple 
rounds of immunologic stimulation may 
initially generate more and more infected T 
cells but will ultimately result in decreased 
numbers. Therefore, the presence of other 
infdons, such as malaria in Africa, or 
repeated exposure to other antigens, such as 
allogeneic leukocytes from blood or sperma- 
tozoan antigens from semen, may be impor- 
tant determinants of the latency period in 
AIDS. 

The expression of the IL-2 gene and of 
HTLV-I11 after immunologic activation ap- 
pear to be coordinated. Recent nucleotide 
sequence studies show a region of homology 
between sequences upstream from the IL-2 
gene and a segment of the HTLV-I11 long 
terminal repeat (LTR) (13). Since immuno- 
logic activation of T4 cells leads to IL-2 
production followed by HTLV-I11 expres- 
sion, it is possible that these homologous 
regions are common sequences involved in 
recognition of immunologic activation sig- 
nals. Factors within the cell, or from out- 
side, may favor one effector pathway (either 
IL-2 secretion or virus production) and thus 
may account in part for the clinical heteroge- 
neity observed in HTLV-111-infected indi- 
viduals. 

Experiments in v im  on PBL from AIDS 
patients showed that when a reagent that 
blocks viral replication (Suramin) and an 
immunologic regulator such as y-interferon 
are used together with antibodies to a- 
interferon, the immune defect in the T cells 
may be repaired, at least as assessed by IL-2 
production (8). The mechanism by which 
immunologic stimulation of infected cells 
results in activation of viral or cellular genes 
that in turn promote T-cell terminal differ- 
entiation may in part involve the process 
known as tram-aaing transcriptional activa- 
tion (13-1 6). This hypothesis is attractive in 
view of the recent demonstration that a 
product of HTLV-I11 promotes activity of 
the HTLV-I11 LTR (14). This phenomenon 
is reminiscent of the tramacting transcrip- 
tional activation of the chloramphenicol ace- 
tyltransferase (CAT) gene of HTLV-I and 
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HTLV-I1 LTR complexes (16) by the x-lor The major functional product of the 
proteins (now termed tatI and tat11 genes, HTLV-I11 gene (tatIII) responsible for 
respectively) derived from the 3' ends of the trans-acting transcriptional activation results 
HTLV-I and the HTLV-I1 genomes. These from a double-spliced messenger RNA 
proteins may promote both viral and cellular (mRNA) similar to the mRNA of HTLV-I 
gene expression. and HTLV-I1 (15, 16). The size of  tat^^^,, 

Fig. 2. Schematic representation of HTLV-Ill 
biglogical events leachg to HTLV- 
IIIILAV infection, viral expression, 
and death of T4 cells. At stage A, 
T4 lymphocytes, either activated or 
nonactivated, are preferential target 
cells for HTLV-IIIILAV. At stage Y" B, infected as well as noninfected 
T4 cells are activated either specifi- XAg or PHA 

c d y  by a corresponding antigen 
(XAg) or by exposure to blood or 
semen or, as in the experiments in 
vitro, by PHA. This activation initi- Immunologic 
ates effector differentiation by Cell gene expression 
expression of cellular genes (stage (Initiation of 
CI) which leads to promotion of differentiation) 

IL-2 secretion (physiological path- 
way, stage Dl) as well as accelerated and other 

lymphokines HTLV-IIIILAV expression (patho- 
logic pathway, stages C2 and D,). Proaresslon OR Acceleration of 

activated T4 cells maturation differentiation Maturation virus expression 
occurs progressively; in infected by TAT111 

gene expression 
cells viral expression is accelerated 
through tatIII gene product which 
greatly enhances virus expression 
and in Nrn leads to stage E, termi- 
nal differentiation, and cell death. Cell death 

Table 4. Viral expression in long-term cultures of 
T cells from normal donors after infection with 
HTLV-I11 in vitro. The T-cell cultures (25 days 
old) were treated for 0 to 3 days with polybrene 
(2 pglml), incubated in the presence of HTLV- 
IIIiLAV-containing culture supernatants for 1 
hour at 37C,  and cultured again in the presence 
of IL-2, cortisone, and sheep antiserum to human 
a-interferon. Afcer 1 to 2 hours, the infected 
cultures were washed twice and divided into two 
cultures. One was maintained in the same medi- 
um containing IL-2 (nonactivated) and the other 
(PHA-activated) was stimulated by PHA in the 
presence of macrophages and B cells, as described 
in Table 1. This experiment was repeated twice 
with similar results. 

Time 
PHA between viral 

RT 

infection activity* stim- 
ulation and PHA (10 

stimulation cpmlml) 

Experiment A 
0 46 
0 0 

Experiment B 
2 hours 27 
2 hours 0 

Experiment C 
1 day 38 
1 day 0 

Experiment D 
3 days 19 
3 days 0 

*Results show the peak activity of RT in culture superna- 
tants as described m Table l. 

Table 5. IL-2 secretion and HTLV-I11 produc- 
tion in infected human T4 leukemic cell lines 
before and afier activation with PHA. HUT-78 
and JM cell lines were treated with PHA for 24 
hours in the presence of macrophage and B cells 
as described in Table 1. Nonactivated and activat- 
ed cells were incubated with HTLV-III-contain- 
ing culture fluid for 1 hour at 37"C, washed twice, 
and cultured in RPMI 1640lFCS. 

IL-2 HTLV- 
PHA secre- 111* 

cell acti- tiont pro- 
line* vation (IL-2 U/ duc- 

lo4 cells) tion 

*Uninfected HUT-78 and JM cells do not express anv 
RT activity in the culture supernatant before or aftdr 
stimulation with PHA. tIL-2 secretion was mea- 
sured in culture supernatants from cells activated with 
PHA for 24 hours and from nonactivated cells just before 
HTLV-I11 infection. IL-2 assays were performed as 
described in Table 1, and the results are given in IL-2 
units (Transgene) (mean of triplicate samples). Variabili- 
ty in tri licate samples was less than 10%. *HTLV- 
III proLCtion was measured by RT activi as descr~bed Y in Table 1. RT activity was measured by [ H]th 
incor oration into trichloracetic acid-precipitabL%%i 
and 8 e  radioactivity ranged from 104 x lo5 to 5 x 10' 
c d m l .  Relative scores are indicated by the number of 
pPus signs. 

however, is smaller and its position in the 
viral genome different from tat1 and tat11 
(16). While tatI and tat11 may activate genes 
involved in T-cell proliferation, tat111 may 
augment the expression of genes involved in 
terminal differentiation leading to cell death. 
When primary cultures of T cells from AIDS 
patients are maintained by standard proce- 
dures, most of the cells die within 8 to 15 
days (4). However, our studies show that it 
is possible to select some of them for long- 
term growth by using low cell concentra- 
tions and a feeder layer of irradiated cells. 
Thus, their premature death in bulk culture 
may be due to the presence in the medium 
of products released by the numerous de- 
generating infected cells. Similar results 
were previously observed with T cells de- 
rived from lymph nodes and semen of AIDS 
patients (17, 18). Our results also suggest 
that multiple rounds of antigenic stimula- 
tion in vivo, as a result of infection with 
various microorganisms or exposure to d o -  
geneic cells such as semen or blood, may 
promote HTLV-I11 expression, T4 cell 
death, hrther spread of the virus, and ulti- 
mately an immunodeficiency syndrome 
(19). 
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