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to pseudotype infection (8). Thus the 
expression of HTLV receptors is not 
restricted to lymphoid cells, because 
many cell types derived from diverse 
mammalian species are permissive for 
HTLV adsorption and penetration. 

In this report we describe the produc- 
tive infection of a nonlymphoid human 
cell line by American and Japanese 
strains of HTLV. Furthermore, we show 
that cell-free transmission of HTLV is 
achieved in this line. 

Permissivity of HOS cells to HTLV 
replication. Five human and five animal 
cell lines known to have receptors for 
HTLV (8) were cocultivated with 
HTLV-producing C91IPL T cells. The 
human cells were 76051, embryonic lung 
fibroblasts, HOS osteogenic sarcoma 
cells, RD rhabdomyosarcoma cells, 
HeLa cervical carcinoma cells, and EJ 
bladder carcinoma cells. Animal cells 
were Vero African green monkey kidney 
cells, Fcf2th canine thymus murine sar- 
coma virus (MSV)-transformed Sf L-  
cells, feline CCC MSV-transformed 
S'L- cells, CCL64 mink lung cells, and 

Productive Infection and Cell-Free Transmission of Human XC Rous sarcoma virus (RSV)-induced 
rat sarcoma cells. In the first set of 

T-cell Leukemia Virus in a Nonlymphoid Cell Line 

Abstract. Human T-cell leukemia virus (HTLV),  American PL  isolate, was 
transmitted by cocultivation and by cellfree Jiltrates to a nonlymphoid human 
osteogenic sarcoma (HOS) cell line, designated HOSIPL, but not to nine other lines 
bearing receptors for HTLV. HOS and HOSIPL cells are not dependent on 
interleukin-2 and do not express interleukin-2 receptors that are recognized by anti- 
Tac monoclonal antibody. HTLV released by the Japanese MT2 cell line was also 
transmitted to HOS cells. The infected HOS cells release substantial titers of 
progeny HTLV which is antigenically indistinguishable from parental virus and is 
able to transform T cells. 

Human T-cell leukemia virus (HTLV) cate that HTLV interacts with the sur- 
is a C-type RNA tumor virus associated face of a number of cell types. Further 
with a mature form of adult T-cell leuke- studies with vesicular stomatitis virus 
mia-lymphoma (ATLL). HTLV was first (VSV) pseudotypes bearing the envelope 
isolated and characterized from patients glycoproteins of HTLV showed that 
in the United States (I) and later in Japan there is a broad range of cells susceptible 
(2) ,  and in patients of West Indian origin 
(3) and in Israel (4). Human umbilical , , ~, 

cord lymphocytes and peripheral blood 
lymphocytes cocultivated with HTLV- 
releasing lymphoma cells become infect- 
ed and transformed in vitro (4, 5). Trans- 
formation of simian and rabbit peripheral 
blood T cells by HTLV has also been 
reported (6). Several of the T-cell lines 
transformed in vitro produce larger 
quantities of HTLV particles than the 
original tumor lines. 

We have recently demonstrated that 
cocultivation of HTLV-producing cells 
with a variety of human and animal non- 
lymphoid cell types induces cell fusion, 
leading to the formation of large, multi- 
nucleated syncytia as a result of HTLV 
expression (7). These observations indi- 

experiments HTLV-producing cells 
were not x-irradiated but during serial 
passage the lymphoma cells were soon 
lost from the adherent cultures. The cells 
were maintained in Dulbecco-modified 
Eagle's medium with 5 to 10 percent fetal 
calf serum and were passaged for 5 
months. 

Although each of the ten cell types 
cocultivated with HTLV-producing cells 
was susceptible to HTLV penetration 
and eight were susceptible to HTLV- 
induced cell fusion, only one cell type, 
the HOS cell line (9 ) ,  was permissive for 
HTLV replication. During the first 2 
weeks of cocultivation, cell fusion oc- 
curred among the HOS cells, but with 
the loss of C91IPL cells on passage, the 

Table 1. Virus production, syncytium induction, pseudotype formation, and antigen expression 
by HOSIPL cells. 

Percentage of 
VSV cells immuno~uorescent 

Cell Reverse (HTLV) 

line trans- pseudo- HTLV antigens$ 
ciptase* indue- IL-2 F Y P ~  T-cell recep- 

tion' t t e r  ATLL 
~ 1 9  

marker7 
tor I1 

C91IPL 16361 +++ 3 x lo3 87 89 72 85 
HOSIPL 18890 ++++ 5 x lo4 98 82 0 0 
HOS 926 - < 10' 0 0 0 0 

~ - -  ~~ 

*Assay of viral RNA-directed DNA polymerase, expressed as the counts per minute of [3H]TMP 
incorporated during incubation for 60 minutes at 37°C (7). :XC indicator cells were cocultivated w ~ t h  test 
cells for 18 hours and examined for syncytia (7).  The results are expressed as the percentage of nuclei 
contained within syncytia: -, no syncytia; + + +, 30 to 50 percent; + + + +, > 50 percent. $Plaque- 
forming units per milliliter of vesicular stomatitis virus (VSV) with envelope antigens specific to HTLV 
(8).  §Indirect immunofluorescence on fixed cells using serum from an antibody-positive ATLL patient ( 7 )  
and monoclonal antibody to p19 (10). TIndirect immunofluorescence with UCHTl monoclonal antibody 
(12) on live cells. / /  Indirect immunofluorescence with anti-Tac monoclonal antibody (14) on live and 
fixed cells. 
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Fig. 1 .  Budding and mature virions resem- 
bling HTLV produced by HOSPL cells. One 
particle is contained within a coated pit 
(x 105,000). 

syncytia disappeared. However, after 8 
weeks' passage syncytia reappeared in 
the HOS cell monolayer indicating pro- 
ductive infection. By 10 weeks the cul- 
tures were full of syncytia, after which 
they gradually disappeared again. Virtu- 
ally no syncytia could be seen by 12 
weeks, although by this stage almost all 
cells expressed HTLV antigens. It ap- 
pears that only the uninfected cells are 
sensitive to syncytium induction by 
HTLV. When all the cells express 
HTLV envelope antigens, the cell sur- 
face receptors become saturated and 
no further cell fusion takes place. The 
virus-infected subline was designated 
HOSPL. 

C-type particles with the morphology 
of HTLV were observed as budding and 
mature virions in electron micrographs 
of HOSPL cultures (Fig. 1). No virus 
particles were evident in uninfected 
HOS cells. The relative amount of virus 
particles was measured by reverse tran- 
scriptase assay (Table 1) in which there 
was a preference for Mn2+ cations. 
HTLV production by HOSPL cells was 
slightly higher than C91PL cells, the T- 
cell line used for cocultivation. 

HOS cells were also cocultivated with 
MT2 cells, producing a Japanese strain 
of HTLV known as ATLV (2). After 3 
months syncytia appeared and by 4 
months the HOSIMT2 subline produced 
substantial amounts of viral antigens. 

Immunological properties of HTLV 
produced by HOSIPL cells. When the 
fully infected HOSPL cells were mixed 
with uninfected HOS or XC "indicator" 
cells, syncytia were induced in the indi- 
cator cells (Table 1). Syncytium induc- 
tion was specifically inhibited in the 
presence of ATLL patients' sera, as de- 
scribed previously for HTLV-producing 
T cells (7), demonstrating HTLV mem- 
brane antigen specificity. 

VSV particles bearing HTLV enve- 
lope glycoproteins can be produced by 
infecting HTLV-producing T cells with 
VSV (8). VSV(HTLV) pseudotypes 
were detected following infection of 
HOSPL cells with VSV (Table 1). The 
plaque-forming activity of these pseudo- 
types was completely neutralized by se- 
rum (at a 1: 250 dilution) from a patient 
with ATLL. 

An indirect immunofluorescence as- 
say for HTLV structural antigens was 
camed out with serum from an antibody- 
positive ATLL patient. Nearly 100 per- 
cent of HOSPL cells expressed HTLV 
antigens (Fig. 2). Bright fluorescent re- 
gions in the cytoplasm and spots on the 
cell surface were observed as well as 
diffuse fluorescence around the nucleus. 
In addition, immunofluorescence re- 
vealed by monoclonal antibody to the 
HTLV core antigen p19 (10) was positive 
in HOSPL cells (Table 1). No significant 
fluorescence was observed in uninfected 
HOS cells. 

HTLV-specific proteins synthesized 
by HOSPL cells were also detected by 
radioimmunoprecipitation and gel elec- 
trophoresis (Fig. 3). Immunoprecip- 
itation by monospecific antiserum to p24 
(11) revealed the synthesis in HOSPL 
cells of proteins with apparent molecular 
weights of 27,000, 37,000, and 57,000. 

Fig. 2. Immunofluorescence of we fi&d HOSPL cells treated 
with serum from a ~atient with 
ATLL and goat antiserum to 
human immunoglobulin G 
conjugated with fluorescein 

, isothiocyanate. 

a b c d  e f 

Fig. 3. Radiofluorograph of immunoprecip- 
itation followed by polyacrylamide gel elec- 
trophoresis of [35S]methionine-labeled pro- 
teins synthesized in HTLV-infected and unin- 
fected cell lines. Lanes a, b, and c: precipita- 
tion of C91PL, HOSPL, and HOS lysates, 
respectively, by rabbit antiserum to p24 se- 
rum (10). Lanes d, e ,  and f: precipitation of 
C91/PL, HOSIPL, and HOS lysates, respec- 
tively, by human ATLL serum. HTLV-spe- 
cific polypeptides with molecular weights of 
27,000 (27K), 34K, 37K, 57K, and 66K are 
indicated. Defined proteins ranging from 21K 
to 85K (not shown) were used as molecular 
weight markers in the same gel. A,  actin. 

With serum from an ATLL patient, fur- 
ther labeled proteins were precipitated, 
the major one being a broad band of 
66,000 apparent molecular weight. All 
the major proteins present in C91PL 
cells were also present in HOSPL cells 
but with the exception of actin were not 
seen in uninfected HOS cells. 

The results of the antibody-specific 
immunofluorescence, immunoprecipita- 
tion, syncytium inhibition, and pseudo- 
type neutralization experiments show 
conclusively that the virus produced by 
HOSPL cells is HTLV. 

HOS cells lack T-cell markers and IL- 
2 receptors. HOS and HOSPI, cells 
were tested for expression of a surface 
antigen common to all T cells, recog- 
nized by UCHTl monoclonal antibody 
(12). Neither cell type was positive for 
this antigen, providing additional evi- 
dence besides their morphology and re- 
ported origin (9) that HOS cells are not T 
cells. . 

T-cell growth factor, also known as 
interleukin-2 (IL-2), is a glycoprotein 
synthesized and secreted by certain T 
lymphocytes following activation with 
antigen or mitogen (13). IL-2 is required 
for proliferation and maintenance of ma- 
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ture T cells in long-term culture. Mono- 
clonal antibody specific for the IL-2 
membrane receptor (anti-Tac) suppress- 
es IL-2-induced proliferation of T cells, 
and blocks the binding of IL-2 to cells 
(14). Several of the HTLV-producing T- 
lymphoma cells do not require exoge- 
nous IL-2 for proliferation in culture. All 
HTLV-transformed T-cell lines, howev- 
er, express the IL-2 receptor which be- 
comes preferentially associated with the 
virions of HTLV (15). It has been sug- 
gested that the IL-2 receptor may play a 
role in HTLV infection and transforma- 
tion (15). We therefore investigated 
whether the expression of IL-2 receptors 
was involved in the infection of HOS 
cells by HTLV. 

To detect the presence of IL-2 recep- 
tors on the membranes of HOS and 
HOSIPL cells, we performed indirect 
immunofluorescence with anti-Tac 
monoclonal antibody (Table 1). With this 
assay the presence of IL-2 receptors was 
detected in C91IPL T cells but neither in 
virus-producing HOSIPL nor in uninfect- 
ed HOS cells, indicating that the IL-2 
receptor is not necessary for HTLV rep- 
lication and is not equivalent to the 
HTLV receptor. 

HOS HTLV transforms T cells. To 
determine whether HTLV produced by 
HOSIPL cells is able to transform T 
lymphocytes, x-irradiated HOSIPL cells 
were cocultivated with phytohemaggluti- 
nin (PHA)-stimulated mixed human ton- 
sil lymphocytes initially in the presence 
of IL-2. A transformed, HTLV-produc- 
ing line of IL-2-independent T cells be- 
came established within 6 weeks. Thus 
the T-cell transforming property of 
HTLV was not lost upon passage 
through HOS cells. 

Cell-free transmission of HOS HTLV. 
The infection of HOS cells was repeated 
and confirmed with x-irradiated (5000 R) 
HTLV-producing C91IPL and HOSIPL 
cells. When fresh HOS cells were cocul- 
tivated with x-irradiated HOSIPL cells, 
the HOS cells became infected and pro- 
duced HTLV within 3 weeks, rather than 
10 weeks that elapsed after cocultivation 
with C91IPL cells. Since the amount of 
virus released from HOSIPL and C91IPL 
cells was not markedly different as mea- 
sured by reverse transcriptase (Table l) ,  
this result suggests that HTLV produced 
by HOSIPL cells has become adapted for 
more efficient replication in this cell 
type. 

It may be argued that cocultivation of 
HOS cells with HTLV-infected T cells 
allowed the transfer of chromosomes 
bearing HTLV proviruses into the HOS 
cells by cell fusion, even though the 

HOS cells did not bear T-cell markers. 
We therefore attempted to perform cell- 
free transmission of the HTLV. Clarified 
and filtered (0.2 km) medium harvested 
from HOSIPL cell cultures was added to 
subconfluent cultures of HOS cells in the 
presence of DEAE-Dextran (25 ~Uml) .  
After incubation for 1 hour at 37'C, 
growth medium was added and the cells 
were passaged twice a week. After 3 
weeks the infected cells produced syncy- 
tia, and complete infection was estab- 
lished within 7 weeks. 

On repeating cell-free infection of 
HOS cells, the appearance of HTLV 
antigens and syncytia was followed by 
immunofluorescent and cytological as- 
says performed at 1, 3, 7, 14, 21, 28, and 
35 days after infection. Syncytia first 
became evident 14 days after infection 
and by 21 days numerous syncytia were 
seen. HTLV antigens were first detect- 
able by immunofluorescence 21 days af- 
ter infection, increasing in cell number 
and intensity thereafter. It is likely that a 
very small proportion of cells are initially 
infected and that the virus progressively 
spreads through the culture during sub- 
sequent passage. However, we cannot 
rule out the possibility that the majority 
of cells become infected by the original 
inoculum but do not express viral anti- 
gens until several weeks later. 

Discussion. HTLV has been success- 
fully transmitted by cocultivation to oth- 
er human, simian, and rabbit cells of 
lymphoid origin (46) .  Cell-free trans- 
mission of HTLV to human bone mar- 
row cells has recently been observed 
(16). Here we show that HTLV is trans- 
missible to nonlymphoid cells, by cocul- 
tivation with infected cells as well as by 
culture with filtered medium from such 
cells, and that virus-producing cell lines 
can be established. The uninfected HOS 
line and the HOSIPL and HOSIMT2 sub- 
lines proliferate in culture medium sup- 
plemented with fetal calf serum, without 
a requirement for specific growth fac- 
tors. Bovine leukosis virus, which is 
distantly related to HTLV, can also be 
transmitted to nonlymphoid cells (17). 

Because HTLV-transformed T cells 
represent cells derived from an un- 
known, minority T-cell subset in fresh 
lymphocyte cultures, there exist no con- 
trol, uninfected cell lines directly compa- 
rable to the HTLV-infected cells. HOS, 
HOSIPL, and HOSIMT2 cells provide 
such a system, which is now being used 
in serological studies of ATLL and AIDS 
patients. This system enables us to dis- 
tinguish in immunofluorescence studies 
between virus-specific and cell-specific 
antibodies in these patients' sera. 

HOSIPL cells are also useful as a source 
reagent for serological assays because 
they consistently produce high titers of 
HTLV antigens. 

Experiments on the infection of HOS 
cells with HTLV-2 (18) and with HTLV- 
like viruses isolated from AIDS patients 
(19) and from nonhuman primates (20) 
should make possible detailed compari- 
sons of the various HTLV strains. 
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