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LABORATORY INVESTIGATION

The relationship between HTLV-l-infected

cell lines and uveitis

Abstract @ Background: Recently
it has been revealed that human T-
lymphotropic virus type [ (HTLV-
I) infection causes uveitis in hu-
man. We previously reported
HTLV-I uveitis in a rabbit. To in-
vestigate the relationship between
HTLV-I infection and uveitis, we
established an HTLV-I-infected T-
cell clone from the cells infiltrated
in the anterior chamber of this rab-
bit and compared the viral produc-
tion with that in other HTLV-I-in-
fected cell lines. ® Methods: The
clonality was determined by South-
ern blot hybridization with various
restriction enzymes. Flow-cytomet-
ric analysis was used for investigat-
ing the expression of cell surface
antigens. To compare viral produc-
tion, we performed reverse tran-

scriptase assay of the culture media
and inhibition enzyme-linked im-
munosorbent assay to determine
the quantity of intracellular
HTLV-I antigens. ® Results: The
established clone was Ia (MHC
class II) positive T cell. This T-cell
clone was able to produce about
three times more HTLV-I antigens
than other HTLV-I-infected cell
lines tested. ® Conclusion: A T-
cell clone established from anterior
aqueous of an HTLV-I uveitis rab-
bit can produce more HTLV-1
antigen than other HTLV-I-infect-
ed cell lines tested and it can be
recognized easily by the immune
system. Therefore, this high virus
production may have a causal rela-
tion to uveitis.

Introduction

Human T-lymphotropic virus type I (HTLV-I) is
thought to be the causative agent not only of adult T-
cell leukemia (ATL) [1] but also of HTLV-I-associated
myelopathy (HAM/TSP) [2], HTLV-I-associated
arthropathy (HAAP) [3], and HTLV-I uveitis [4]. Sever-
al studies have revealed that HTLV-I causes immuno-
logic abnormalities in vitro [5—8]. Based on these find-
ings, HTLV-I-associated syndrome, which includes
these immune-mediated diseases, has been proposed.
There are several reports of experimental models of the
HTLV-I-associated syndrome [9, 10], and we previously
have reported HTLV-I uveitis in a rabbit [11]. There
have been no reports of the establishment of an HTLV-

I-infected T-cell line or clone from anterior chamber
infiltrating cells of HTLV-I uveitis patients. We estab-
lished a T-cell clone from the cells in the anterior
aqueous chamber of the eye for the first time, and a
T-cell line from the peripheral blood lymphocytes of this
rabbit. We also found the existence of antigenic crossre-
activity between HTLV-I and retinal antigens recog-
nized by T cells [12], and we postulated that as HTLV-I-
infected cells have more HTLV-I antigens, the immune
system can recognize and respond to HTLV-I-infected
cells and these responses lead to the expansion of au-
toreactive T cells against retina and to uveitis. There-
fore, in an effort to ascertain the relationship between
HTLV-I-infected cell lines and uveitis, we examined vi-
ral production in these cell lines.
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Materials and methods
HTLV-I uveitis model

One rabbit developed bilateral uveitis 3.5 years after transfusion
of 10 ml peripheral blood from an HTLV-I-infected rabbit [11].
Uveitis was diagnosed by histopathologic examination.

Cell lines

Two HTLV-I-infected cell lines were established. One, from the
peripheral blood, was named UV-2, while the other, from the
anterior chamber of the eye, was named UV-1. They were generat-
ed by co-cultivation with normal rabbit peripheral blood
lymphocytes which were attenuated by irradiation (10000 rad).
Other HTLV-I-infected cell lines included the human T-cell line
MT-2 [13], the rabbit T cell line Ra-1 [14], Melanesian ATL [15],
and the peripheral blood lymphocytes of an HTLV-I carrier pa-
tient (MN). All cell lines were cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum (FCS;
ICN Biomedicals Japan, Osaka) and 5x 10 °M 2-mercap-
toethanol (2-ME) in the presence of 50 IU/ml interleukin-2 (IL-2)
(Takeda, Osaka).

Generation of RAC-1 as the T-cell clone of UV-1

T-cell cloning was accomplished by limiting dilution [16]. Briefly,
UV-1 cells were plated at a density of 0.3 cells/well and cultured
on a 96-well flat-bottomed microplate (Nunc, Roskilde, Denmark)
in 200 pl of RPMI 1640 containing 10% FCS, 5x 10> M 2-ME,
and 50 IU/ml IL-2. Two weeks later, two T-cell sublines were
established. The same manipulation was repeated, and one clone
was established and designated RAC-1.

Detection of proviral DNA integrated in cellular DNA

More than 10" RAC-1 cells, MT-2 cells, and MN cells were used
to prepare cellular DNA. High-molecular-weight DNA was ex-
tracted by treating the cells overnight with sodium dodecyl sul-
fate/proteinase K, followed by phenol extraction. Then cellular
DNA was digested with EcoRI or PstI and the digest was separat-
ed by electrophoresis in an agarose gel. The DNAs in the gel were
blotted onto a nitrocellulose filter and hybridized with cloned
viral DNAs (lambda-HTLV-I) using standard conditions. The fil-
ter was washed several times at 65° C and then was exposed to
X-ray film at —70° C.

Cell surface markers and viral antigens

A monoclonal antibody to rabbit T cells (L11/135) [17] and rabbit
Ia (MHC class IT) antigen (2C4) [18] were used for the flow-cyto-
metric analysis. HTLV-I antigens were examined by fixed-cell in-
direct immunofluorescence using a reference serum from a patient
with ATL and monoclonal antibodies to HTLV-I p19 and p24
[19].

Flow-cytometric analysis

RAC-1 cells were incubated with the appropriate dilutions of the
first antibodies (anti-rabbit T cell and anti-rabbit Ia) for 30 min on
ice and washed once with PBS containing 1% FCS. The cells were
incubated further with FITC-conjugated second antibody for
30 min on ice. The cells were washed once, and flow-cytometric

analysis was performed in an EPICS 752 (Coulter Electronics,
Hialeah, Fla.).

Reverse transcriptase assay

The number of released virus particles was estimated by the detec-
tion of reverse transcriptase (RNA-dependent DNA polymerase)
activity in each cultured cell medium [20]. A quantity of 12 ml of
each culture medium, harvested when the cells reached a concen-
tration of 1 x 10° cells/ml, was centrifugated at 7200 g for 10 min
and the supernatant was then centrifugated at 120000 g for 3 h at
4° C. The pellet was resuspended in 50 ul of 50 mM Tris-HCI
(pH 7.8). Reverse transcriptase activity in 25 pl of the virus sus-
pension was assayed in a standard reaction mixture (100 ul) con-
taining 50 mM Tris-HCI (pH 7.8), 60 mM KCl, 0.05 mM MnCl,,
2 mM dithiothreitol, 0.05% Triton X-100, 0.4 A260 unit poly(A)
oligo(dT), and 5 pCi of *H-labeled 2’-deoxythymidine 5'-triphos-
phate (TTP; Amersham, Tokyo, Japan; 116 Ci/mmol) followed by
1 h incubation at 37° C. The acid precipitable counts were mea-
sured using a liquid scintillation analyzer.

Quantification of intracellular HTLV-I antigens

Cell pellets were made as above. Their cell membranes were de-
stroyed by 0.2% deoxycholic acid sodium, and then supercentrifu-
gated (30000 rpm, 90 minutes). After centrifugation, the superna-
tants were collected and named “HTLV-I antigen fluid”. The
amount of HTLV-I antigen in this fluid was measured by the
antigen competition method using a commercially available en-
zyme-linked immunosorbent assay kit (Eitest-ATL, EISAI,
Tokyo).

Results
Southern blot analysis

The cellular DNA samples were digested with EcoRI,
which does not cut the HTLV-I proviral genome. In this
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Fig. 1 Southern blot analysis of RAC-1. A discrete band was
detected in RAC-1 (lane 1), and multiple bands were seen in MT-2
(lane 2) and MN (lane 3)
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Fig. 2 Flow-cytometric analysis of RAC-1. More than half of
RAC-1 cells were positive for anti-T-cell marker (L11/135) and
anti-Ia marker (2C4)

assay, any provirus DNA sequence which integrated at
a single chromosomal location was detected as a dis-
crete band, but sequences which integrated into multi-
ple sites would yield multiple bands [21]. As shown in
Fig. 1, the HTLV-I proviral genome inserted in RAC-1
at only one site, whereas in MT-2 and MN it had many
insertion sites.

Flow-cytometric analysis

More than half of RAC-1 cells were positive for anti-T-
cell marker and anti-Ia (Fig. 2).

Fig. 3 Reverse transcriptase
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Fig. 4 Quantification of intracellular HTLV-I antigens. RAC-1
cells had about three times more HTLV-I antigens than did MT-2
cells. Dotted line parallel line of inclination of RAC-1 cells to
MT-2

Reverse transcriptase assay

As shown in Fig. 3, in experiments 1 and 2 the incorpo-
ration of [*H]-TTP in RAC-1 and UV-2 cells was about
three times greater than in the other HTLV-I infected
cell lines tested.

Quantification of intracellular HTLV-I antigens

In order for the HTLV-I antigen fluid of MT-2 and
RAC-1 to yield an equivalent absorbance (at 405 nm),
the HTLV-I antigen fluid of RAC-1 had to be diluted
threefold more, implying that RAC-1 cells had about
three times more HTLV-I protein antigen than did MT-
2 (Fig. 4).
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Discussion

There have been reports that HTLV-I causes autoim-
mune diseases such as myelopathy, arthropathy, and
uveitis. Several studies [22, 23] suggest that T cells are
involved in the etiology of uveitis. We also reported the
possibility that CD4-positive T cells play a role in
HTLV-I uveitis [12]. These reports led us to investigate
the part played in the generation of uveitis by HTLV-I-
infected cells, that have infiltrated into the anterior
chamber.

We have established an HTLV-I-infected T-cell clone
(RAC-1) from anterior chamber infiltrated cells of an
HTLV-I uveitis animal model for the first time and have
characterized it. This T-cell clone can produce HTLV-1
viruses as demonstrated by reverse transcriptase assay
and quantification of intracellular virus antigen. This
clone was able to produce greater quantities of HTLV-I
virus than any other HTLV-I-infected cell lines tested.

Ia (MHC class II) molecules are thought to be sur-
face markers for activated T cells [24], and RAC-1 cells
had Ia molecules on their surface. This suggests that
they were activated. In inflammatory diseases, especially
those thought to be caused by immunologic agents, the
proportion of la-positive T cells in peripheral blood
lymphocytes increases [24]. Even though HTLV-I-in-
fected cells were generally Ia positive, and Ia positivity is
not unique to RAC-1, there may be some relationship
between RAC-1 and the generation of uveitis in this
model.

For the reverse transcriptase assay, virus particles in
the culture medium were used, so that we only evaluat-
ed the quantity of secreted HTL V-1 virus particles from
cells. Furthermore, these types of assays do not always

parallel in vivo results. The reverse transcriptase assay
data suggest that RAC-1 and UV-2, which were derived
from an HTLV-I uveitis rabbit, can excrete three times
more virus particles than other HTLV-I-infected cell
lines tested.

As well as excreting HTLV-I antigens to extracellu-
lar spaces, RAC-1 cells had more HTLV-1 antigen
proteins in their intracellular spaces than did MT-2
cells.

We consider that the high viral production of RAC-1
led to a breakdown in the immune balance because of
the expression of much foreign antigen to the immune
system in vivo, so that RAC-1 cells were recognized by
the immune system, thus leading to uveitis. Whether
cells which produce large quantity of the virus are re-
sponsible for the immunologic response associated with
HTLV-I infection remains to be proven.

To confirm the relationship between RAC-1 and
uveitis, we believe that it is important to transfer the
RAC-1 cells into rabbits and observe whether or not the
animals develop uveitis. Such experiments are in pro-
gress.

Another important area of research is the level of
cytokine synthesis by these cell lines [25], because there
may be a direct relationship between such cytokine syn-
thesis and uveitis. Cytokines such as interleukin-1 and
tumor necrosis factor can augment inflammation and
damage tissues directly. Experiments which should help
clarify the mechanism of uveitis in this animal model are
also underway.
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