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Abstract

HTLV-I is a transforming human retrovirus that is an etiologic
agent of adult T cell leukemia/lymphoma. To investigate the
effects of this virus on T cell functions, two OKT3+, OKT4+,

KI8- cytotoxic clones (8.7 and 8.8) specific for allogeneic cells
bearing DPw2, a class II histocompatibility antigen, were studied
before and after infection with HTLV-I. The clones retained
cytotoxic function for up to 70 d after exposure to HTLV-I, even
without subsequent antigenic stimulation, but then lost their cy-
totoxic activity. Prior to infection with HTLV-I, clone 8.8 also
lysed OKT3 hybridoma cells; after infection, cytotoxic activity
against these OKT3-antibody bearing cells was lost in parallel
with the loss of activity against DPw2-bearing target cells. In
addition, expression of T3 surface antigen by HTLV-I-infected
8.8 cells was decreased at a time when they lost their cytotoxic
activity, possibly contributing to the loss of cytotoxic function.
Finally, clone 8.8 could provide help for nonspecific IgG pro-

duction by autologous B cells when stimulated with irradiated
IDPw2-bearing non-T cells. After infection with HTLV-I, this
helper function became independent of DPw2-stimulation and
persisted even when the cytotoxic activity was lost. An OKT4+
T cell clone thus could simultaneously manifest both cytotoxic
and helper T cell activities, and these activities were differentially
affected after HTLV-I infection.

Introduction

HumanT cell leukemia virus, type I (HTLV-I),' is an exogenous
human retrovirus that is tropic for T cells bearing the OKT4
surface phenotype although other cell types can be infected ( 1-

3). HTLV-I was first isolated from a patient with adult T cell
leukemia/lymphoma (ATL) in the United States (1) and has
been shown to be an etiologic agent of this disease in several
parts of the world (2, 4, 5). In addition, HTLV-I infection has
been associated with impairment of immune function; patients
with ATL often develop opportunistic infections with agents
such as Pneumocystis carinii even before they receive immu-
nosuppressive chemotherapy (5), and otherwise asymptomatic
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persons infected with HTLV-I have been shown to have an in-
creased incidence of infectious diseases (6).

The behavior of HTLV-I in tissue culture mirrors these clin-
ical manifestations. T cells infected with HTLV-I become trans-
formed with increased expression of interleukin 2 (IL-2) receptors
and a reduction or elimination in their requirement for inter-
leukin 2 (3, 7). In addition, HTLV-I has been shown to induce
alterations in specific T cell functions. After infection with
HTLV-I, antigen-specific clones have been observed to lose their
requirement for antigen presentation by accessory cells with
shared histocompatibility antigens in order to proliferate or to
provide help for immunoglobulin (Ig) production (8, 9). Cyto-
toxic clones have been shown to lose their cytotoxic function
(9). Finally, T cell lines infected with HTLV-I have been shown
to constitutively secrete a variety of lymphokines (10, 1 1) and
to proliferate when stimulated with cells bearing any class II
histocompatibility antigen (12).

The relationship between these various alterations in T cell
function is at this point not clear, and the intracellular mecha-
nisms responsible for them are largely unknown. In this article,
we show that a class II alloantigen-specific T cell clone with both
cytotoxic activity and helper function for Ig production retains
its cytotoxic function for -60-70 d after infection with HTLV-
I but then loses it, and that the loss of cytotoxic function by this
clone is associated with a decreased expression of T3 surface
antigen. Nonspecific helper activity for Ig production, however,
persisted following HTLV-I infection and became independent
of antigenic stimulation. These results indicate that HTLV-I
infection can simultaneously induce a variety of changes in T
cell function; these changes likely result from a complex series
of interactions between the viral gene products and intracellular
regulatory mechanisms. These changes in T cell function may
contribute to the immunosuppression seen with HTLV-I infec-
tion, and this immunosuppression may conceivably be permis-
sive for the development of ATL.

Methods

Generation of DPw2-specific cytotoxic T cell clones. Two cytotoxic T
cell clones, 8.7 and 8.8, specific for DPw2 (formerly SP2) alloantigen
were generated as previously described (13) and were generously provided
for these studies by William E. Biddison (National Institute of Neuro-
logical, Communicative Disorders, and Stroke, Bethesda, MD) and J.
Stephen Shaw (National Cancer Institute, Bethesda, MD). Briefly, a bulk
cytotoxic effector population was generated in a secondary mixed lym-
phocyte reaction between peripheral blood mononuclear cells (PBMC)
from donor F2 and a stimulator donor who was matched for HLA-A, -
B, -C, -D, -DR, and -DQ but mismatched for DP. These effector cells
were cloned at 0.3 cells per well in the presence of irradiated stimulator
PBMCand expanded by repeated stimulation. The clones were originally
maintained in RPMI 1640 medium (Gibco, Grand Island, NY) supple-
mented with penicillin (100 U/ml), streptomycin (100 ,tg/ml), 10% hu-
man plasma, and 10% phytohemagglutinin-stimulated PBMCsuper-
natant as a source of IL-2 (13), but later transferred to media containing
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10% fetal calf serum (FCS) (Gibco) instead of human plasma and 15%
mitogen-depleted IL-2 (Cellular Products, Buffalo, NY). Clones 8.7 and
8.8 were OKT3', OKT4', and OKT8-, and had specificity against cells
bearing DPw2 (13, 14). Aliquots of the clones were sometimes frozen,
stored in liquid nitrogen, and subsequently thawed.

Additional cell lines. MJ-tumor is an HTLV-I producing neoplastic
T cell line derived from patient MJ with acute T cell leukemia/lymphoma
and now propagated in the absence of exogenous IL-2 (9). MI6B, Y2B,
H9B, F2B, FBI IB, and M14Bare B cell lines derived by transformation
with the B95-8 strain of Epstein-Barr virus (EBV) from donors
M16, Y2, etc., respectively (13). K562 is a natural killer cell-sensitive
erythroid cell line. The OKT3hybridoma (producing anti-T3 antibody)
was obtained from the American Type Tissue Collection, Bethesda, MD.

Cytotoxicity assay. A 4-h "Cr-release assay was carried out in round-
bottomed microtiter plates (Linbro Chemical Co., Hamden, CT) as pre-
viously described ( 13) with the modification that 5,000 target cells were
used in each well. In certain experiments, lectin-mediated cytotoxic
function was assessed in the presence of 20 pg/ml of concanavalin A
(Con A) (Calbiochem-Behring Corp., Div. of American Hoechst Corp.,
La Jolla, CA). The percentage of specific "Cr release at a given effector
target (E:T) ratio was calculated as [(release with effector cells - spon-
taneous release)/(maximum release - spontaneous release)] X 100%.
Spontaneous release was <30% of the maximum release for all target
cells.

IgG biosynthesis assay. The ability of T cell lines to provide helper
or suppressor activity for polyclonal IgG synthesis by autologous (F2) B
cells was investigated using a microplate assay system. PBMCwere ob-
tained from donors F2 and Y2 by Ficoll-Hypaque centrifugation. T cell
enriched and depleted populations were separated by rosetting with 2-
aminoethylisothioronium bromide-treated sheep red blood cells followed
by separation of rosette-forming cells on Ficoll-Hypaque gradients (15);
the T cell-enriched fraction are referred to as "T cells" and the B cell-
enriched fraction as "B cells." These B cells, T cells, and the cell lines
to be assayed were depleted of cytophilic Ig by two centrifugations through
FCS. The ability of 8.8 cells to provide help for IgG production by au-
tologous F2 B cells was assessed by culturing 5 X 104 F2 B cells with 5
X 104 8.8 cells (HTLV-I uninfected or infected) in the presence or absence
of 5 X 104 irradiated (3,000 rad) Y2 (DPw2+) B cells as a source of DPw2
antigen. The ability of 8.8 cells to suppress IgG production was assessed
by culturing 5 X 104 8.8 cells (HTLV-I uninfected or infected) with 5
X 104 F2 B cells and I X 10' irradiated (2,000 rad) F2 T cells in cultures
stimulated with pokeweed mitogen (PWM) (Gibco) 1:I00 (vol/vol) final
dilution. All cultures were done in triplicate in 96-well round-bottomed
plates (Costar, Data Packaging, Cambridge, MA) in 0.2 ml of RPMI
1640 media supplemented with 50 U/ml penicillin, 50 ug/ml strepto-
mycin, 4 mML-glutamine, and 10% FCS (all from Gibco). Cumulative
secretion of IgG over 10 d in culture was measured by a sandwich enzyme-
linked immunosorbent assay (ELISA) as previously described (16). Geo-
metric means and standard deviations were calculated for the triplicate
cultures.

Analysis of cellular antigens. The expression of surface antigens on
the infected and uninfected T cell clones was assessed by reactivity with
the fluorescein-conjugated monoclonal antibodies OKT3, OKT4, OKT8
(Ortho Pharmaceutical, Raritan, NJ), anti-Leu 8, and anti-IL-2 receptor
(IL-2 R) (Becton-Dickinson & Co., Mountain View, CA) by flow cyto-
metry. Paired samples were analyzed on an Ortho cytofluorograf system
30-H with a 2150 computer (Ortho Diagnostic Systems, Inc., Westwood,
MA). This instrument has the capability of simultaneously measuring
forward and right-angle scatter and detecting red and green fluorescence
using a single Lexel argon laser (488 nm). Dead cells were excluded from
analysis by red fluorescence (i.e., staining of the DNAin dead cells by
propidium iodide), and viable lymphocytes were selected using a com-
bination of forward and right-angle scatter.

The expression of HTLV-I gag proteins p19 and p24 was determined
by immunofluorescent microscopy as previously described (10, 17). HLA
serotyping of the lines was done by Dr. Richard Aster of the Blood
Center of Southeastern Wisconsin under National Cancer Institute con-
tract NOI-CB-33935.

Analysis of HTLV-I proviral sequences. High molecular weight DNA
prepared from clone 8.8 following exposure to MJ tumor cells or from
an EBV-transformed B cell line was digested for 16 h at 370C with Eco
RI (Boehringer Mannheim Biochemicals, Indianapolis, IN) or BamHI
(International Biotechnologies, NewHaven, CT) in buffers specified by
the manufacturers. These digests (30 jig/lane) were subjected to electro-
phoresis overnight at 40 V in 0.8% agarose, transferred to nitrocellulose,
and analyzed by hybridization with a 32P-nick-translated probe, pCH- 1,
which contained the pol, env, and pX sequences of HTLV-I as described
(18). Hind III digested fragments of X-phage DNAwere simultaneously
run as size markers.

Results

Infection of T cell clones with HTLV-I. Cells from T cell clones
8.7 and 8.8 taken -28 d after cloning were infected with HTLV-
I by co-culturing 0.3 X 106 of these cells with 1 X 106 irradiated
(12,000 rad) MJ tumor cells and 2 X 106 irradiated (3,000 rad)
PBMCfrom DPw2' donor Y2. Clone 8.7 was infected on one
occasion and the resulting line named 8.7H 1; clone 8.8 was
infected three times and the lines named 8.8H1, 8.8H2, and
8.8H3. The lines were fed every 4-5 d with media enriched with
15% IL-2. 8.7H 1 and 8.8H2 were restimulated with irradiated
(3,000 rad) SB2+ PBMCevery 8-11 d, whereas 8.8H1 and 8.8H3
were not.

Prior to infection with HTLV-I, clones 8.7 and 8.8 were IL-
2-dependent and required repeated stimulation with DPw2+
cells. In the absence of antigenic stimulation, their growth slowed
after 7 d and the cells died within 21 d. With repeated antigenic
stimulation, they grew well in culture for -45 d after the time
that aliquots were taken for infection with HTLV-I; beyond this
point, their growth slowed and they eventually died.

When these clones were exposed to MJ tumor cells, several
changes were observed in their growth characteristics. In each
case, their growth rate increased within 15 to 20 d, and after 30
d, increased cell clumping was observed. There was a partial
loss of IL-2 dependence (cells could be maintained for 10 d
without IL-2) although they never became completely IL-2 in-
dependent. Finally, the lines lost their requirement for repeated
antigenic stimulation in order to grow.

Cytotoxic function of 8.7 and 8.8 prior to andfollowing in-
fection with HTLV-I. Before exposure to MJ tumor cells, clone
8.7 lysed DPw2+M16B target cells (38±5% lysis at 5:1 E:T ratio,
mean±SD), but failed to lyse DPw2- autologous F2B target cells
(8±4% lysis) (Fig. 1). 8.7H1 retained this cytotoxic function for
50 d in culture after exposure to HTLV-I, but then lost this
activity over the next 25 d despite repeated stimulation with
DPw2+PBMC(Fig. 1).

Before infection with HTLV-I, clone 8.8 likewise lysed SB2+
M16B target cells (mean 47±25% lysis at 5:1 E:T ratio in six
separate determinations) but failed to lyse SB2- F2B target cells
(4±6% lysis) (Fig. 2). This cytotoxic activity was retained as long
as the clone was maintained in culture. The three lines obtained
after exposure of 8.8 to MJ tumor cells (8.8H1, 8.8H2, and
8.8H3) each retained cytotoxic function for up to 70 d, but then
lost this activity. This loss of cytotoxic activity occurred both in
the presence (8.8H2) and absence (8.8H1 and 8.8H3) of repeated
antigenic stimulation with SB2+ PBMC. Lines 8.8H1 and 8.8H3
were HLA serotyped and each was found to express A1, A2, B7,
B8, DR2, and DR4, identical to that of the original donor of
the line (F2) but different from that of MJ-tumor cells (Al, B8,
Cw6, Cw7, DR3, and DR7). Loss of cytotoxic function thus was
not due to contamination with MJ tumor cells, and no additional
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Figure 1. Cytotoxic func-
tion of clone 8.7 before and
at various times following
exposure to HTLV-I. Tar-
get cells were EBV-trans-
formed lines from donor
M16 (DPw2+) (o) or F2
(DPw2-) (-). Each point de-
picts the mean of triplicate
determinations at a 5:1 E:T
ratio; error bars depict ± I
SD.

HLA antigens were expressed following infection with HTLV-
I as has been reported in certain other cell lines ( 19, 20).

HTLV-I infected T cell lines have been shown to proliferate
in response to stimulator cells bearing any class II histocom-
patibility antigen (12), and we wondered if cytotoxic function
might also become polyspecific. 8.8H3 was thus tested for cy-
totoxic activity against a variety of target lines (Table I). As can
be seen, both before and 36 days after its exposure to HTLV-I,
it lysed each of three DPw2' targets (H9B, M16B, and Y2B),
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Figure 2. Cytotoxic function of clone 8.8 before exposure to HTLV-I
and of three sublines (8.8H1, 8.8H2, and 8.8H3) at various times after
exposure to HTLV-I. Subline 8.8H2 was repeatedly stimulated with
DPw2-bearing PBMC, while 8.8HI and 8.8H3 were not. Bars on the
left show the mean±SDof six separate determinations of the cytotoxic
function of 8.8 against EBV-transformed B cell lines derived from do-
nor M16 (DPw2+) (clear bar) and F2 (DPw2-) (shaded bar). Each
point shows the mean of triplicate determination against the B cell
lines from M16 (o) or F2 (-); error bars depict ± I SD.

but failed to lyse any of four DPw2- targets (F2B, FB6B, FBi IB,
and M14B) or the natural-killer cell sensitive line K562 (Table
I). By day 120, when it had lost its activity against DPw2+M16B
cells, it also failed to lyse DPw2+ Y2B cells and again failed to
lyse either DPw2- F2B cells or K562 target cells. Thus, neither
the uninfected nor the infected line had natural killer activity,
and 8.8H3 retained specificity for DPw2-bearing targets for at
least 36 d after co-culture with MJ tumor cells (in the absence
of further antigenic stimulation).

Evidence for HTLV-I infection by 8.7 and 8.8 following ex-
posure to MJtumor cells. Clones 8.7 and 8.8 were examined for
expression of HTLV-I gag proteins p19 and p24 before infection
both before and after co-culture with MJ tumor cells. Neither
clone expressed any detectable p19 or p24 prior to infection;
each line tested after exposure to MJ tumor cells, however, ex-
pressed viral gag protein on at least a proportion of the cells
(Table II). In the case of line 8.8H 1, however, only 10% of the
cells were positive for p19 or p24 on day 36 (at a time when
cytotoxic function was lost), and only faint expression of these
proteins was noted. Because of this barely detectable expression
of viral gag proteins, this line was further studied by Southern
blot hybridization to determine whether it indeed contained
HTLV-I provirus.

After digestion of DNAfrom line 8.8H 1 (day 86) with Eco
RI, which does not cleave within the HTLV-I genome (21), a
single band of -9.5 kilobase (kb) in length was obtained using
the pCH-I (pX-env plus pol) HTLV-I probe (Fig. 3). In contrast,
no hybridization was observed to DNA from an EBV-trans-
formed cord blood B cell line. This result indicates that 8.8H1
contained HTLV-I proviral DNA integrated in a monoclonal
or oligoclonal fashion. Following digestion with BamHI (which
has two cleavage points within the genome of HTLV-I from
patient MJ) (1 8), 5 bands were obtained at - 1.0, 3.4, 6.6, 8.0,
and 9.6 kb. The 1.0-kb band represents the internal proviral
fragment bound by these two internal cleavage sites (18), and
its presence indicates that there were no major deletions in this
region of the provirus. The other bands represent unique inte-
gration sites and indicate that 8.8H1 contained the HTLV-I pro-
virus integrated in an oligoclonal manner. Taken together, these
results indicate that at least some cells in 8.8H1 were infected
with HTLV-I in an oligoclonal fashion.

Investigation of the loss of cytotoxicfunctionfollowing HTLV-
I infection. To further investigate the loss of cytotoxic function
after HTLV-I infection, the ability of infected 8.8H i cells to
suppress or block the cytotoxic function of uninfected 8.8 cells
was studied. As shown in Fig. 4, a 10-fold excess of 8.8H1 cells
failed to suppress or block the ability of uninfected 8.8 cells to
lyse M16B cells. MJ tumor cells similarly tested also failed to
inhibit the function of 8.8 cells. Noncytotoxic 8.8H1 cells thus
could not inhibit the cytotoxic function of 8.8 cells when added
during the 4-h assay period.

Recent studies have indicated that the OKT3surface antigen
is coexpressed with the T cell antigen receptor (22, 23), and
OKT3 antibody has been shown to block the cytotoxic effector
function of clone 8.8 (13, 14). In addition, Hoffman et al. (24)
have recently found that the OKT3 murine hybridoma is lysed
by cytotoxic T cells, presumably by the binding of OKT3 an-
tibody on the surface of this hybridoma to the OKT3-T cell
receptor complex. With this background, the ability of uninfected
and HTLV-I infected 8.8 cells to lyse target cells expressing
OKT3antibody was studied. As shown in Fig. 5, cytotoxic ac-
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Table I. Specificity of Cytotoxic Function of 8.8H3 after Infection with HTLV-I

%Lysis at 10:1 E:T ratiot

HLA phenotype* Effector line

Target cell A B C DR DQ DP 8.8 8.8H3 (day 36) 8.8H3 (day 190)

H9B 1,2 7,8 7 2,3 wl,w2 wl,w2 12 21 ND§
M16B 1,3 8,14 2,3 wl,w2 wl,w2 35 26 3
Y2B 26,32 41,52 4 5,7 w2,w3 wl,w2 46 43 5
F2B 1,2 7,8 2,4 w1,w3 w4,w5 0 1 2
FB6B 25,31 15,40 3 4,4 w3,- w4, 2 4 ND
FB11 B 25,31 15,40 3 4,4 w3,- wI, -1 2 ND
M14B 1,3 8,14 - 2,3 wl,w2 w3,w4 1 2 ND
K562 1 2 6

* EBV-transformed B cell lines used as targets were from donors with the listed HLA phenotypes. K562 is a natural killer cell-sensitive erythroid
cell line. t Results shown are the mean of triplicate determinations. Standard deviations were - 3% in all cases. § ND, Not done.

tivity against the OKT3hybridoma was lost in parallel with the
loss of cytotoxic activity against DPw2+ targets. In addition,
while the uninfected 8.8 clone mediated 13.9±3.4% lysis of
DPw2- F2 cells in the presence of 20 Asg/ml of Con A, late HTLV-
I-infected 8.8H3 cells failed to lyse F2 cells in the presence of
Con A (4.0±2.8% lysis). This loss of OKT3-directed lysis and
of lectin-mediated cytoxicity suggested that the loss of cytotoxic
activity after HTLV-I infection was not solely the result of an
alteration of the antigen specificity of 8.8, but instead involved
a global loss of cytotoxic function. Possible mechanisms that
might have been responsible for this loss were: (a) a loss of surface
antigens that could trigger cytotoxicity (including T3); and/or
(b) a loss of the cytotoxic effector mechanism.

To test this first hypothesis, uninfected 8.8 cells that had
been stimulated with DPw2+cells 5 d previously, early (day 36)
infected 8.8H3 cells that retained cytotoxic activity, and late
(day 185) infected 8.8H3 cells that had lost their cytotoxic activity
were examined for expression of T3, T4, T8, Leu 8, and IL-2
R. As seen in Fig. 6, 8.8 cells expressed T3 surface antigen (83.8%
positive, mean immunofluorescent intensity 469), and the
expression of this antigen was unaffected or slightly increased
in early 8.8H3 cells (86.7% positive, mean immunofluorescent
intensity 560). However, by day 185, at a time that cytotoxic
function was lost, there was a decrease in both the percentage
of cells expressing T3 and the intensity of this expression (47.4%
positive, mean immunofluorescent intensity 334). Additional

Table II. Clones 8.7 and 8.8 Express HTLV-I pl 9 and
p24 gag Proteins After Exposure to MJ Tumor Cells

Day after exposure Cytotoxic
Line to MJ tumor cells p19 (% positive) p24 (% positive) function

8.7 0 0 +
8.7H 1 71 30 33
8.8 - 0 0 +
8.8H1 86 10 10 -
8.8H3 36 27 25 +
8.8H3 130 48 49

analysis showed that this decreased expression of T3 was observed
both in cells that had been replenished with fresh IL-2-containing
media the day before (54.0% positive, mean immunofluorescent
intensity 373) and cells that had been left in media for 5 d (50.7%
positive, mean immunofluorescent intensity 376). In addition,
the expression of T3 on these cells was not affected by stimulation
with DPw2+ cells (results not shown).

In contrast to this decreased expression of T3, T4 expression
remained essentially unchanged following HTLV-I infection, and
there was an increased expression of IL-2 Ras has been reported
by Leonard et al. (25) and Depper et al. (26) after HTLV-I in-
fection. Unlike normal T cell clones in which the expression of
IL-2 R is increased by exposure to antigen, the level of expression
of IL-2 Rby 8.8H3 was not affected by exposure to DPw2+cells
(90% positive, mean immunofluorescent intensity 563 in un-
stimulated cells versus 92% positive, mean immunofluorescent

a b

23- s

9.4

6.5- :,

4.4-

2.3-
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23-

6.5-
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203-
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Figure 3. Detection of HTLV-I genome in 8.8H1 I cells. Southern blot
hybridization of high molecular weight DNAfrom 8.8H I cells (lanes a
and b) or EBV-transformed cord B cells (lanes c and d) following
digestion with Eco RI (lanes a and b) or BamHI (lanes c and d). Hor-
izontal lines indicate (in kilobases) the positions of simultaneously as-
sayed Hind III-digested fragments of X-phage DNAused as a marker.
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Figure 4. 8.8H 1 cells (day 90) that have no cytotoxic function of their
own fail to block the cytotoxic function of 8.8 cells when added dur-
ing the cytotoxic assay period. (A) Percent lysis of M16B target cells
(5,000) by 8.8 cells (a), 8.8H1 cells on day 90 (e), or MJ tumor cells
(-) at various E:T ratios. (B) 8.8H 1 cells or MJ tumor cells were added
during the 4-h 5"Cr release assay period to test their effect on the cyto-
toxic activity of 8.8 against M16B cells. Wells contained 51Cr-labeled
M16Bcells (5,000), 8.8 effector cells (25,000) at a 5:1 E:T ratio, and
either no added cells (o), or 25,000 or 250,000 8.8HI cells (-), or MJ
tumor cells (m).

Late (day 186) 8.8H3 cells that had lost their cytotoxic function
similarly provided constitutive help for nonspecific IgG pro-

duction in the presence or absence of irradiated DPw2' B cells;
the help provided by these late 8.8H3 cells was comparable to
that provided by the antigen-stimulated uninfected 8.8 cells but
somewhat less than observed with the early infected 8.8H3 cells.
This help was not an artifact due to mycoplasma contamination
as the lines were tested for mycoplasma by a variety of techniques
and consistently found to be negative. Late infected 8.8H3 cells
could also provide help for DPw2' Y2 B cells, but the super-

natant of these cells was unable to mediate this help (Table III)
and in addition had no detectable IL-2 (as assayed using the IL-
2 sensitive HT-2 line [11]). Neither uninfected 8.8 cells, early
infected 8.8H3 cells, or late infected 8.8H3 cells (5 X 104) sup-

pressed IgG production when added to PWM-stimulated cultures
of 5 X I04 F2 B cells and 1.0 X I0O irradiated (2,000 rad) F2 T
cells (Fig. 7 B) but rather resulted in an increase in IgG produc-
tion. Thus, the OKT4+ cytotoxic clone 8.8 could provide help
for nonspecific IgG production when stimulated with DPw2an-

tigen, and following HTLV-I infection, this helper function be-
came independent of DPw2 antigen stimulation. This consti-
tutive helper function remained even at a time when the line
had lost its cytotoxic activity.

intensity 659 in cells cultured with DPw2+ cells 5 d earlier).
Neither the uninfected nor the HTLV-I infected cells expressed
OKT8 or Leu 8 (result not shown). HTLV-I infection of 8.8
thus was associated with a decreased expression of T3 surface
antigen and constitutively increased expression of IL-2 R.

Function of 8.8 in immunoglobulin production. The ability
of clone 8.8 to provide help or suppressor activity for IgG pro-

duction was studied both before and after infection with HTLV-
I. As shown in Fig. 7 A, co-cultures of 5 X 104 8.8 cells with 5
X I04 autologous (F2) B cells and 5 X 04 irradiated (3,000 rad)
DPw2+ Y2 B cells as a source of DPw2-alloantigen produced
1,210 X/+. 1.01 ng/ml of IgG. This IgG production required the
presence of both 8.8 cells and the DPw2+cells. Whenearly (day
36) HTLV-I infected 8.8H3 cells were studied in a similar man-

ner, IgG production by F2 B cells was obtained both in the
presence and absence of irradiated DPw2+ B cells (Fig. 7 A).
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Figure 5. Loss of cytotoxic function against anti-T3 bearing targets

parallels the loss of cytotoxic function against DPw2-bearing B cells.
Clone 8.8 was tested for cytotoxic activity against an EBV-trans-
formed B cell line from donor M16 (DPw2+) (.) and against the anti-
T3-antibody producing hybridoma (i) before and at various times af-
ter infection with HTLV-I (subline 8.8H3). Each point depicts the
mean±SDof triplicate determinations at a 10:1 E:T ratio.

Discussion

This study demonstrates that an OKT4+ T cell clone could si-
multaneously manifest both specific cytotoxic activity against
allogenic targets and help for nonspecific IgG production by
autologous B cells when stimulated with the appropriate alloan-
tigen, and that these two functions were differentially affected
following infection with HTLV-I. Cytotoxic function was pre-

served for up to 70 d but was then lost, and this loss was associated
with a decreased expression of T3 surface antigen. Help for IgG
production became independent of DPw2antigenic stimulation
early after infection with HTLV-I, and this constitutive help
remained after the cytotoxic function was lost.

While cytotoxic function was eventually lost in these lines,
it was preserved with unchanged specificity at least up to 36 d
after exposure to MJ tumor cells (Table I) even without addi-
tional antigenic stimulation. During this initial period, the clones
proliferated rapidly (8.8H3 expanded from 0.3 X 106 cells at the
time of HTLV-I exposure to 86 X 106 cells on day 25). This
ability to expand a clone with defined cytotoxic activity might
potentially have application in such areas as cellular HLA typing
(for example of antigens not resolved by available antisera) or

the biochemical study of T cell receptor structures; such an ap-

proach would particularly be useful in cases where the stimulator
antigens were difficult to obtain or where the untransformed
clone grew poorly. It should be stressed, however, that the use

of such transformed clones should only be undertaken with ap-

propriate biohazard containment and with an awareness of the
potential alterations in T cell functions that may be induced by
HTLV-I.

After this initial period, clones 8.7 and 8.8 eventually lost
their cytotoxic function. A similar loss of function of two cy-
totoxic clones after transformation with HTLV-I has been ob-
served by Popovic et al. (9). In the case of 8.7 and 8.8, this loss
occurred despite repeated antigenic stimulation, suggesting that
a lack of antigenic exposure was not the cause of the loss of
function.
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Cell-mediated lysis can be divided into two steps: (a) target

cell binding and conjugate formation, and (b) delivery of the
lethal hit (13). The cytotoxic activity of clone 8.8 has been shown
to be blocked by low concentrations of OKT4or OKT3antibody
(13). T4 surface antigen is believed to function as a second
mechanism for binding between T4' effector cells and class II
HLA antigen-bearing target cells (particularly when the affinity
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Figure 7. (A) Ability of HTLV-I uninfected and infected 8.8 cells to
provide help for IgG antibody production by autologous (F2) B cells.
Cultures contained 5 X 104 F2 B cells; either no T cells or 5 X 10" 8.8,
early (day 26) 8.8H3 cells, or late (day 186) 8.8H3 cells; and either no

or 5 X 104 irradiated (3,000 rad) Y2 (DPw2+) B cells as a source of
DPw2alloantigen. Cumulative IgG produced was measured in 10-d
supernatants. Results shown are the mean X/ *. SDof triplicate cul-
tures. No detectable IgG was produced by cultures containing only 8.8
cells, early or late 8.8H3 cells, or irradiated (3,000 rad) Y2 B cells. (B)
Failure of HTLV-I uninfected of infected 8.8 cells to suppress PWM-
induced IgG production by autologous cells. To cultures containing 5
X 104 F2 B cells, 1 x I05 irradiated (2,000 rad) F2 T cells, and PWM
1:100 (vol/vol) were added either no additional cells (none), 5 X I04
8.8 cells, 5 X 104 early (day 26), or 5 X 10" late (day 186) 8.8H3 cells.
Results shown are the mean X/÷. SD IgG produced in 10 d in tripli-
cate cultures.

of binding by the T cell receptor is low) (13, 14). T3 surface
antigen has been shown to be coexpressed with the T cell antigen
receptor (22, 23), and binding to this complex (as by target cells
bearing OKT3 antibody) appears to be sufficient to trigger the
cytotoxic effector mechanism (24).

Clone 8.8 expressed unchanged levels of T4 surface antigen
at a time when it had lost its cytotoxic function, indicating that
the loss of function was not due to a failure to express this surface
glycoprotein. Expression of T3 surface antigen, however, was
considerably decreased, loss of cytotoxic activity against OKT3-
bearing cells was lost in parallel with loss of activity against
DPw2-bearing targets, and late 8.8H3 cells failed to mediate
cytotoxic function in the presence of Con A. These results argue
against a change in antigen specificity of 8.8 (e.g., by point mu-
tations of the T cell receptor) as causing the loss of function,
and suggest instead that there was a general loss of cytotoxic
function. One possible mechanism for this loss might have been
the decreased expression of the T3-antigen receptor complex (or
other surface receptors that might mediate cytotoxicity) in these
cells. Alternatively, HTLV-I infection may interfere with the
cytotoxic effector mechanism. It should be noted that alterations
in antigen-specific T cell function (specifically a loss of tetanus-

Table III. Supernatant of 8.8H3 Cells Does Not
Provide Help for Immunoglobulin Production

Stimuli added to Y2 B cells (5 X I0W) IgG produced

ng/ml

None <100*
Y2 T cells (1 X I05) + PWM 1,050 (1.42)
8.8H3 (late) cells (5 X 104) 489 (1.23)
8.8H3 (late) supernatant4 <100

* Geometric mean of triplicate cultures (SEM).
t Late 8.8H3 cells were washed three times, cultured for 48 h in
RPMI-1640 medium supplemented with 10% FCS at 1 X 10'/ml, and
the supernatant filtered through a 0.45-;tm filter. This supernatant was
added at a final dilution of 1:4.

Properties of Human T Cell Leukemia Virus-I-Infected T Cell Clones 1471

T3
100

coco0

1000

mm-



toxoid-induced proliferation) have been observed after HTLV-
I infection without a decrease in T3 expression (H. Mitsuya et
al., unpublished observation), and this should thus not be viewed
as the only mechanism for the loss of antigen-specific function
following HTLV-1 infection. It is possible that this is one of
several mechanisms, or alternately that both the loss of antigen-
specific function and the decreased expression of T3 are sec-
ondary to an underlying alteration (for example, decreased or
altered production of the T cell antigen receptor). Preliminary
results studying the T cell receptor beta chain in clones infected
with HTLV-I have failed to demonstrate alterations in rear-
rangement and revealed only slightly decreased levels of beta
chain messenger RNA(mRNA) production (R. F. Jarrett et al.,
personal communication; H. Mitsuya et al., unpublished ob-
servation), but as yet untested alterations may be involved.

Similar to the present results, leukemic T cells from patients
with ATL have recently been described by Tsuda and Takatsuki
(27) and by Morimoto et al. (28) to have decreased or absent
expression of T3 antigen. The decreased expression of T3 in
culture observed here may be a model for these leukemic cells,
and suggests that the ATL cells do not necessarily develop from
normal cells with decreased T3 expression but rather, that this
may be a consequence of HTLV-I infection.

Unlike the cytotoxic function of clone 8.8, which was lost
after HTLV-I infection, helper function for nonspecific IgG pro-
duction became independent of antigenic stimulation by DPw2-
bearing cells soon after exposure to MJ tumor cells, and the cells
retained this constitutive helper function even when cytotoxic
function was lost. Similar constitutive help for Ig production
has been observed in a keyhole limpet hemocyanin-specific T
cell clone infected with HTLV-I (9, 11). In contrast, OKT4'
leukemic cells from patients with ATL generally do not provide
help for Ig and instead manifest suppressor function or induce
it in other cells (28-31). It has been hypothesized that this
suppression may be a result of the high level of IL-2 Rexpression
absorbing IL-2 from the culture medium; the failure to observe
suppression by 8.8H3 argues against this mechanism. Sodroski
et al. (32) have recently shown that HTLV-I induces a trans-
activating factor (presumably encoded by the long open reading
frame (LOR) in the pX region of the HTLV-I genome) which
increases transcription of HTLV-I genes. Preliminary studies at
the molecular level of the increased expression of IL-2 R in
HTLV-I infected cells have failed to find alterations in IL-2 gene
organization or of mRNAprocessing, and have instead suggested
that this increased expression is due to gene deregulation, possibly
mediated by the LORprotein (33). It has been postulated that
other T cell genes may similarly be activated by a product of
the HTLV-I genome (most likely the LORprotein) (32), and it
is possible that the constitutive help observed after HTLV-I in-
fection may be the result of the trans-activation of certain T cell
products. The failure of the supernatant of 8.8H3 to provide
help suggests that direct T cell contact may be required for this
helper activity, or that it may be mediated by a factor that is
either labile or produced in small amounts.

The present results also have implications in the pathogenesis
of leukemia in persons infected with HTLV-I. Immunologic de-
fense mechanisms, particularly T cell-mediated cytolysis, are
considered to play an important role in the surveillance against
virally induced tumors (34, 35), and the ability to evade these
defenses is associated with increased viral oncogenicity. Strain
12 of adenovirus, for example, inhibits the expression of class I
histocompatibility antigens by infected cells and thus enables
them to escape detection by cytotoxic T cells (36). Moreover,

experiments with recombinant plasmids have indicated that this
property is associated with increased oncogenicity in immuno-
competent animals (37). In the case of HTLV-I, while the virus
is acutely transforming in vitro, only 1-2% of infected individuals
eventually develop leukemia-lymphoma, suggesting that in most
persons there is immunologic control of these transformed T
cells. As evidence for this control, cytotoxic T cell lines specific
for HTLV-I have been derived from asymptomatic carriers of
ATL (38), from a patient with ATL unusually responsive to
therapy (39), and from a fraction of patients with ATL who have
been brought into partial remission (40).

The results of this study provide a model by which cytotoxic
T cells specific for HTLV-I may lose their cytotoxic function as
a result of contact with HTLV-I-producing target cells and sub-
sequent infection with this virus; this loss of function may in
turn be permissive for the development of ATL. While the cy-
totoxic clones studied here were alloreactive and OKT4', a sim-
ilar loss of cytotoxic function has been observed in an HILV-I
infected OKT8' HTLV-I specific T cell clone (41). This obser-
vation has implications in the treatment of patients with ATL
or a prodrome of ATL. Measures that block the infection of
cytotoxic T cells by HTLV-I (such as the administration of a
reverse transcriptase inhibitor) might enhance the immunologic
control of transformed T cells and aid in the treatment or pre-
vention of this disease.
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