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Abstract

HumanT lymphotropic virus-I (HTLV-I)-specific T cell lines
were established and cloned. K5, an OKT8' clone bearing mul-
tiple proviral integration sites, retained its HTLV-I-specific cy-
totoxicity and a normal dependence on interleukin 2 (IL-2), in-
dicating that there is a finite number of transforming integration
sites. R2, an OKT4' HTLV-I-infected clone, initially mounted
a proliferative response to HTLV-I; but then its IL-2-indepen-
dent proliferation increased and the antigen specificity was lost.
All HTLV-I-infected clones tested including K7, another OKT8+
transformed cytotoxic clone that had lost its reactivity, expressed
comparable levels of T cell receptor ,8-chain (TCR-#t) messenger
(m)RNA. Although clones K5 and K7 had different functional
properties, they had the same rearrangement of the TCR-B gene,
suggesting that they had the same clonal origin.

These data indicate that HTLV-I-specific T cells retain their
immune reactivity for variable periods of time following infection,
but then usually lose it; in some cases, however, no alteration in
function can be detected. The data also suggest that different
consequences can take place in the same clone depending on the
pattern of retroviral infection.

Introduction

Pathogenic retroviruses are now known to be important causes
of diseases in human beings. Such viruses play a vital role in the
pathogenesis of certain adult T cell neoplasms (1-4), and one
pathogenic human retrovirus, human T lymphotropic virus type-
III (HTLV-III)' (5, 6), also called lymphadenopathy-associated
virus (7) or acquired immunodeficiency syndrome-related virus
(8), has recently been shown to be the causative agent of acquired
immune deficiency syndrome. The T cell neoplasm associated
with the first known pathogenic retrovirus, HTLV-I, carries an
exceedingly grave prognosis attributable to the malignancy itself,
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1. Abbreviations used in this paper: Ca1, CQ2, 5' and 3' genes, respectively,
for the constant region of the T cell receptor #-chain; EBV, Epstein-Barr
virus; E/T, effector/target ratio; FACS, fluorescence-activated cell sorter,
FCS, fetal calf serum; HTLV, human T-lymphotropic virus; IL-2, in-
terleukin 2; MJ-B, EBV-transformed B cells from patient MJ; MJ-CTL,
long-term cultured cytotoxic T cell line from patient MJ; PBM, peripheral
blood mononuclear cells; PHA, phytohemagglutinin; TCR-B, T cell re-

ceptor #-chain.
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life-threatening hypercalcemia, or an unexplained susceptibility
to infection with Pneumocystis carinji and other pathogens (4,
9-12). In southwestern Japan and in the West Indies, infection
with HTLV-I is an endemic phenomenon, which in certain cases
is associated with the development of a fulminant kind of T cell
leukemia or lymphoma, often comprised of neoplastic cells with
suppressor function and OKT4phenotype (4, 13). Other regions
of the world where HTLV-I is endemic include the southeastern
United States, substantial portions of Africa, and parts of South
America.

A well-recognized property of HTLV-I is the ability to infect
and transform T cells from normal umbilical cord blood, bone
marrow, and sometimes antigen-specific T cells in vitro (14-
18). However, the interactions among a transforming human
retrovirus and T cells that have specific reactivity for the virus
have not been studied extensively, and relatively little is known
about the consequences of HTLV-I infection on the virus-specific
immune response in patients infected with this agent. Recently,
we and others generated long-term immune T cell lines from
patients with HTLV-I-associated T cell neoplasms (19-21). The
immune T cells can mediate HLA-antigen restricted, cytotoxic
and proliferative responses against HTLV-I-infected target cells.
While a partial analysis of the specificity of the T cell response
to HTLV-I was possible, a more definitive analysis at the biologic
and molecular level is best done with cloned T cell lines. In
particular, such cloned T cells provide a broader opportunity to
examine the functional consequences of HTLV-I infection and
replication in cells with specific immune reactivity against this
agent.

In this paper, we report that HTLV-I-specific immune T
cell clones mediate immune responses for a variable period after
infection with HTLV-I; however some clones transformed by
the virus eventually lose their specific immune reactivity. We
also show that all HTLV-I-infected clones tested, whether they
retained or lost immune reactivity, had a clonally rearranged
gene encoding the T cell receptor E-chain (TCR-A), and expressed
comparable levels of TCR-ft messenger RNA(mRNA). Fur-
thermore, we report a similar TCR-(i gene configuration in two
functionally different HTLV-I-infected clones, one of which
contains two integrated proviruses, and the second contains
multiple proviruses apparently integrated at random. Wecon-
clude that there is a spectrum of functional consequences of
HTLV-I infection in immune T cell clones that are reactive
against this virus.

Methods

The patient. T cell clones in this study were derived from the peripheral
blood cells of patient MJ., a 53-yr-old White male with circulating an-

tibodies against internal structural proteins of HTLV-I. In 1977, he was

diagnosed as having cutaneous T cell lymphoma, and he eventually be-
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came a complete responder to a regimen of chemotherapy, whole-body
electron beam irradiation, and topical nitrogen mustard. The patient's
disease was in clinical remission when these studies were initiated in
January 1983.

Target and stimulator celisfor Tcell reactivity. MJ-tumor is an HTLV-
I-producing neoplastic T cell line (with a 17q+ karyotypic marker) that
was derived from peripheral blood of the patient MJ (15). MJ-tumor
cells replicate in the absence of IL-2 (or T cell growth factor). HUT-102-
B2 and WA-tumor are HTLV-I-producing neoplastic T cell lines derived
from C.R. and W.A., patients who had HTLV-I-associated neoplasms
(15). C145/TK is a cord blood T cell line transformed by HTLV-I (15).
Phytohemagglutinin (PHA)-induced T cell blasts from patient M.J. in
remission were also used. In PHA-induced T cell blasts, HTLV-I gag
proteins were not detected as assessed by indirect immunofluores-
cence assay. Other cell lines used included an erythroid line K562 as
well as Epstein-Barr virus (EBV)-transformed B cells from patient
M.J. (MJ-B).

Establishment of T cell clones reactive against HTLV-I. Long-term
immune T cell lines reactive against HTLV-I were generated on four
separate occasions. The establishment of the T cell line was previously
described (19). Briefly, 107 peripheral blood mononuclear cells (PBM)
separated from heparinized blood from patient MJ were co-cultured
with 106 irradiated (12,000 rad) MJ-tumor cells in RPMI 1640 supple-
mented with 10% heat-inactivated human ABserum, 4 mML-glutanine,
5 X 10-5 M 2-mercaptoethanol, 50 U/ml penicillin, and 100 ug/ml
streptomycin. Onday 6 and beyond, these cells were continuously exposed
to 20% IL-2 (vol/vol) (lectin-depleted; Cellular Products, Inc., Buffalo,
NY) containing RPMI 1640 with 10% heat-inactivated fetal calf serum
(FCS) (Gibco Laboratories, Grand Island, NY) without further use of
human serum. The culture was repeatedly stimulated with irradiated
MJ-tumor cells at 7-14-d intervals. After >30 d in culture, the long-
term cultured T cell lines (MJ-CTL) were cloned by limiting dilution.
0. I-ml aliquots containing 20, 5, 1, or 0.5 cells in 20% IL-2-containing
media were distributed into round-bottomed, 96-well microtiter plates
(Linbro Chemical Co., Hamden, CT) with 104 irradiated (12,000 rad)
MJ-tumor cells and 04 irradiated (4,000 rad) autologous PBMharvested
from patient M.J. in remission. The plates were incubated at 37°C in
5% C02-containing humidified air and fed with 20% IL-2 in 0.1 ml
media every 4-5 d. Growing colonies were identified on days 10-30,
transferred to 24-well plates (Costar Data Packaging, Cambridge, MA)
and fed with media containing 20% IL-2 without further addition of
irradiated MJ-tumor cells. Clones were expanded from the positive wells
that were plated with 0.5 cells per well. One clone (R2) from this initial
cloning was recloned using the same technique but in the absence of
HTLV-I-producing MJ-tumor cells. Subclones obtained were expanded
from the positive wells plated with 0.5 cells per well.

5'Cr-release assays. A 4-h 51Cr-release assay was carried out as pre-
viously described (19). Briefly, thoroughly washed target cells were labeled
with 0.1-0.2 ml of Na25`CrO4 (1 mCi/ml, sp act 250-500 MCi/mg; Amer-
sham Corp., Arlington Heights, IL) in a 37°C bath for 30-60 min with
periodic shaking. The cells were then washed at least four times in media,
counted, and dispersed in round-bottomed microtiter plates at I04 cells
per well in 0.05 ml of 4%FCS-containing RPMI 1640. Effector cells at
desired concentrations were added in three to five replicates at different
effector/target (E/T) ratios in 0.1 ml of the media. After the plates were
incubated at 37°C for 4 h and centrifuged for 3 min, the supernatants
were collected with the Titertek supernatant collection system (Flow
Laboratories Ltd., Irvine, CA). The percent specific 5"Cr-release was de-
termined by the following formula: 100 X (release in test - spontaneous
release)/(maximum release - spontaneous release). Tests in which spon-
taneous release exceeded 30% were disregarded.

Antigen-driven proliferative assays. I0O washed responder cells were
cultured for 3 d with various numbers of irradiated (12,000 rad) stimulator
cells in the absence of exogenous IL-2 in 200 Ml of 10% FCS-contai ing
supplemented RPMI 1640 at 37°C in 5% C02-containing humidified
air. All cultured cells were pulsed for 5 h with 0.5 MuCi of [3H]thymidine,
harvested onto glass fibers, and assessed for the incorporation of isotope
as an indicator of proliferation in response to antigen. The results are

expressed as the arithmetic mean counts per minute± I standard deviation
for triplicate cultures.

Analysis of suface antigens by monoclonal antibodies. Phenotypic
analysis was performed by using indirect immunofluorescence on a flu-
orescence-activated cell sorter (FACS II, Becton-Dickinson, Co., Sun-
nyvale, CA), as previously described (22). Briefly, cells were incubated
with monoclonal antibodies concentrated at 50-200 ng of antibody to
2 X 10' cells. The cells were then washed and treated with an affinity-
purified fluorescein-conjugated IgG fraction of goat anti-mouse IgG
(whole molecule) (Sigma Chemical Co., St. Louis, MO). Control staining
with nonreactive mouse ascites at the equivalent protein concentration
was consistently negative. The cells were tested with the following an-
tibodies; OKT3, OKT4, OKT8 (Ortho Pharmaceuticals, Raritan, NJ),
HLA-DR (Becton-Dickinson), and anti-Tac (23), a monoclonal antibody
that reacts with an epitope identical or closely linked to the cellular
receptor for IL-2 (24).

Chromosomal analysis. Chromosomal analysis of the cultured cells
was performed by using direct, air-dried chromosomal preparations as
previously described (25). Cells were incubated, harvested, and stained
with conventional Giemsa or were G-banded using trypsin-Giemsa. Me-
taphases were scored for aberrations, and karyotypes were prepared ac-
cording to the Paris Conference.

Detection of HTLV-I-encoded antigens. Expression of HTLV-I gag
proteins, p19 and p24, in T cells was determined by an indirect immune
fluorescence assay on methanol:acetone-fixed cells using a murine
monoclonal antibody to HTLV-I p19 and a goat polyclonal antibody
specific for purified HTLV-I p24. Fluoresence isothiocyanate-labeled goat
anti-mouse IgG F(ab')2 and swine anti-goat IgG were used to detect
reactive cells as previously described (26, 27).

Nucleic acid analyses. High molecular weight DNAwas digested
with pronase-sodium dodecyl sulfate (SDS) and extracted with organic
solvents as previously described (28, 29). For Southern blots, 20-30 Mg
of DNAwere digested for 16 h at 37°C with 60 U of the indicated
restriction endonucleases purchased from Boehringer-Mannheim, In-
dianapolis, IN or International Biotechnologies, NewHaven, CT, using
the conditions specified by the manufacturers. These digests were sub-
jected to electrophoresis overnight at 40 V in 0.8% agarose, transferred
to nitrocellulose, and hybridized. The HTLV-I probe consisted of a 32p_
nick translated DNAinsert from a subclone (pCH-I) in pBR-322 of the
portions of the HTLV-I genome defined by the Cla I and Hind III sites
of XCR-l (30) and containing pol-env-pX sequences. The TCR-, probe
was an insert excised with Pst I from a cDNAclone in pBR-322 of TCR-
B mRNAfrom the Jurkat cell line, generously provided by Dr. T. W.
Mak (31). Hybrid bands were detected by autoradiography with Kodak
AR film (Eastman Kodak Co., Rochester, NY) in a cassette using a
Dupont Quanta III screen (E. I. Dupont de Nemours, Wilmington, DE).

Dot blot hybridizations to measure mRNAlevels were performed
as previously described (32).

Results

Generation and cloning of HTLV-I-specific immune Tcells (MJ-
CTL). Long-term cultured IL-2-dependent T cell lines (MJ-
CTL) were established from the patient on four separate occa-
sions. These cultured T lymphocytes killed HTLV-I-infected
target cells that shared at least HLA-Al with patient MJ (33),
but did not kill other HLA-incompatible HTLV-I-infected T
cell lines, autologous EBV-transformed B cells (MJ-B), K562
cells, or autologous PHA-activated blast cells from the patient
after the neoplasm was in remission (Fig. 1 and Table I). WA-
tumor cells which shared HLA-A1, -B8, -Cw7, and -DR3 with
MJ-tumor were killed less well than MJ-tumor cells. In a rep-
resentative experiment, at an E/T ratio of 10:1, MJ-CTL killed
56.3% of MJ-tumor cells, whereas it killed 30.7% of WA-tumor
cells and 32.3% of C145/TK (that shared only HLA-Al with
MJ-tumor). MJ-tumor has the capacity to produce a high num-
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Figure 1. Cytotoxicity of the starting
50 uncloned immune T cell line (MJ-

CTL) reactive with HTLV-I-bearing,
40 - HLA-matched cultured tumor cells.

MJ-CTL was tested on day 83 in cul-
= 30 - ture. Target cells: MJ-tumor (o), WA-

tumor (@), HUT-102-B2 (A), MJ-B (.),
Q20 - \ MJ-PHA blast (X), and K562 (v) cells.

Each symbol represents the mean per-
cl 10 cent specific 5Cr-release±l SDof trip-
*t An \t5 licate determinations. Note that MJ-
0. CTL killed MJ-tumor cells and WA-

50:1 10:1 1:1 tumor cells that shared HLA-Al, -B8,
E T RATIO -Cw7, and -DR3.

ber of infectious virions and to immortalize T cells upon co-
culture in vitro, but WA-tumor does not have that capacity (un-
published). The level of expression of virus-associated protein
in HTLV-I-bearing tumor cells may be thus responsible for the
difference in the susceptibility to the cytotoxicity of MJ-CTL. It
is also possible that there are multiple virus-HLA restricting ele-
ments in bulk MJ-CTL.

Weattempted to clone this MJ-CTL line in the presence of
irradiated HTLV-I-bearing autologous tumor (MJ-tumor) cells
and irradiated autologous PBM. The cloning efficiency was -'
in 50 as detected by Poisson analysis of large numbers of replicate
microcultures set up with varying numbers of MJ-CTL cells. 14
of 19 clones that arose from wells seeded with 0.5 cells were
cytotoxic against MJ-tumor cells. Westudied four clones (C5,
K5, K7, and R2) in detail. As determined by FACS analysis,
clones C5, K5, and K7 reacted with OKT3and OKT8antibodies,
while clone R2 was positive for OKT3and OKT4. The majority
of the cells were Tac' and HLA-DR'. A summary of the prop-
erties of these clones is provided in Table I.

HTLV-I-specific cytotoxic clones. Clones C5, K5, and K7
expressed the phenotypes of mature suppressor/killer T-cells and
clearly recognized HTLV-I in the context of HLA. These clones
mediated a substantial level of cytotoxicity for MJ-tumor and
WA-tumor cells, but did not kill HUT-102-B2, PHA-induced
T cell blasts from the patient in remission, autologous EBV-
transformed B-cells (MJ-B), or K562 at various E/T cell ratios.
Representative data are provided in Table I. In the competitive
cold target inhibition test, the cytolytic activity of these three
clones was selectively blocked by the addition of unlabeled MJ-

tumor cells but not by any other unlabeled HLA-incompatible
HTLV-I-bearing cells tested (data not shown). Clones C5 and
K5 failed to proliferate in response to irradiated MJ-tumor cells.
These clones continued to grow for - 3 moafter cloning, then
stopped replication, exhibiting the "growth crisis" that is a com-
mon feature of normal IL-2-dependent T cells. These clones
exhibited full cytotoxic activity until growth stopped. In the case
of clones C5 and K5, it is thus difficult to discern the functional
consequences of HTLV-I infection. On the other hand, clone
K7 could proliferate in the absence of added antigen or IL-2,
although its rate of replication was increased by exogenously
added IL-2. The spontaneous replication of clone K7 was pro-
foundly inhibited upon exposure to autologous HTLV-I-bearing
MJ-tumor cells and this clone progressively lost cytotoxic activity
with time in culture (29).

An HTLV-I-specific proliferative clone, R2. The OKT4+
clone R2 did not show any cytotoxic activity against MJ-tumor
cells (Table I), but did mount a substantial proliferative reaction
in response to irradiated MJ-tumor cells in a dose dependent
fashion in the absence of exogenously added IL-2 (Fig. 2 A).
This clone failed to proliferate when exposed to autologous EBV-
transformed B cells (MJ-B) or HLA-unmatched HTLV-I-bearing
cells such as HUT-102-B2. However, the spontaneous prolif-
erative rate of clone R2 increased with time in culture, and con-
currently the response to MJ-tumor cells decreased gradually
between days 23 and 52 (Fig. 2, B and C). An HTLV-I-specific
response was not detected on day 70 and beyond after cloning.
When clone R2 was recloned at this point, it was not possible
to restore the proliferative capacity to HTLV-I. The T cell dif-
ferentiation-antigen profile (Table I) was unchanged for >300
d in culture. Cytogenetic analysis showed that ten of ten of the
clone R2 cells analyzed had a reciprocal translocation between
chromosomes 7 and 9 (46, XY, rcp(7;9)p12;q3 1)), providing
an independent indication of a monoclonal origin for the R2
cell population.

Infection of HTLV-I-specific T-cell clones with HTLV-I.
Since the starting uncloned line MJ-CTL as well as the four
clones had been exposed to repeated cycles of stimulation with
autologous HTLV-I-bearing tumor (MJ-tumor) cells, we asked
whether these cells were infected with HTLV-I. Southern blot
hybridization of MJ-CTL DNAfollowing digestion with Eco RI
(which does not cut within proviral DNA, making the presence
of one band an indicator of a unique viral integration site) and
labeling with an HTLV-I probe (pCH-I) containing pol-env-pX

Table I. Cytotoxicity and Surface Phenotypes of Clones

Targets* Phenotypes#

Clones MJ-tumor WA-tumor§ C145/TK§ HUT-102 B2 MJ-PHA MJ-B K562 OKT3 OKT4 OKT8 Tac HLA-DR

C5 67 36 ND I 1 1 6 98 <2 98 ND ND
K5 65 33 34 4 -5 3 2 97 <1 95 70 92
K7 80 41 36 5 -5 2 3 98 <3 84 92 92
R2 6 -1 -3 -4 -1 1 -2 95 96 <2 95 96
MJ-CTLI" 56 31 32 3 -5 4 4 97 <3 93 75 97
MJ-tumor - -- 18 68 <2 81 79

ND, not determined. * Each number denotes the mean percentage of specific 51Cr-release done in triplicate at an E:T ratio of 10:1. t Assessed
by indirect immunofluorescence using FACS. All clones were tested within 30 d after cloning. Data are expressed as percentages of positive cells.
§ WA-tumor shares HLA-AI, -B8, -Cw7, and -DR3, while C145/TK shares only HLA-Al with MJ-tumor. "lThe uncloned MJ-CTL line (tested
on day 106 in culture) and MJ-tumor cells are shown for reference.

1304 Mitsuya et al.



E
C3

0

x

z
0

U

z
w

z
C

I

5

4

A B C
6

5

4

.A ~1 L'¶J

I ~~~IAI2
-

1 -j4 413 L
1 piI- 1 O'/-

0 5 10 0 5 10 0 1 510 0 5 10

NUMBEROF STIMULATORCELLS (x 104) ADDED
TO 105 R2 CELLS

Figure 2. Proliferative response of clone R2 against MJ-tumor cells.
Clone R2 cells were cultured in the presence and the absence (o) of
various numbers of irradiated MJ-tumor cells (o). The HLA-incom-
patible, HTLV-I-bearing cell line, HUT-102-B2 (A) and autologous
EBV-transformed B cells (MJ-B) (e) were used as control stimulators.
Cultures were performed in the absence of exogenous IL-2. The irradi-
ated (12,000 rad) stimulator cells did not proliferate when cultured
alone (data not shown). Each symbol represents the mean cpm± I SD
of triplicate determinations. The experiments in panels A-D were per-
formed when clone R2 had been in culture for 23, 36, 52, and 70 d
after cloning.

regions revealed that the population had at least six integration
sites of HTLV-I provirus (Fig. 3 A, lane a). From the relative
intensity of the Eco RI bands from the MJ-CTL DNA, however,
it would appear that not all of the proviruses were present in all
the cells. Digestion with BamHI (which cuts three times in the
HTLV-Im provirus and generates a 3.4-kb gag-pol-containing
fiagment and a 1-kilobase (kb) env-containing internal fragment)
gave 3' junction fragments, a 3.4-kb internal fragment, and a 1-
kb internal fragment (Fig. 3 A, lane e). Since the 1-kb internal
BamHI band in the MJ-CTL line is relatively intense, it seems
that a large fraction of the MJ-CTL population was infected
with HTLV-I, and that most of the proviruses did not have a
large internal deletion. When the DNAfrom MJ-tumor cells
was digested with Eco RI, multiple integration of HTLV-I pro-
viruses was observed (Fig. 3 B, lane i). This pattern is seen com-
monly in cultured HTLV-I-producing tumor cells (34). In spite
of the presence of integrated proviruses, the MJ-CTL line was
negative for the HTLV-I gag proteins p19 and p24 as assessed
by indirect immunofluorescence. Moreover, electron micro-
scopic studies did not detect HTLV-I virions in the MJ-CTL
line (Tralka, T., J. Cossman, and T. Triche, unpublished data).
As has been observed in other settings (17, 29), it would thus
appear that there is some restriction of viral expression in these
cells, since a large fraction of the cells in the line seems to be
infected with HTLV-I.

WhenDNAfrom the cytotoxic clone K5 was digested with
Eco RI and analyzed by Southern blotting with the pCH-l probe,
an indistinct smear was evident (Fig. 3 B, lane j). A similar
analysis using BamHI gave an intense band of 1 kb, as well as
an indistinct background smear (Fig. 3 B, lane n). These data
suggest a large amount of randomly integrated proviral DNA
in the K5 genome. Clone C5 did not contain any detectable
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Figure 3. HTLV-I proviral sequences in clones and MJ-CTL popula-
tion. The indicated DNAwas digested with Eco RI (a-d and i-l) and
BamHI (e-h and m-p) and analyzed by Southern blotting using an
HTLV-I pol-env-pX (pCH- I) probe. The DNAwas from (panel A)
MJ-CTL (day 250 in culture, lanes a and e), clone K7 (lanes b andf),
clone R2 (lanes c and g), and PBMfrom patient M.J. in remission
(lanes d and h); (panel B) HTLV-I-bearing MJ-tumor cells (lanes i
and m), clone K5 (lanes j and n), clone C5 (lanes k and o), and CR-B,
an HTLV-I negative, EBV-transformed B cell line from a patient with
cutaneous T cell lymphoma (ref. 3) (lanes I and p). Arrows indicate
the position of a band of 1.0 kb, which represents an internal fragment
of HTLV-I. Numbers on the left-hand side show the position of the
Hind III fragments of X-phage DNAas a marker.

provirus (Fig. 3 B, lanes k and o). (However, both clones K5
and C5 remained cytotoxic against HTLV-I-bearing autologous
tumor cells and did not grow without exogenous IL-2, as though
they were uninfected T cells.) Clone K5, like the starting pop-
ulation, MJ-CTL, was negative for HTLV-I-encoded gag pro-
teins.

In contrast to clones K5 and C5, when K7 DNAwas digested
with Eco RI, the resultant blot showed a single band (Fig. 3 A,
lane b). Digestion with BamHI gave two internal bands of 1
and 3.4 kb, and two 3' junction fragments that could be visualized
by the pCH-l probe (Fig. 3 A, lanef). This indicates the presence
of two integrated HTLV-I proviruses in this population, which
cannot be resolved by Eco RI digests. (Previous data with Eco
RI had suggested the presence of only a single integrated pro-
virus [291.)

In the DNAof clone R2, there were at least four separate
bands observed when digested with Eco RI, indicating that clone
R2 contained at least four separate copies of HTLV-I proviruses
integrated into the genome (Fig. 3 A, lane c). 10-20% of clone
R2 cells were positive for p19 and p24 gag proteins and HTLV-
I-mRNA was readily detected by Northern blot hybridization
(Reitz, M. S., Jr., unpublished data). Whenassessed by Southern
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Figure 4. HTLV-I proviral sequences in subclones of R2. The DNA
was digested with Eco RI (a-c) and BamHI (d-f) and analyzed by
Southern blotting using an HTLV-I pol-env-pX (pCH- 1) probe. The
DNAwas from R2 subclone 1 (lanes a and d), R2 subclone 2 (lanes b
and e), and R2 subclone 3 (lanes c andf). Numbers on the left-hand
side show the position of the Hind III fragments of X-phage DNAas a
marker. The very lowest arrow indicates the position of a band of 1.0
kb, which represents an internal fragment of HTLV-I. Note that three
subclones contained commondominant integrated proviruses (indi-
cated by upper three arrows) as well as several different minor provi-
ruses.

blot hybridization, three R2 subclones contained two common
dominant integrated proviruses as well as several different minor
proviruses (Fig. 4), suggesting that clone R2 permitted viral rep-
lication and experienced reinfection in culture. All these data
are summarized in Table II.

Status of T cell receptor /3-chain gene in HTLV-I-infected T
cell clones. Since the T-cell antigenic receptor ,3-chain (TCR-,B)
gene, located on chromosome 7 (35, 36), undergoes specific
rearrangements during the differentiation of T cells (37), we asked
whether MJ-CTL and the derived HTLV-I-bearing T cell clones
had the same or different rearrangements. As shown in Fig. 5
A, when DNAwas digested with Eco RI and analyzed by South-
ern blotting with the TCR-13 probe, all the clones examined dif-
fered in the configuration of the TCR-13 gene compared to the

uncloned starting line, MJ-CTL (Fig. 5 a, lane B), which did
not appear to have any single predominant pattern of TCR-,B
gene rearrangement. The three R2 subclones (Fig. 5 a, lanes C-
E) had the same rearrangement, showing that the TCR-, gene
is stable during passage of these cell lines, and verifying their
clonality.

Clones K5 and K7 clearly showed the cytotoxic activity
against MJ-tumor, WA-tumor, and C145/TK cells (Table I).
Interestingly, clones K5 and K7 exhibited the same apparent
TCR-,3 gene configuration (Fig. 5 a, lanes F and G; Fig. 5 b).
For example, after Eco RI digestion only a single hybridizing
band at 4 kb was seen in clones K5 and K7 with loss of the
additional bands seen in the germline configuration (Fig. 5 a,
lane A). This 4-kb fragment contains the C132 gene segment of
the two (-chain constant region genes (C,3l and C(#2), each ca-
pable of rearrangement and expression as mRNA(38). There
was no evidence of any rearranged band or of the 11.5-kb germ-
line band that contains the CB1 gene segment (Fig. 5 a, lanes F
and G). The apparent absence of the C# I gene in clones K5 and
K7 suggests that it has been deleted from the relevant chro-
mosomes, presumably by variable region gene rearrangement
to the CB2 gene fragment. These findings suggest that rearrange-
ment of both alleles of the TCR-(# gene has occurred in clones
K5 and K7 (assuming no chromosomal loss), and that both
rearrangements have utilized the C32 gene segment. WhenDNA
from clones K5 and K7 was digested with Hind III and Bam
HI, each clone again gave the same pattern on Southern blot
analysis, and the bands seen were of a different size from those
of the nonrearranged gene (Fig. 5 b); this is consistent with rear-
rangement of both alleles of the TCR-j3 gene in these clones.
Furthermore, when we studied more than 25 different types of
T cell clones from several individuals for the rearrangement of
TCR-f3 gene, none of the clones except clones K5 and K7 ap-
peared to have the same configuration on Southern blot analyses
(data not shown). (The rearranged bands in clones K5 and K7
were not evident in the parental MJ-CTL line [Fig. 5 a, lane B],

Table II. Characteristics of Clones Reported

HTLV-I infection

Percent gag Duration of
Number of proviral positive growth in

Line Phenotypes Activity against HTLV-I copies* cellst IL-2 dependence culture

Clone C5 T3, T8 Cytotoxicity (maintained 0 ND IL-2 dependent -_3 mo
until growth stopped)

Clone K5 T3, T8 Cytotoxicity (maintained Multiple integration 0 IL-2 dependent -3 mo
until growth stopped)

Clone K7 T3, T8 Cytotoxicity (lost in 2 0 Much less IL-2- .2.5 yr
long-term culture) dependent

Clone R2 T3, T4 Proliferation (lost in .4 10-20 Originally IL-2- .2.5 yr
long-term culture) dependent and

later-independent
MJ-CTL§ T3, T8 (T4 in Cytotoxicity and proliferation .6 0 IL-2 dependent 10

small %) (maintained both until
growth stopped)

MJ-tumor§ T3, T4 Multiple integration 70-80 IL-2 dependent .3 yr

* Assessed by Southern blot hybridization by using an endonuclease Eco RI and an HTLV-I probe. t HTLV-I-gag-gene-encoded proteins, p19
and p24, were detected by indirect immune fluorescence assay. Numbers show the percentages of positive cells. § The uncloned MJ-CTL line
(tested on day 106 in culture) and MJ-tumor cells are shown for reference.
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a Figure S. T cell receptor #-
chain configuration in MJ-

11.5kb - _ . _ CTL and derived clones.
5kb- The DNAwas digested with

5kb - Eco RI (a), Hind III (b), or
4kb- 4Z 4M mum BamHI (b), and subjected

2.3kb- - S. mm
to Southern blot analysis
using the TCR-# chain
probe YTJ2 insert, which
contains variable and con-
stant region sequences. (a)

A B C D E F G The DNAwasfromCR-B,
an HTLV-I-negative, EBV-

b A B C D E F transformed B cell line (ref.
3) (lane A), MJ-CTL (lane

23Kb- Su*;y Am B), R2 subclone 1 (lane C),
14 -

tw o R2 subclone 2 (lane D), R2
7.6 - mmMsubclone 3 (lane E), clone

K7 (lane F), and clone K5
33 _ s 5S1;.os ........ 6(lane G). Lane A shows the

- 5'6W~s ^' 5- as I" germline configuration of
2.0 s ei~sx _: the TCR-# chain gene. Two

constant region gene seg-
ments are present in the
non-rearranged gene; the

band at 1 .5 kb corresponds to the C#lI gene segment and that at 4 kb
to the C#2 gene segment (ref 37). Bands at 5 and 2.3 kb represent hy-
bridization to variable region gene segment. Lane B shows a similar
pattern of bands suggesting that there are no predominant rearrange-
ments within the MJ-CTL population. In lanes C-E an additional
band is seen at the top of the figure, indicating rearrangement of the
TCR-# chain gene. (b) The DNAwas from CR-B (lanes A and D),
clone K7 (lanes B and E) and clone K5 (lanes Cand F). Lanes A and
Dshow the germline configuration of the TCR-j# chain gene. Note
that clones K5 and K7 again gave the same pattern and the bands
were of a different size from those of non-rearranged genes in lanes A
and D.

indicating that the progenitor cell of clones K5 and K7 did not
constitute a majority of the MJ-CTL population.) Studies on
the rearrangement of the T cell receptor a-chain gene were per-
formed on the clones K5 and K7. Using a T cell receptor a-
chain gene constant region probe we were unable to detect rear-
rangement of this gene in DNAfrom K5 and K7, presumably
to the long distance between the joining and constant region
gene segments. Using full length cDNAprobe, however, we noted
that at least one fragment hybridizing to the variable region se-
quence was absent in DNAfrom K5 and K7 but not from other
clones derived from the MJ-CTL line (data not shown). This is,
at least, consistent with these clones having the same T cell re-
ceptor a-chain gene rearrangement. These data suggest that
clones K5 and K7 arose from the same T cell. This is noteworthy
in view of their differing functional properties following infection
by HTLV-I.

Under certain conditions immune T cells lose their antigen-
specific reactivity following infection with HTLV-I (17, 18, 29).
Clones K7 and R2 also lost their immune reactivity after an
extensive time in culture in this study. Wethen attempted to
compare the levels of mRNAfor the TCR-# gene present in the
uncloned functioning 1J-CTL line (Fig. 6, lane -C), clone K7
(Fig. 6, lane D) at a time when it no longer responded to antigen,
clone K5 (Fig. 6, lane E), which maintained its function, and
clone R2 (Fig. 6, lane F) at a time when it had lost its reactivity
against antigen. The level of TCR-# mRNAwas similar in all

Figure 6. T cell receptor ,8-chain
mRNAlevels in MJ-CTL and derived
clones. RNAsolutions were spotted in
vertical rows using twofold serial dilu-
tions. The filter was hybridized with
the 32P-nick-translated probe YTJ2
insert containing constant and variable

* regions of the TCR-ft gene. Each
mRNAspotted was quantitated by hy-

* bridization with a 32P-nick-translated

A B C D E F G
probe pDPOinsert for HLA class I an-

A B C D E F G tigen (ref. 54). The mRNAwas from
the uncloned functioning MJ-CTL (lane C), clone K7 when it no
longer responded to antigen (lane D), clone K5 which maintained its
function (lane E), clone R2 when it no longer showed specific reactiv-
ity to antigen (lane F), and PHA-activated normal T cells (lane G).
Negative and positive controls consist of the mRNAfrom CR-B, an
EBV-transformed B cell line (ref. 3) (lane A) and CEM, a leukemic T
cell line (lane B), which expresses 10-20-fold more TCR-,3 mRNA
than mature T cells (ref. 37), respectively.

four cell lines, although it was marginally lower than that ob-
served in PHA-activated normal T cells (Fig. 6, lane G). The
levels of TCR-ft mRNAwere also similar in K7 cells, which still
maintained their ability to respond to antigen and K7 cells that
had lost that ability (data not shown).

It is possible that the loss of cytotoxic activity could be ex-
plained by alterations in the expression of the a-chain of the T
cell receptor. However, when we compared the levels of expres-
sion of the T cell receptor a-mRNA in various cloned T cells
before and after infection by HTLV-I we were unable to detect
any appreciable differences (data not shown).

Discussion

While it has been possible to extensively analyze the molecular
biology, serology, and epidemiology of human pathogenic ret-
roviruses (1-4, 39-42), a great deal remains to be learned about
tumor-specific cellular immune functions in patients who have
HTLV-I-associated neoplasms.

In this study, HTLV-I-specific T cell (MJ-CTL) lines were
cloned in the presence of infectious virions on four separate
occasions and four representative clones were extensively char-
acterized. The differences in functions (activity against HTLV-
I, IL-2 dependence, and growth duration) are summarized in
Table II. The uncloned line MJ-CTL remained functional (the
line proliferated in response to and was cytotoxic. against HTLV-
I-bearing autologous tumor cells) throughout the course of these
studies, while at least a substantial fraction of cells within the
line contained HTLV-I proviruses. This parental line exhibited
a pattern of multiple HTLV-I proviral integration into its DNA.
Clone K5, one of the cytotoxic clones, contained a large amount
of randomly integrated HTLV-I proviruses. This clone remained
dependent on IL-2 and stopped its growth within - 3 mo after
cloning, features common to uninfected, IL-2-dependent, nor-
mal T cells. Our observations that MJ-CTL and clone K5, both
of which contained HTLV-I proviruses, were negative for HTLV-
I-encoded viral gag proteins and seemed to behave like normal
IL-2-dependent T cells would suggest that under certain con-
ditions viral proteins are not expressed in HTLV-I-infected cul-
tured immune T cells, and therefore an IL-2-independent growth
advantage is not conferred on such T cells. It is possible that the
cytotoxic T cells may have destroyed any HTLV-I-infected T
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cells that happened to synthesize viral antigens in these popu-
lations, bringing to bear a kind of selective pressure against
HTLV-I expression. Such inhibition of viral gene expression
may also be related to the lack of transformation and IL-2 in-
dependence. The presence in the apparently nontransformed
K5 cell line of a large amount of randomly integrated proviral
DNAsuggests that the presence of viral DNAper se is not suf-
ficient for transformation. Weinterpret the random pattern to
mean that the K5 cells at the time of analysis were recently
infected (which is what is observed shortly after infection of cord
blood T cells) and that the presumably relatively rare transformed
cells (if any) had not yet undergone clonal expansion. The lack
of a dominant pattern of retroviral integration in clone K5 thus
suggests that the number of proviral integration sites that result
in T cell transformation is finite, and that none of these was
occupied in clone K5.

Recent advances in characterizing antigen-receptor genes and
molecules have shed light on the nature and the mechanism of
immune T cell reactivity (35-38, 43-48). In this context, our
finding in the current study is that all the HTLV-I-infected T
cell clones under discussion-without regard to the retained
functions-expressed similar levels of mRNAfor the TCR-,B
gene. The helper/inducer clone R2, at a time when it had lost
its specific antigen reactivity, and other HTLV-I-infected clones,
which retained their function, expressed comparable levels of
TCR-,3 mRNA. This finding suggests that the loss of function
following HTLV-I infection is not associated with a significant
change of expression of TCR-,3 mRNAlevels per se. However,
since mRNAexpression may vary in different T cell clones, it
would be necessary to explore the levels of expression of the
mRNAin one T cell clone with defined characteristics before
and after infection with HTLV-I. In this regard, we have data
that a cloned T cell line, with known antigenic specificities, ex-
presses only slightly lower levels of T cell receptor gene mRNA
following in vitro infection by HTLV-I (49). Another finding
that two functionally differing clones (K5 and K7) have the same
rearrangement of the TCR-# gene (suggesting that they have the
same clonal origin) is noteworthy. The proviruses detected in
both clones do not seem to have a large internal deletion, since
the 1-kb internal BamHI bands were relatively intense in DNA
from both clones (Fig. 3 A, lane f; and 3 B, lane n). Taken to-
gether, these observations suggest that under certain conditions
the functional consequences of HTLV-I infection in immune T
cells might be affected by the pattern of HTLV-I infection (e.g.,
number of integrated proviruses and/or integration sites).

Clone R2, which has the phenotype of a helper/inducer T
cell, is of special interest from at least two perspectives. One
perspective from which this clone may be viewed relates to the
relationship between cell-mediated immunity to type C retro-
viruses and leukemogenesis. There are data suggesting that
chronic immunostimulation and the profound general ampli-
fication of the immune system resulting from persistent viremia
eventually leads to somatic errors, bringing about a neoplastic
transformation of proliferating T cells (50, 51). Clone R2 can
be viewed in the context of the receptor-mediated leukemogene-
sis theory, which for the most part has been predicated on data
from studies of retrovirus-associated lymphomas of rodents (52).
The theory proposes that antigen-specific lymphocytes can be a
target for infection by an oncogenic retrovirus, a point that has
not been fully resolved in animals, but which we believe our
current work indicates is the case for human beings. According

to this theory, retrovirus-induced lymphomas can be the progeny
of normal cells that bear antigen-specific T cell receptors for
engaging viral envelope antigens. Binding of a retrovirus to these
cells is postulated to provide both a portal of infection and a
continuous mitogenic signal. Such events might have played a
role in the emergence of clone R2, which was reactive against
HTLV-I in proliferation, permitted viral replication and expe-
rienced reinfection in culture.

From another perspective, the current observations on the
range of functional consequences of HTLV-I infection in im-
mune T cells might be relevant to the clinical immunosuppres-
sion observed by physicians who attend patients with HTLV-I-
associated disorders (4, 9-11, 53). Recently, we have shown that
tetanus-toxoid specific T cell clones may retain antigen-specific
reactivity after infection by HTLV-I in vitro, while losing the
normal T cell requirement for accessory cells (17). In certain
settings, such HTLV-I-infected clones can develop a high spon-
taneous rate of replication in the absence of IL-2, and the ob-
servable antigen-driven proliferative response can then gradually
be lost. Moreover, Popovic et al. (18) have recently shown that
infection of normal cytotoxic T cell clones by HTLV-I as well
as HTLV-II led to a diminution or loss of the cytotoxic function
(18). Such loss of function observed in immune T cells following
HTLV-I infection could have bearing on the capacity of certain
individuals to mount an immune response against HTLV-I, and
could also contribute to a generalized immune dysfunction. At
this time, a number of functional alterations in HTLV-I-infected
T cells remain unexplained. A resolution of these issues will
have clinical and therapeutic implications.

The authors would like to thank Dr. Robert C. Gallo for his advice, Dr.
Jacqueline Whang-Peng for her helpful discussion, and Dr. Jay Berzofsky
and Dr. Robert Yarchoan for a critical review of the manuscript.
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