islet preparations (4, 5, 17, 18). Our inabil-
ity to detect B receptors on B cells and o
receptors on A cells is, however, at variance
with earlier studies in humans (2) and in
isolated pancreatic tissue (5, 18). The ab-
sence of a second type of adrenergic recogni-
tion in purified A or B cells cannot be
attributed to receptor damage for the fol-
lowing reasons: (i) all studies were carried
out on cultured cells, which should have
recovered from membrane damage; (ii)
both o and B receptors were found to
remain present on the purified cells, be it on
different populations; (iii) the identified re-
ceptors were sensitive to catecholamine con-
centrations that were 10 to 100 times lower
than those used in previous studies (3-5,
17); (iv) the purification process was previ-
ously shown to maintain high-affinity recep-
tors on the membrane of purified cells (19).
It seems likely, therefore, that the apparent
discrepancy with previous reports is either
related to species differences (2) or caused
by misinterpretations in unpurified islet cell
models.

Our results clarify the mechanisms in-
volved in the adrenergic control of insulin
and glucagon release and document the
primordial role of the adrenergic tone on the
secretory responsiveness of pancreatic A and
B cells to nutrient stimuli. On the basis of
these observations, a more specific approach
can be undertaken to assess the participation
of the adrenergic system in the pathogenesis
and treatment of diabetes mellitus,
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Trans-Activator Gene of HTLV-II Induces IL-2
Receptor and IL-2 Cellular Gene Expression

WARNER C. GREENE, WARREN J. LEONARD, YUJI WANO,
PENNY B. SVETLIK, NANCY J. PEFFER, JOSEPH G. SODROSKI,
Craic A. RoseN, WEI CHUN GOH, WILLIAM A. HASELTINE

The human T-lymphotropic viruses types I and II (HTLV-I and -II) have been
etiologically linked with certain T-cell leukemias and lymphomas that characteristically
display membrane receptors for interleukin-2. The relation of these viruses to this
growth factor receptor has remained unexplained. It is demonstrated here that
introduction of the trans-activator (tat) gene of HTLV-II into the Jurkat T-lymphoid
cell line results in the induction of both interleukin-2 receptor and interleukin-2 gene
expression. The coexpression of these cellular genes may play a role in the altering T-

cell growth following retroviral infection.

HE HUMAN T-LYMPHOTROPIC VI-

ruses types I and II (HTLV-I and

-II) are associated with certain T-cell
leukemias and lymphomas (1). Both of these
retroviruses can transform primary human
T4" T cells in culture (2). Leukemic T-cell
lines that are infected with HTLV-I or -II
uniformly display large numbers of mem-
brane receptors for interleukin-2 (IL-2) (3)
and some, but not all, of these cell lines
produce IL-2 (4). At present, the mecha-
nism of transformation by these retroviruses
remains unknown. However, neither
HTLV-I nor HTLV-II contains a recog-
nized oncogene nor do these viruses appear
to activate cellular oncogenes by ¢is insertion
of retroviral promoter (or enhancer) se-
quences, since the sites of proviral integra-

16 MAY 1986

tion vary from tumor to tumor (5). An
unusual feature of the HTLV-I and -II
viruses is that they encode a gene whose
protein product greatly stimulates the
expression of other viral genes controlled by
the long terminal repeat sequences (LTR’s)
(6). The elements of this autostimulatory
contro]l mechanism are the trams-activator
proteins taz-1 (42 kD) and taz-1I (38 kD),
which are encoded by a long open reading
frame within the pX region (7) at the 3’ end
of the viral genomes, and the zrans-acting
responsive sequences TAR-I and TAR-II,
which are located within the viral LTRs (8).
It has been suggested that the far proteins
may also be able to alter the expression of
certain cellular genes involved in T-cell
growth (6, 9). To test this possibility, we

have introduced a functional z22-II gene into
Jurkat T and Raji B cells and examined these
cells for changes in the expression of cellular
genes including IL-2 and the IL-2 receptor.

The taz-1I gene from HTLV-II was isolat-
ed as a Bgl II-Bam HI fragment from
pCATLORIIgpt (6) and inserted into the
Bam HI site of the pZIPNEOSV (X) retro-
viral vector described by Cepko et 4. (10).
This plasmid has been described elsewhere
(11). Plasmids containing the #eo gene and
tat-I1 in both the sense (pZIP-tar-II) and
anti-sense  (pZIP-anti-za¢-II) orientation
were identified and transfected into psi AM
fibroblast cells (12) by calcium phosphate
precipitation (13). Psi AM cells containing
these plasmids were isolated by culture in
medium containing the G418 antibiotic
(400 pg/ml). The resultant amphotropic
viruses produced by the #¢o-resistant psi AM
cells were used to infect Jurkat T cells and
Raji B cells (11). Infected Jurkat T- and Raji
B-cell colonies were isolated by plating
10,000 cells per microliter well and cultur-
ing in G418 antibiotic (700 pg/ml).

Jurkat T and Raji B cells containing zaz-11
were first analyzed for the production of
functional tat-II protein. Although derived
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Table 1. The zaz-1I protein activates expression of
IL-2 receptors in Jurkat T cells. Each cell line was
examined for IL-2 receptor expression by means
of a binding assay with *H-labeled anti-Tac (19).
Similar results were obtained in six additional
experiments.

. Receptors

Cells lines (N:?CC“)
HTLV-I infected HUT 102B2 92,380
Nontransfected Jurkat <50
Jurkat-zaz-11-6 1,360
Jurkat-zaz-11-7 1,170
Jurkat-zaz-11-21-1 510
Jurkat-zaz-11-21-8 420
Jurkat-anti-zaz-11-16-1 <50
Jurkat-anti-zaz-11-16-3 <50
Jurkat-anti-zaz-11-16-4 <50
Raji-tat-11-21-2 <50
Raji-anti-taz-11-16-1 <50

from HTLV-II, the taz-1I protein, like taz-1,
efficiently activates the transcription of
genes controlled by the LTR of HTLV-I
(6). As an indicator gene, the bacterial chlor-
amphenicol acetyl transferase (CAT) gene
was placed 3’ to the HTLV-I LTR (pU3R~
1 plasmid) and 3’ to the SV40 early region
promoter (pSV2CAT). These plasmids
were then transfected with DEAE dextran
into Jurkat T and Raji B cells containing the
tat-11 gene in the sense or anti-sense orienta-
tion. Promoter activity was measured by
determining the magnitude of conversion of
14C-labeled chloramphenicol substrate into
acetylated forms separated by thin-layer
chromatography (14). As shown in Fig. 1,
both Jurkat T cells and Raji B cells contain-
ing the sense tat-II gene expressed greatly

1 2 3 4 58 7

' - - ' :] AcCm the SV40 early region promoter
®e oo e® @9 o
and acetyl
60 60 60 15 15 16 15 1 Time (minutes)
PSV2CAT  pU3R-I PSV2CAT pU3R-I 2

elevated levels of CAT when transfected
with the pU3R-1 plasmid compared with
the anti-sense zaz-II cell lines. In contrast,
pSV2CAT expression was not enhanced in
Jurkat or Raji cells containing the sense zaz-
II gene. In additional studies with serum
from a patient with HTLV-I-induced leu-
kemia, the zaz-II protein with a relative
molecular mass (M;) of 38,000 was immun-
oprecipitated from [**S]methionine-labeled
Jurkat and Raji cell extracts containing the
sense, but not anti-sense, taz-II gene. We
concluded that both the Jurkat T and Raji B
cells infected with the sense za¢-II gene ex-
press functional za#-II trans-activator protein.
~ The Jurkat and Raji cells containing
tat-Il were next analyzed for possible
changes in the expression of the IL-2 recep-
tor gene. Northern blots prepared with po-
lyadenylated RNA from each cell line and
HTLV-I-infected HUT 102B2 cells were
probed with radiolabeled IL-2 receptor
complementary DNA (cDNA) (15). IL-2
receptor messenger RNA (mRNA) was de-
tected in Jurkat T cells containing the sense
tat-1I gene (Jurkat-zaz-I1-6 and -7), but not
in nontransfected parental Jurkat T cells nor
in Jurkat T cells containing the anti-sense
tat-II gene (Jurkat-anti-taz-II-16-1, -16-3,
-16-4) (Fig. 2, A and B). Unlike Jurkat T
cells, the presence of #as-II in Raji cells did
not activate IL-2 receptor mRNA expres-
sion (Fig. 2B). Two different size classes of
IL-2 receptor mRNA, generated by the use
of different 3’ polyadenylation signal se-
quences (15, 16), were present in these cells.
However, these cells contained considerably
greater quantities of the larger, 3500-base

form of receptor mRNA. This finding is
analogous to the pattern of receptor mRNA
expression in Jurkat T cells stimulated with
phytohemagglutinin (PHA) and phorbol
12-myristate 13-acetate (PMA) (Fig. 2A) or
normal T cells exposed to suboptimal activa-
tion signals, but is in contrast to ATL cell
lines, including HUT 102 (Fig. 2, A and B)
which contain nearly equivalent amounts of
both forms of receptor mRNA (17).

The induction of IL-2 receptor mRNA
expression in the Jurkat-za¢-II cells was not
the result of a generalized increase in the
transcription of all cellular genes. Hybridiza-
tion of the same blots with c-mye, transferrin
receptor, actin, and class I major histocom-
patibility antigen DNA probes revealed
nearly equivalent amounts of these mRNA’s
in the sense and anti-sense #az-11I cells.

We next evaluated whether Jurkat-zaz-11-6
and -7 cells displayed surface IL-2 receptors.
As shown in Fig. 3, indirect immunofluores-
cent staining with anti-Tac (a monoclonal
antibody to the IL-2 receptor) (18) revealed
the presence of receptors on the Jurkat-za:-
II-6 cells but not on parental Jurkat cells or
cells containing the anti-sense za¢-II gene.
Comparison of the mean fluorescence inten-
sity of Jurkat-zas-II cells with HUT 102B2
cells suggested that the #a#-II transfectants
contained fewer receptors than the HTLV-
I-infected HUT 102B2 cells.

To determine more precisely the number
of IL-2 receptors expressed, we performed
binding assays with *H-labeled anti-Tac
(19). As shown in Table 1, Jurkat-zas-11-6
and -7 cells, respectively, expressed 1360

“and 1170 anti-Tac binding sites per cell

8 Fig. 1. Levels of HTLV-I LTR directed CAT expression in cell lines
containing the zaz-II gene. The cell lines indicated were transfected (30) with

2 pg of either pSV2CAT (14) or pU3R-1 (6). Plasmid pSV2CAT contains

uences 5’ to the CAT gene whereas

pU3R-1 contains nucleotides —350 to +315 of the HTLV-I LTR 5’ to

CAT. CAT assays were performed 48 hours after transfection as previously

described (14). Cell lysates were incubated with '*C-labeled chloramphenicol
1 CoA for the times indicated. The nonacetylated chloramphenicol

(Cm) and acetylated reaction products (AcCm) scparated by thin-layer
chromatography are indicated. Cell lines: 1 and 3, Jurkat-anti-zaz-11-16-1; 2

and 4, Jurkat-#42-1I-6; 5 and 7, Raji-anti-zas-11-16-1; 6 and 8, Raji-zas-11-21-

Table 2. Bioassay of IL-2 activity in supernatants from #a#-II cell lines. IL-2 activity was detected after 3 days of culture by the CTLL bioassay described (23).
Dilutions of supernatants and corresponding mean incorporation of [*H]thymidine (counts per minute) in triplicate cultures of CTLL cells (4000 per well)
are shown. The proliferative response of these CTLL cells after the addition of various concentrations of purified recombinant IL-2 is also shown. Similar re-

sults were obtained in four additional experiments.

Jurkat- Jurkat-

Jurkat-anti- Jurkat-anti- Raji-

Raji-anti- Recombinant

Supernatant

ilution Jurkat 16 tarll7  tarlll6-1  tarIl163  tarll212  tardl-16-1 IL-2 Control

22 672 7,220 9,454 800 822 1,533 1,998 (100 ng/ml) 11,062

2 803 3,492 6,147 796 1,060 1,033 2,058 (10 ng/ml) 10,371

24 706 2,043 3.563 756 775 1217 1522 (1 ng/ml) 11536

25 587 1,293 3,652 686 840 990 1,245 (0.1 ng/ml) 7,912

26 653 842 1.229 757 800 1,021 1272 (0.01 ng/ml) 4,068
Medium only 572
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while HUT 102B2 cells displayed more
than 92,000 sites per cell. Two other inde-
pendently isolated Jurkat-zaz-II lines (21-1
and 21-8), contained 400 to 500 anti-Tac
binding sites per cell. In agreement with the
Northern blotting studies and flow micro-
fluorometric assays, Jurkat-anti-zaz-II cells,
parental Jurkat cells, and Raji-zaz-1I cells did
not contain significant numbers of IL-2
receptors (Table 1). Attempts to measure
high-affinity IL-2 receptors were unsuccess-
ful, possibly because of the low number of
total IL-2 receptors displayed. In most cell
lines, the high-affinity IL-2 receptor class
constitutes only 5 to 10 percent of the total
IL-2 binding sites (20).

Radiolabeled membrane proteins were
solubilized in detergent and immunopre-
cipitated with anti-Tac. This revealed that
the IL-2 receptors on the surface of the
Jurkat-#42-11-6 and -7 cells migrated with an
apparent M; of 55,000, which was similar
to the size of receptors expressed on PHA-
activated normal T cells (21) or Jurkat T
cells induced with PHA and PMA. In con-
trast, proteins reactive with anti-Tac were
not detected in nontransfected Jurkat T cells
or cells containing the anti-sense #az-11
gene.

We next investigated expression of the IL-
2 gene in Jurkat cells containing zaz-II. As
shown in Fig. 4, hybridization of radiola-
beled IL-2 ¢cDNA (22) to Northern blots
prepared with the same RNA’s as used in
Fig. 2 identified the presence of IL-2
mRNA in Jurkat-zaz-1I-6 and -7 cells and
Jurkat cells stimulated with PHA and PMA.
The parental Jurkat cells, the cells infected
with the anti-sense zaz-11, and the Raji-zas-11
cells contained no detectable IL-2 mRNA.

Supernatants from these various cell lines
were also analyzed for the presence of secret-
ed IL-2 protein by means of a sensitive
bioassay (23). Jurkat-taz-I1-6 and Jurkat-zaz-
II-7 supernatants each contained IL-2 activi-
ty as evidenced by dose-related increases in
[*H]thymidine incorporation in cells from a
murine IL-2 dependent cytotoxic T lympho-
cytic cell line (CTLL) (Table 2). In contrast,
anti-sense constructs of zaz-II did not acti-
vate the synthesis and secretion of IL-2 into
the medium. Similarly, Raji-za¢-1I cells did
not produce detectable IL-2 activity.

In summary, these data demonstrate that
the zat-1I gene can induce the expression of
both the IL-2 receptor and IL-2 genes in
Jurkat T cells. Induction of these genes
appears to be a consequence of the expres-
sion of the #az-II gene product because
Jurkat cells that contain the gene in a config-
uration unsuitable for its expression produce
neither IL-2 nor IL-2 receptors. The in-
duced expression of IL-2 receptor and IL-2
mRNA by the #az-II protein reflects a specif-
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Fig. 2. Northern blotting analysis of za¢-II induced IL-2 roc:gtor mRNA expression. RNA was

from each cell line by the method of Chirgwin (31) and

e poly(A)™ fraction was enriched by

oligo(dT) cellulose affinity chromatography (32). Ten micrograms of each RNA sample was size
fractionated by formaldehyde-agarose gel clectroghorcsis and transferred to nitrocellulose filters (33).

The filters were subsequently hybridized with

P-labeled IL-2 receptor cDNA radiolabeled by the

random priming method of Feinberg and Vogelstein (34). Conditions of filter hybridization and
washing were as previously described (15). Similar results were obtained with four independent
preparations of RNA. Cell lines: 1 and 9, HUT 102B2; 2 and 15, Jurkat-zaz-1I-7; 3 and 14, Jurkat-taz-
I1-6; 4, Jurkat-anti-zaz-II-16-4; 5, Jurkat-anti-zaz-1I-16-3; 6, Jurkat-anti-za¢-II-16-1; 7 and 13, non-
transfected Jurkat; 8, Jurkat induced with PHA and PMA; 10, Raji-anti-#a¢-11-16-1; 11, Raji-tas-11-21-

2; 12, Raji-tas-11-21-3.

ic rather than generalized increase in the
gene transcription since the Jurkat-zaz-II-
and anti-zaz-II-infected cells express similar
levels of c-mye, transferrin receptor, actin,
and class I major histocompatibility antigen
mRNA’s. Since the a¢-1 gene of HTLV-1 is
similar in structure and function to its coun-
terpart in HTLV-II (6), one may predict
from these findings that the za#-1 gene can
also induce IL-2 and IL-2 receptor expres-
sion.

The mechanism by which the #a2-II pro-
tein activates the expression of the IL-2 and
IL-2 receptor genes is unclear. In view of the

400

UPC-10

Anti-Tac

A H
#e

-~ M\\*

B

strong association of HTLV-I and -II with
T4* T-cell leukemias and lymphomas, the
inability of the za¢-II gene to induce IL-2
and IL-2 receptor gene expression in Raji B
cells is notable. Infection of other non-T4*
cells with HTLV-I or -II does not, in gener-
al, induce expression of the IL-2 receptor or
IL-2. For example, no IL-2 receptors were
detected in osteogenic sarcoma cells infected
with HTLV-I (24) or, in our studies, feline
epithelial cells infected with HTLV-II. Simi-
larly, introduction of the za¢-II gene into
mouse fibroblasts or feline epithelial cells
does not induce IL-2 receptor or IL-2 gene

Fig. 3. Anti-Tac and UPC-10 indirect immu-
nofluorescent staining and fluorescent-activat-
ed cell sorting analysis of (A) HTLV-I-infect-
ed HUT 102B2 cells, (B) nontransfected pa-
rental Jurkat T cells, and (C) Jurkat-zaz-1I-6
cells. The cell lines were processed for indirect
immunofluorescence with the use of anti-Tac
and UPC-10 monoclonal antibodies in the
first step and fluorescein isothiocyanate
(FITC)—conjugated goat antiserum to mouse
immunoglobulin G in the second step as
described (19). Cells were then analyzed on a
Becton Dickinson FACS Analyzer with cell

10° 10" 102 102 number displayed on the ordinate and fluores-
cence on the abscissa.
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Fig. 4. Northern blotting analysis of za¢-II-induced IL-2 mRNA expression. RNA samples described in
Fig. 2 were analyzed for the presence of IL-2 mRNA with 32P-labeled IL-2 cDNA (22). Induced Jurkat
T-cell RNA was isolated after 12 hours of stimulation of these cells with PHA (1 pg/ml) and PMA (50
ng/ml). Cell lines: 1, PHA- and PMA-induced Jurkat; 2, uninduced Jurkat; 3, Jurkat-anti-za#-1I-16-1;
4, Jurkat-anti-az-11-16-3; 5, Jurkat-anti-ta¢-11-16-4; 6, Jurkat-taz-11-6; 7, Jurkat-taz-11-7; 8, Raji-anti-

tat-11-16-1; 9, Raji-taz-11-21-2.

expression. Thus, induction of the IL-2
receptor and IL-2 genes may reflect a specif-
ic response of certain cell lineages to the
trams-activator gene of HTLV-I and -II. It is
possible that only T cells, or perhaps only
the T4 subset of T cells, are susceptible to
the effects of the #rams-activator protein.
However, against this argument is the find-
ing that B-cell lines can be infected with
HTLV-I in vitro (25) and that some of these
cells display IL-2 receptors.

The Jurkat-zaz-II cell lines, while express-
ing IL-2 receptor mRNA and protein, do so
at a much lower level than T cells containing
integrated complete HTLV-I or HTLV-II
proviruses. This finding could reflect an
intrinsic property of the Jurkat cell line used
in these studies. Alternatively, the low levels
of tat-11 protein produced in the Jurkat-zaz-
II cells may be rcspons1blc for the low level
of IL-2 receptor expression. Unlike HTLV-
I and -II, the zat protein does not trans-
activate its own production in pZIP-zat-11
since the appropriate trans-acting responsive
sequences (TAR) are not present in the
Moloney virus LTR of this plasmid.

The induced coexpression of IL-2 and its
cellular receptor by the tat-II protein raises
the possibility that infection with HTLV-I
or HTLV-II results in an autocrine mecha-
nism of cell growth. A model involving
autocrine stimulation in HTLV-I-induced
adult T-cell leukemia (ATL) was previously
considered (26), but later dismissed when it
was demonstrated that the majority of long-
term cultured ATL cell lines neither secreted
IL-2 nor contained IL-2 mRNA (4). How-
ever, those findings with long-term cultured
ATL cells or freshly isolated tumor cells
from patients with well-established disease
do not exclude a role for IL-2/IL-2 recep-
tor—mediated autocrine growth during the
early phases of retroviral-mediated T-cell
transformation. Precedence for such a model
involving early growth factor dependence
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followed by progression to growth factor
independence may be found in other tumor
systems including primary plasmacytomas
(27), Friend virus—induced myeloid leuke-
mia (28), and Burkitt’s lymphoma associat-
ed with Epstein-Barr virus infection (29). It
is possible that the development of HTLV-
I-and -II-induced leukemia may follow a
similar progression from early growth factor
dependence to later independence and that
soon after viral infection, the coordinate
production IL-2 and display of IL-2 recep-
tors mediates autocrine polyclonal growth
of these retrovirus-infected T cells. The sub-
sequent intracellular events that culminate in
the emergence of clonal, growth factor—
independent leukemic T-cell populations are
undefined, but appear to be associated with
persistent high-level IL-2 receptor display
accompanied by a loss of IL-2 gene expres-
sion. Thus, it seems likely that the tat gene is
required, but alone is insufficient, to pro-
duce complete leukemic transformation of
normal T cells.
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