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Human T-cell lymphotropic virus type 1 (HTLV-1), a complex retrovirus, encodes a hydrophobic 12-kD
protein from pX open reading frame (ORF) I that localizes to cellular endomembranes and contains four
minimal SH3 binding motifs (PXXP). We have demonstrated the importance of ORF I expression in the
establishment of infection and hypothesize that p12' has a role in T-cell activation. In this study, we tested
interleukin-2 (IL-2) receptor expression, IL-2-mediated proliferation, and Jak/Stat activation in T-cell lines
immortalized with either wild-type or ORF I mutant clones of HTLV-1. All cell lines exhibited typical patterns
of T-cell markers and maintained mutation fidelity. No significant differences between cell lines were observed
in IL-2 receptor chain («, 8, or y.) expression, in IL-2-mediated proliferation, or in IL-2-induced phosphor-
ylated forms of Stat3, Stat5, Jakl, or Jak3. The expression of ORF I is more likely to play a role in early
HTLV-1 infection, such as in the activation of quiescent T cells in vivo.

Human T-cell lymphotropic virus type 1 (HTLV-1) is a com-
plex retrovirus associated with adult T-cell leukemia/lym-
phoma and a variety of immune system-mediated diseases (10,
12, 14a). The virus contains, in addition to gag, pol and env
genes, a regulatory region named pX that encodes several
proteins from four open reading frames (ORFs), including Tax
and Rex (4, 19, 30). Tax is a 40-kD phosphoprotein encoded by
ORF IV that activates transcription from the viral promoter as
well as from numerous cellular genes, including interleukin-2
(IL-2) and the IL-2 receptor (IL-2R) a chain (22). Tax-medi-
ated activation of cellular cytokine and immediate-early genes,
as well as inhibition of cell cycle regulatory proteins such as
p53 and pl6, is thought to contribute to the transforming
potential of the virus (14a). The ORF III gene product, Rex, is
a 27-kD phosphoprotein that regulates the cytoplasmic accu-
mulation of unspliced and singly spliced viral mRNA and pos-
sibly cellular messages such as IL-2Ra (10, 12). Much less is
known about the function of pX ORFs I and II.

The pX ORF I encodes conserved 152- and 99-amino-acid
hydrophobic proteins known as p27" and p12' (18, 19). How-
ever, only p12"' has been detected in eukaryotic expression
systems, in which it is localized to endomembranes (18). Using
the ACH molecular clone of HTLV-1, we have examined the
role of ORF I in viral replication (6, 29). Abrogation of ORF
I expression has no detectable effects on the ability of the virus
to infect or immortalize primary cells in vitro (6, 9, 29). In vitro,
however, peripheral blood mononuclear cells (PBMC) are cul-
tured in the presence of mitogen and exogenous IL-2, which
may obviate the need for any activating effects of p12%. In
HeLa/Tat cells, it was shown that overexpressed p12' associ-
ated with IL-2R B and vy chains (24). We have shown ORF I
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expression to be critical for optimal infectivity of the virus in a
rabbit model (6) and hypothesize that p12' influences early
activation of T cells, allowing efficient transmission of the virus.

HTLV-1-immortalized cells are initially IL-2 dependent but
may acquire independence from exogenous IL-2 supplemen-
tation over many months in culture (16). This IL-2 indepen-
dence corresponds with gradual, constitutive activation of the
Jak/Stat signaling proteins in all fully transformed HTLV-1-
infected T-cell lines, as well as in adult T-cell leukemia/lym-
phoma cells (23, 31, 33). To test the effects of HTLV-1 ORF I
expression, we examined IL-2R expression, basal and IL-2
responsive proliferation, and Jak/Stat activation in T-cell lines
immortalized with either wild-type or mutant molecular clones
of HTLV-1 lacking expression of ORF L

Normal, uninfected PBMC were maintained in supple-
mented RPMI medium with 15% fetal bovine serum (FBS)
and 10 U of human IL-2 (hIL-2) per ml (complete media) and
were stimulated with 2 pg of phytohemagglutinin (PHA) per
ml 72 h prior to electroporation (27). PBMC were transfected
using 10 pg of the HTLV-1 molecular clone ACH or
ACH.p12, a construct in which a PstI site corresponding to the
splice acceptor for the third exon of ORF I has been deleted
(6, 7, 17, 29). After continuous growth for 6 months, selected
cultures were expanded in the presence of 10 U of hIL-2 per ml
for 12 to 18 months (Table 1). Three lines, ACH.3, ACH.MR,
and ACH.p12.3, became senescent after 18 to 24 months in
culture. Immediately prior to experiments, cell lines were as-
sayed for production of viral p19 matrix antigen by enzyme-
linked immunosorbent assay (ELISA) (Cellular Products).
MT-2 cells were grown as previously described (14).

To confirm the APstl mutation in each of the ACH.p12" cell
lines, genomic DNA was harvested by affinity column separa-
tion (QIAamp; Qiagen) and examined for the presence of
HTLV-1 provirus by PCR with a primer pair specific for the
HTLV-1 pX ORF I region (6555 and 7492) (6). The amplified
products were digested with PstI, which was predicted to yield
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TABLE 1. Cell surface CD receptor expression of
HTLV-I-immortalized PBMC

% of cells positive”

Cell Line Date transfected

CD3 CD4 CD8
ACH.1 May 1997 98 11 68
ACH.2 February 1997 100 2 100
ACH.3 May 1997 96 89 15
ACH.MR February 1996 96 99 1
ACH.pl2.1 February 1997 99 4 100
ACH.p12.3 May 1997 96 21 95
ACH.pl124 May 1997 98 1 0
ACH.p12.MR February 1996 18 5 42

“ Results are expressed as the percent of positive cells determined by flow
cytometric evaluation of cells directly labeled with PE-conjugated monoclonal
antibodies to CD3, CD4, and CDS8. 10,000 events were collected.

fragments of 760 and 178 bp in the wild type but not in the
ACH.p12" DNA. Products were separated in a 1.5% agarose
gel and stained with ethidium bromide.

For detection of the p12" message in cell lines, total nRNA
was harvested by affinity column separation (RNeasy; Qiagen)
and was reverse transcribed using Moloney murine leukemia
virus reverse transcription (Boehringer Mannheim). Resulting
cDNA was amplified as described above using the primer pair
RPX3 and IK4 (corresponding to nucleotides 5094 and 6876,
respectively) which spanned the second ORF I splice junction

A
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and thus yielded a product of 232 bp, corresponding to the
doubly spliced pX-Rex-ORF I transcript (6, 19). Primers that
amplified a 183-bp transcript of the abl gene were used as a
control (6).

Surface membrane receptor expression was determined by
direct labeling of lymphocytes with fluorescein isothiocyanate-
conjugated monoclonal antibodies against CD3 (UCHT-1; Sig-
ma), HLA class I (W6/32; Sigma), or HLA-DR (HK14; Sig-
ma), or with phycoerythrin (PE)-conjugated monoclonal
antibodies against CD4 (Q4120; Sigma), CD8 (UCHT-4; Sig-
ma), IL-2RB (Mik-B3; Pharmingen), or IL-2Ry (TUGh4;
Pharmingen). Expression of IL-2Ra and HTLV-1 Env was
determined by labeling of lymphocytes with unconjugated
monoclonal antibodies 22722.2 (R&D Systems) or IC11 (28),
respectively, and followed with PE-conjugated goat anti-mouse
immunoglobulin G polyclonal antibody (Sigma). Fluorescence
was measured using a Coulter Epics Elite flow cytometer and
was analyzed using EPICS Elite software, version 4.01 (Coulter
Corp.). Group mean channel fluorescence between ACH- and
ACH.p12'-transfected lines were statistically compared using
Student’s ¢ test.

To measure IL-2 responsiveness, cells were rested in com-
plete RPMI medium without IL-2 overnight (approximately
16 h) prior to plating 100 wl of cells (10%ml) in duplicate wells
of a 96-well plate containing varying concentrations of IL-2 (0
to 40 U/ml). Immediately after plating cells (baseline samples)
or after 72 h in culture, cell proliferation was monitored by a
tetrazolium dye-based assay (MTS; Promega). Data were ex-
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FIG. 1. Conservation of the APstI mutation and absence of ORF I expression in PBMC immortalized with ACH.p12". (A) PCR amplification of genomic DNA from
ACH- and ACH.p12"-immortalized PBMC, HTLV-1-transformed MT-2, and naive PBMC. The native (—) or PstI-digested (+) 938-bp HTLV-1 ORF I/Il-specific
product is present in HTLV-1-positive cells and lacks the Pst site corresponding to the ORF I exon 3 splice acceptor site in ACH.p12'-immortalized cells. (B) Reverse
transcription-PCR of total RNA from ACH- and ACH.p12"-immortalized PBMC, MT-2 cells, and naive PBMC. The 232-bp fragment specific for the pX-Rex-ORF
I message is indicated and present in ACH-immortalized cells and MT-2 but is absent in ACH.p12'-immortalized cells and HTLV-1-negative PBMC. The constitutive

183-bp abl transcript is indicated and present in all samples.
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FIG. 2. Surface IL-2R chain expression on HTLV-1-immortalized cells as measured by flow cytometric detection of fluorescence intensity following labeling with
PE-conjugated antibodies. The receptor chain detected by direct (IL-2f and -vy,) or indirect (IL-2a) labeling with monoclonal antibodies is indicated along the top. For
each IL-2R-chain-specific antibody (intensity histogram depicted as a solid line), fluorescence intensity with the isotype-matched control antibody is concurrently shown
(intensity histogram depicted as a dotted line). Group mean channel fluorescence intensity of ACH- versus ACH.p12-immortalized PBMC were not different for IL-2R
a, B, or vy, chains (P > 0.05).

pressed as fold increase in absorbance of 72-h samples com- To monitor Jak/Stat activation, cells were rested overnight in
pared to baseline samples. Group means were statistically RPMI medium containing 1% FBS prior to stimulation. Prior
compared using Student’s ¢ test. Endogenous secretion of IL-2 to harvest, cells were plated in complete RPMI medium con-
by cell lines was measured by ELISA (R&D Systems). taining 15% FBS in 6-well plates in the presence or absence of
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FIG. 3. Basal and IL-2-responsive proliferation of HTLV-1-immortalized cells. Results are expressed as the relative increase in colorimetric conversion of MTS by
viable cells, measured by absorbance before and after culturing for 72 h in the presence of varying amounts of IL-2. Data are the means of duplicate wells plated in
a 96-well microtiter plate and are representative of three independent experiments. Group mean proliferations for ACH- versus ACH.p12-immortalized PBMC were

not statistically different at any concentration of IL-2 (P > 0.05).

2 nM hIL-2. After a 15-min incubation, cells were washed,
pelleted, and lysed by suspension at a concentration of 2.5 X
107/ml in standard radioimmunoprecipitation assay lysis buffer
on ice for 2 h. Lysates were centrifuged, and 30 wg of super-
natant protein was separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis prior to transfer to nitrocellu-
lose membranes and probing with antibodies against Stat3
(New England Biolabs), Stat5 (C-17; Santa Cruz Biotechnol-
ogy), or phosphotyrosine-specific motifs of Stat proteins (phos-
pho-Stat5 from Upstate Biotechnology and phospho-Stat3
from New England Biolabs). Development of immunoblots
was performed with a chemiluminescent detection system ac-
cording to the manufacturer’s protocol (New England Bio-
labs).

For immunoprecipitation, 100 to 300 pg of precleared pro-
tein was incubated at 4°C overnight with protein A-Sepharose
beads conjugated with anti-Stat or anti-Jak polyclonal antibod-
ies: Stat5b (C-17), Jakl (HR-785), Jak3 (C-21) (Santa Cruz).
Proteins were eluted from washed beads and separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
prior to transfer and probing with antiphosphotyrosine anti-
body (4G10; Upstate Biotechnology). The nitrocellulose mem-
branes were stripped and reprobed with antibodies against
Stat5, Jakl, or Jak3.

To determine the effect of ORF I on IL-2R expression,
IL-2-responsive proliferation, and Stat activation, eight cell
lines were developed. Four were transfected with ACH and
four with ACH.p12". Upon outgrowth of cells in the presence
of IL-2 (approximately 6 months posttransfection) and again
immediately prior to further experiments (approximately 18
months posttransfection), the fidelity of the APstl mutation in
the ACH.p12'-transfected lines was examined by PCR. Provi-
ral sequences were amplified by PCR from genomic DNA of
all eight lines (Fig. 1). The 938-bp HTLV-1 ORF I-specific
amplicons from all ACH lines were digested by PstI, whereas

the DNA fragment amplified from ACH.p12" lines failed to
digest, consistent with abrogation of the PstI site that coincides
with the ORF I coding the exon splice acceptor (Fig. 1A).
Compatible with the preservation of this mutation, the
ACH.p12 lines failed to express ORF I (Fig. 1B). HTLV-1 p19
production was measured in cell culture supernatants by
ELISA. Consistent with our previous studies, all eight lines
produced abundant amounts of p19 (greater than 200 pg/ml)
(6, 29).

The cell lines were representative of all major phenotypes of
T cells, including CD4" and CD8™ cells, dual-positive cells,
and dual-negative populations (Table 1). Major histocompat-
ibility complex class I and II molecules and viral gp46 Env were
expressed in 100% of the cells of all cell lines examined, with
no significant differences in mean channel fluorescence be-
tween ACH- and ACH.p12'-transfected lines (data not
shown). IL-2Ra was expressed at high levels in all HTLV-1-
infected cells, in comparison to uninfected PBMC, compatible
with upregulation by HTLV-1 Tax (Fig. 2). IL-2RB and -y
levels in the infected lines were comparable to that seen on
uninfected, PHA-stimulated PBMC (Fig. 2). Levels did not
vary among individual cell lines when reexamined 8 weeks later
(data not shown). There were no significant differences in
IL-2R expression levels between ACH- and ACH.p12"-immor-
talized lines.

As expected, the IL-2-independent, HTLV-1-positive cell
line MT-2 was unresponsive to IL-2 (Fig. 3). In contrast, un-
infected PBMC are highly IL-2 dependent and only prolifer-
ated in the presence of IL-2. All ACH- and ACH.p12"-immor-
talized cell lines were intermediate in basal proliferative
response compared with that of MT-2 and PBMC (Fig. 3). Five
of the lines responded to increasing amounts of IL-2 with
vigorous proliferation, albeit less than that seen with unin-
fected PBMC. In contrast, three lines (ACH.3, ACH.MR, and
ACH.p12.3) failed to proliferate to a great extent even in the
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FIG. 4. Constitutive and IL-2-responsive Stat3 (A) and Stat5 (B) phosphorylation in HTLV-1-immortalized PBMC, as measured by immunoblot assay. Cells used
are indicated at the top of each panel. Cells were treated with (+) or without (—) 2 nM IL-2. Native or phospho-specific Stat antibody types used for immunoblotting
are indicated to the left of each panel. Molecular mass is indicated to the right (MW). The identity of the 85-kD band recognized by the phospho-specific Stat5 antibody

is unknown.

presence of large amounts of exogenous IL-2 and eventually
ceased to proliferate in culture. There was no significant dif-
ference in proliferation rates or IL-2 responsiveness between
lines immortalized with ACH versus ACH.p12". Consistent
with previous reports of HTLV-1-immortalized cell lines (16),
no measurable endogenous IL-2 production could be detected
from any of the lines (data not shown).

To determine if ablation of ORF I expression influenced
IL-2 signaling, we measured basal and constitutive phosphor-
ylation of Jak1, Jak3, Stat3, and Stat5 in ACH- and ACH.p12"-
immortalized cell lines. Constitutive phosphorylation of Stat3
in the absence of IL-2 was detected in the HTLV-1-trans-

formed MT-2 cell line but not in PHA-activated PBMC, as
previously shown (23). All IL-2-dependent, HTLV-1-immor-
talized cell lines exhibited constitutive phosphorylation of
Stat3 as well, although levels were much lower than those seen
with MT-2 cells (Fig. 4A). This intermediate level of constitu-
tive Stat3 phosphorylation is consistent with previous reports
(23) and, importantly, did not differ consistently between lines
immortalized with ACH versus ACH.p12". In contrast, using a
phospho-specific Stat5S antibody, no constitutive phosphoryla-
tion of Stat5 was detected in any of the IL-2-dependent,
HTLV-1-immortalized cell lines or in PHA-activated PBMC
(Fig. 4B). Although constitutive Stat5 phosphorylation was
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FIG. 5. Constitutive and IL-2-responsive Jak and Stat phosphorylation in HTLV-1-immortalized PBMC, as measured by immunoprecipitation. Cells used are
indicated at the top of each panel. Cells were treated with (+) or without (—) 2 nM IL-2. Immunoprecipitations were performed with anti-Stat3 (A), -Stat5 (B), -Jak1
(C), or -Jak3 (D) antibodies. Immunoblotting was performed with antiphosphotyrosine (4G10) or anti-Jak/Stat antibodies, as indicated to the left of each panel. Panel
B sample ACH.p12.1 (prestimulated Jak-1) failed to load in the gel. Molecular mass is indicated to the right (MW).

detected in MT-2 cells, levels were much lower relative to
constitutive Stat3 phosphorylation.

Results obtained by immunoprecipitation were similar to
those obtained by immunoblotting with the phospho-Stat5 an-
tibody (Fig. 5A). Consistent with the above results, the HTLV-
1-immortalized lines demonstrated partial basal phosphoryla-
tion of Jak3 (Fig. 5B and C). As was also expected, constitutive
phosphorylation of Jak3 was strong in MT-2 and absent in
uninfected PBMC. In contrast, the pattern of Jakl phosphor-
ylation was similar to that of Stat5, with slight constitutive
activity in MT-2 but none detected in any other cell line ex-
amined. Importantly, no differences in basal phosphorylation
of Jakl or Jak3 were seen between PBMC immortalized with
ACH versus ACH.p12". IL-2-responsive phosphorylation of
Jak1, Jak3, Stat3, and Stat5 was marked in all HTLV-1-immor-
talized cell lines, PHA-activated PBMC, and MT-2 cells exam-
ined by both immunoblotting with phospho-specific Stat anti-
bodies and by immunoprecipitation (Fig. 4 and 5). As
expected, levels of total (phosphorylated and nonphosphory-
lated) Jakl, Jak3, Stat3, and Stat5 remained constant before
and after IL-2 stimulation (Fig. 4 and 5).

The recent development of infectious molecular clones of
HTLV-1 has enhanced efforts to evaluate the role of viral
determinants in infection and transformation of T cells (7, 8,
17, 34). The availability of the ACH clone allowed our study of
the role of ORF I of HTLV-1 in the infectivity of the virus,

despite an apparent dispensability of this gene region during in
vitro propagation of the virus (6, 9, 29). This is analogous to
other viral regulatory genes, including homologous regions of
HTLV-2 (5, 13) and bovine leukemia virus (32), as well as
human immunodeficiency virus nef (15). Since experiments
examining the role of ORF I in vitro have been conducted in
the presence of IL-2, we postulated that these conditions ob-
viate the role of ORF I in viral transcription and infectivity. In
support of this, recent studies indicate that p12" associates with
the IL-2 B and v, chains (24). Furthermore, p12" has homology
to bovine papillomavirus ES, which has similar cellular distri-
bution and activates the platelet-derived growth factor recep-
tor (11). However, in contrast to the studies of p12' overex-
pression in Hela/Tat cells (24), we found that the differential
expression of ORF I in the immortalized cell lines had no
significant effect on surface IL-2R expression. Presumably,
high levels of IL-2Ra expression in these lines, compared to
uninfected PBMC, is due to the well-documented transcrip-
tional effects of Tax on the IL-2Ra promoter (21). A functional
role of ORF I proteins is suggested by our preliminary studies
that demonstrated the inefficient transmission of HTLV-1 to
resting T cells in limiting concentrations of IL-2 by ACH.p12'-
immortalized cell lines (2).

The presence or absence of ORF I expression in the HTLV-
1-immortalized cell lines used here had no apparent effects on
basal or IL-2-responsive proliferation or signaling through the
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Jak/Stat pathway. All lines were consistent with an HTLV-1-
immortalized population that is IL-2 dependent for continued
proliferation but displaying some characteristics of partial IL-2
independence, including maintenance of viability and partial
Jak3/Stat3 phosphorylation in the absence of IL-2. These char-
acteristics were present in all HTLV-1-immortalized cell lines
examined, regardless of the expression of ORF I, suggesting
that ORF 1 gene products p12' and/or p27" do not greatly
influence the progression of infected cells to this stage of
immortalization. ORF I may be required for IL-2-independent
transformation of HTLV-1-infected cells; however, this possi-
bility seems remote since viral gene expression is not required
for maintenance of the fully transformed phenotype (20). Nev-
ertheless, it is intriguing that HTLV-1- but not HTLV-2-trans-
formed lines consistently demonstrate constitutive activation
of the Jak/Stat pathway, and the possibility that gene products
unique to HTLV-1, such as p12Y, are involved in this pheno-
type must be considered (23, 25).

We cannot rule out the use of cryptic splice sites to generate
messages with p12' coding potential or the production of p12!
from unspliced or singly spliced polycistronic messages for viral
structural proteins, although no internal ribosomal entry sites
have been described for HTLV-1. The conclusive detection of
p12" in virally infected cells is dependent upon the generation
of antibody reagents that recognize native p12'. Attempts to
produce such reagents have not been successful due to the high
hydrophobicity and poor immunogenicity of p12" (3, 19). Nev-
ertheless, it is important to note that the Ap12' mutation used
in this study is the same one that has previously been shown to
reduce viral infectivity in vivo (6).

In summary, we demonstrate in this paper that ORF I ex-
pression does not overtly affect IL-2R expression or IL-2-me-
diated events during the late stages of HTLV-1-induced im-
mortalization of infected cells. Furthermore, the early stages of
acquisition of IL-2 independence do not require ORF T ex-
pression. The possibility exists that p12'/p27" are differentially
expressed during the viral life cycle, as has been shown for
human immunodeficiency virus Nef (1). Although ORF I tran-
scripts were detected in the wild-type HTLV-1-immortalized
cells, translational regulation may alter p12"/p27" expression at
this stage of immortalization. Interestingly, p12" contains four
minimal SH3 binding motifs (i.e., PXXP), which are common
features of signal transduction molecules that modulate the
Ras/mitogen-activated protein kinase and PI3-K signaling
pathways (26). The function of ORF I genes may only be
apparent during early events of viral replication, such as entry,
uncoating, or integration. It therefore remains a possibility that
OREF I expression modulates T-cell signaling at early stages of
infection or in conditions of limited IL-2 concentrations more
typical of the in vivo infection.
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