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Human T cell leukemia virus type | infection drives
spontaneous proliferation of natural killer cells
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Most human T cell leukemia virus type | (HTLV-1) infected subjects remain asymptomatic throughout their lives, with a
few individuals developing HTLV-I associated myelopathy/tropical spastic paraparesis (HAM/TSP) or adult T cell leukemia.
Lymphocytes from about half of HTLV-1 infected subjects spontaneously proliferate in vitro, and how this phenomenon
relates to symptomatic disease outcome and viral burden is poorly understood. Spontaneous proliferation was measured
in lymphocyte subsets, and these findings were correlated with HTLV-| proviral load and Tax expression in peripheral
blood mononuclear cells (PBMCs). We found that in addition to previously described vigorous CD8* T cell spontaneous
proliferation, natural killer (NK) cells spontaneously proliferated to a similar high level, resulting in expansion of CD56-
expressing NK cells. Spontaneous NK cell proliferation positively correlated with HTLV-I proviral load but not with Tax
expression or the presence of HAM/TSP. The strongest correlate with clinical outcome in this cohort was the ability of
cells to express Tax, while HTLV-| proviral load was more closely related to spontaneous NK cell proliferation. These re-
sults demonstrate that spontaneous proliferation, Tax expression, and proviral load are inter-related but not equivalent,
and that spontaneous lymphocyte proliferation is not restricted to T cells, the targets of HTLV-I infection.

Introduction

HTLV-1 causes chronic infection of humans via mother to child,
sexual and parenteral transmission.! HTLV-1 provirus inte-
grates into the genome of the infected cell, predominantly
CD4" lymphocytes. During the chronic phase of infection
there is little production of viral RNA, and propagation of
infection is by means of clonal proliferation of infected lym-
phocytes.? Approximately 2—-4% of those infected will develop
adult T cell leukemia, presumably because of additional muta-
tions accumulating within proliferating clones.>* A different
pathophysiology is thought to underlie HTLV-1 associated
myelopathy/tropical spastic paraparesis (HAM/TSP), a chronic
progressive neurologic disease with pathology affecting the tho-
racic spinal cord.>® Affected individuals (1-4% of all HTLV-1
carriers)” have high levels of HTLV-1 provirus in the peripheral
blood,® as well as a vigorous CD8* cytotoxic T cell response
directed against HTLV-1 antigens.” Rare cases of HTLV-1 associ-
ated pneumonitis have also been described and may have a simi-
lar pathophysiology.'*!

In spite of serious morbidity associated with HTLV-1 in a
minority of subjects, most infected individuals appear to be in
general good health, including many with high levels of provi-
rus in peripheral blood."? However, some subtle immune defects
are apparent even in the otherwise healthy HTLV-1 infected
population. Compared to individuals without HTLV-1 infec-
tion, parasite load is higher and chronic carriage more common
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in subjects with strongyloidiasis and HTLV-1 co-infection
(reviewed in ref. 13), Mycobacterium avium complex infection
causes more extensive pulmonary lesions in HTLV-1 infected
subjects,' and HTLV-1 infected subjects are at increased risk
for bladder or kidney infections, possibly related to neurologi-
cal dysfunction.”!® A detailed understanding of the immuno-
pathophysiology underlying HTLV-1 disease associations
is lacking, in part because many studies have been narrowly
focused. Similarly, prognostic markers to predict which chroni-
cally infected individuals will develop hematologic, neurologic
or pulmonary disease have not been identified. These would
be useful because antiviral or immune modulator treatment
could be considered in those at high risk. Once immunopa-
thology has been established such as in HAM/TSP, the early
establishment of fibrosis has proved resistant to treatment
strategies."”

Over20yearsagoitwasnoted thatlymphocytesfrom HTLV-1
infected subjects can spontaneously proliferate in vitro' and
that HTLV-1 infection of T cell clones leads to cellular prolifera-
tion that is independent of stimulation with cognate antigen.”
PBMC:s from approximately half of HLTV-1 infected subjects
exhibit spontaneous lymphocyte proliferation.?® In subjects
with HAM/TSP, it has been shown that a higher percentage of
CD8* than CD4* T cells proliferates spontaneously in vitro,
with the hypothesis that proliferation of HTLV-1-specific
CD8* T cells may account for the more vigorous proliferation
of this subset.’ Most work to date examining spontaneous
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Table I. Subject characteristics.

Subject # Classification Age
| HTLV-I 19
2 HTLV-I 73
3 HTLV-I 47
4 HTLV-I 59
5 HTLV-I 53
6 HTLV-1 63
7 HTLV-I 68
8 HTLV-1 56
9 HTLV-1 63
10 HTLV-1 60
I HTLV-I 74
12 HTLV-I 49
13 HTLV-I 52
14 HTLV-I 8l
15 HTLV-1 76
16 HAM/TSP 57
17 HAM/TSP 59
18 HAM/TSP 55
19 HAM/TSP 68

20 HAM/TSP 54
21 HAM/TSP 48
22 Healthy control 56
23 Healthy control 30
24 Healthy control 30
25 Healthy control 44
26 Healthy control 33
27 Healthy control 47
28 Healthy control 31
29 Healthy control 46
30 Healthy control 32
3l Healthy control 38
32 Healthy control 53

Gender Race Co-morbidities®
F Asian healthy
M Black osteoarthritis
F White healthy
F Asian healthy
F White healthy
F White lupus, arthritis
F Black arthritis, diabetes
F Hispanic osteoporosis
F Asian healthy
M White DJD?, osteoarthritis
M Asian healthy
F White healthy
F White healthy
F White CHP®, hiatal hernia
F Asian healthy
F White moderate HAM
F White severe HAM
F White mild HAM
M Black severe HAM
F White severe HAM
F Asian severe HAM
M White
F White
F White
M White
M White
M White
M Asian
F White
M White
M White
M Asian

*Co-morbidities were not recorded for control subjects. °D)D, degenerative joint disease; CHF, congestive heart failure.

lymphocyte proliferation in HTLV-1 infection has focused
on mechanisms of induction of T cell proliferation, with
little attention paid to other lymphocyte subsets.

We therefore utilized specimens from a long-standing
prospective cohort of HTLV-1 infection to characterize
markers of the HTLV-1 immunologic response. In particu-
lar, we concentrated on in vitro spontaneous lymphocyte
proliferation in multiple lymphocyte subsets and correlated
these with Tax mRNA expression and HTLV-1 proviral load.
We hypothesize that a better understanding of the immu-
nology of spontaneous lymphocyte proliferation and its
relation to proviral load and Tax expression might yield etio-
logic and prognostic information useful for the prediction
of HAM/TSP and other immunopathology associated with
HTLV-1.
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Results

Study subject characteristics. The study group was comprised of
21 subjects with HTLV-1 infection, including 15 HTLV-1 carri-
ers and 6 subjects with HAM/TSP. The HAM/TSP subjects had
all presented with neurological symptoms consistent with HAM/
TSP prior to donation of the samples studied in the current
experiments. HAM was further classified as mild moderate or
severe. Mild cases had spasticity and hyperreflexia but minimal
impairment in daily functioning; moderate cases had impaired
activities of daily living but were still able to ambulate with or
without crutches; and severe cases were wheelchair-bound. Study
subjects ranged in age from 19 to 81 years and had been fol-
lowed in the cohort and known positive an average of 12 years
(Table 1). As a comparison group PBMCs were obtained from
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11 healthy HTLV-1 seronegative control subjects, 8 males and 3
females, aged 3056 years (median age = 38).

Preferential spontaneous proliferation of NK cells and CD8*
T cells from HTLV-1 infected subjects. Spontaneous lymphocyte
proliferation has been described in HTLV-1 infection, primarily in
the CD8* T cell subset of lymphocytes.” The development of flow
cytometry-based proliferation assays has allowed a much better
understanding of which lymphocyte subsets respond to antigenic
or other stimulation.** We sought to understand whether sponta-
neous lymphocyte proliferation also occurred in non-T cell subsets
of lymphocytes and measured proliferation by carboxyfluorescein
succinimidyl ester (CFSE) dilution in unstimulated PBMCs at
seven days in CD4* and CD8* T cells, NK cells (CD3/CD16"),
and B cells (CD3/CD19*). The gating strategy and representa-
tive results are shown in Figure 1. Our results confirmed prior
observations that CD8* T cells show higher levels of spontaneous
lymphocyte proliferation than CD4* T cells in HTLV-1 infected
subjects (Fig. 2A). Unexpectedly, we also observed vigorous spon-
taneous proliferation of CD16* NK cells, which was significantly
higher than that found in CD19* B cells. Spontaneous prolifera-
tion in CD8* T cells and CD16* NK cells was greater in HTLV-1
infected subjects compared to normal control donors (p = 0.0004
and p = 0.009, respectively, data not shown), while the prolifera-
tion levels were not significantly different for CD4* T cells or
CD19* B cells. We next explored whether HTLV-1 disease status
correlated with the degree of spontaneous lymphocyte prolifera-
tion. Spontaneous lymphocyte proliferation in CD8* T cells was
significantly greater in HAM/TSP subjects and HTLV-1 carriers
than normal controls, but there was no significant difference in
spontaneous proliferation between the HAM/TSP subjects and
HTLV-1 carriers (Fig. 2B). Similarly, spontaneous proliferation
within CD4* T cell, CD19* B cell and CD16* NK cell subsets
were not different between the HAM/TSP subjects and HTLV-1
carriers, though NK cells from HTLV-1 carriers proliferated sig-
nificantly more vigorously than those from normal control subjects
(Fig. 2B). These data reveal that NK cells as well as CD8* T cells
show increased spontaneous proliferation in HTLV-1 infection,
but in the current relatively small study spontaneous proliferation
was not associated with HAM/TSP.

Phenotype of proliferating NK cells. The finding that NK
cells underwent increased spontaneous proliferation in HTLV-1
infected subjects was surprising, particularly given a prior
report of decreased NK cell frequency in HTLV-1 infection.”
NK cells have been grouped into functional subsets based on
expression of CD16 (FcyRIIIA, a low-affinity receptor for the
Fc portion of IgG) and CD56 (an adhesion molecule), with
CD56%"CD16* NK cells possessing vigorous cytotoxic activ-
ity and CD56"CD1674™ NK cells biased toward cytokine
secretion (reviewed in refs. 26 and 27). In a subset of subjects,
spontaneous proliferation of NK cells was further explored by
adding an antibody to CD56 to the spontaneous lymphocyte
flow cytometry panel and measuring NK cell phenotype after
seven days’ culture. Proliferation was measured by CFSE dilution
in NK cells, which fell into three populations: CD56"CD16""s",
CD56*CD16%™ and CD56*CD16 (Fig. 3A). Among HTLV-1
infected subjects spontaneous proliferation of both CD56* NK
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Figure I. Detection of spontaneous lymphocyte proliferation in T, NK
and B cell populations. (A) Cells were first gated to identify single cells
that were Aqua-amine reactive dye negative (viable) and CD3"*. Gated
cells were plotted as CD4 vs. CD8 (left column). Gated CD4* or CD8"
T cells were plotted vs. CFSE (middle and right columns, respectively),
with proliferating cells falling in the CFSE"" gate. (B) Cells were gated
to include viable single cells that were CD3". Gated cells were plotted
as CD16 vs. CDI9 (left column). Gated CDI16* NK cells or CDI19* B
cells were plotted vs. CFSE (middle and right columns, respectively),
with proliferating cells falling in the CFSE'*"gate. Representative data are
shown for HTLV-1 infected (upper rows) and normal control subjects
(lower rows).

cell subsets was statistically significantly higher than for the
CD56" subset of NK cells (Fig. 3B). These data demonstrate that
NK cells bearing CD56 preferentially proliferate in unstimulated
cultures ex vivo, or alternatively that CD56 is upregulated in NK
cells undergoing spontaneous proliferation.

Dynamics of Tax expression. Tax mRNA expression was
quantified by RT-PCR using three different sets of primers (Table
2). Three different primer sets were utilized to increase precision
of detection, as Tax mRNA expression was low in most samples
where it was detected. The cycle number at which each positive
assay became detectable ranged from 27 to 38, with a median
positive cycle number of 33. To maximize the sensitivity of Tax
mRNA detection, we developed a “Tax score,” and if a PCR reac-
tion scored positive in either the forward or reverse direction for
each set of primers the sample would receive one point, for a total
possible score of six points per sample. We examined the cor-
relation between the Tax score and the average cycle number for
those reactions that were positive and found a good correlation
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Figure 2. Spontaneous proliferation of PBMC subsets. Proliferation was measured by CFSE dilution in cells cultured for seven days without exog-
enous stimulation. (A) Among HTLV-I infected subjects CD8" T cells and CD16* NK cells showed the highest levels of spontaneous proliferation.
(B) Spontaneous proliferation was measured in subjects with HAM/TSP (n = 6), HTLV-1 carriers (n = 15), and normal controls (n = 16). A minimum
of 30,000 live lymphocytes was collected for each subject, and cell subsets with at least 100 gated events were included for analysis of proliferation
(%CFSE"™"). *p < 0.05, *¥p < 0.01.
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Figure 3. Phenotype of proliferating NK cells after seven days’ culture ex vivo. (A) NK cells were first identified as viable CD3- lymphocytes based
on FSC/SSC, aqua amine-reactive dye, and anti-CD3 staining. The NK cells were then gated into three subsets based on CD56 and CD16 expression
(upper) and CFSE dilution was measured within each subset (lower). (B) For each of the three defined NK cell phenotypes, proliferating cells were
measured in HTLV-1 infected and normal control subjects. A minimum of 30,000 live lymphocytes was collected for each subject, and cell subsets with
at least 50 gated events were included for analysis of proliferation (%CFSE""). Error bars represent standard error; *p < 0.05.

(Fig. 4A). Because Tax expression can increase following in vitro
culture of PBMCs from HTLV-1 infected subjects, we measured
whether sensitivity of detection of Tax mRNA expression would
be increased by first incubating PBMCs for two or seven days
prior to RNA extraction. Incubation of cells prior to RNA extrac-
tion resulted in a modest increase in detection of Tax expression
at days 2 and 7 vs. day 0 (Fig. 4B and C), and the difference was
statistically significantly higher for day 2 vs. day 0 (p < 0.01).
Tax was also quantified by staining cells for intracellular Tax

www.landesbioscience.com

protein expression. In spite of clear Tax staining in MT-2 cells,
Tax protein detection in PBMCs was inconsistent in our hands,
even after in vitro culture (data not shown). We next examined
whether or not Tax expression correlated with HTLV-1 proviral
load. Tax expression at both days 2 and 7 after incubation cor-
related positively with proviral load, with the stronger correla-
tion found for Tax mRNA levels at day 7 (Fig. 4D). Based on
these observations it is clear that Tax expression was linked to
HTLV-1 viral burden, though the relative contribution of each
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of these to disease manifestations and spontaneous T cell and
NK cell proliferation remained to be determined.

Influence of Tax expression and HTLV-1 proviral load on
NK cell proliferation. Tax expression has been linked to acti-
vation of HTLV-1-specific CD8* T cells and adverse conse-
quences of infection such as HAM/TSP.? Both Tax expression
at day 7 and HTLV-1 proviral load appeared higher in HAM/
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Figure 4. Dynamics of Tax mRNA expression and relationship to
HTLV-1 proviral load. (A) RNA was extracted from PBMC aliquots and
was tested by RT-PCR using three sets of forward and reverse primers
specific for Tax (see Table 2). A Tax score was calculated, with each
positive primer set increasing the score by one (for a maximum value
of six). The average cycle number for positive reactions was correlated
with the calculated Tax score. (B and C) RNA was harvested from cells
ex vivo or after two or seven days’ in vitro culture, and results are
shown for (B) HAM/TSP subjects (n = 5) or (C) HTLV-I carriers (n =
13). (D) HTLV-1 proviral load was determined in ex vivo PBMCs (n = 13)
and paired with Tax scores from PBMCs after 7 days’ in vitro culture,
showing a positive linear correlation.

TSP subjects compared to those with asymptomatic HTLV-1
infection (Fig. 5A and C), though the differences only reached
statistical significance for Tax expression (p < 0.05 and p = 0.07,
respectively). It should be noted that the HTLV-1 carriers were
selected for relatively high proviral load to increase the propor-
tion of subjects with Tax expression, which decreased the power
to detect a significant effect of proviral load on disease outcome.
Interestingly, there was no correlation between disease outcome
and Tax expression at days 0 or 2 (data not shown), implying that
cells with the ability to sustainably upregulate Tax expression are
associated with HAM/TSP.

While Tax expression and HTLV-1 proviral load are strongly
correlated, it is possible that one or the other has a larger influ-
ence on spontaneous NK cell proliferation. Given the role of Tax

in cell cycle activation,”%

we hypothesized that Tax expression
would correlate more strongly with NK cell proliferation. In fact,
we found no evidence that Tax expression influenced spontane-
ous proliferation, while HTLV-1 proviral load showed a weak
effect on spontaneous NK cell proliferation (Fig. 5B and D).
The same trends were seen for CD4* and CD8* T cells (data
not shown). These data show that while Tax expression and the
level of HTLV-1 proviral load are strongly correlated, the former
is more closely tied to disease manifestation while the latter is

associated with spontaneous NK cell proliferation.
Discussion

HTLV-1 causes subtle changes in immune cell function, includ-
ing spontaneous lymphocyte proliferation, in a large percentage
of infected subjects. We sought to understand which subsets of
lymphocytes spontaneously proliferate in HTLV-1 infection,
the factors associated with proliferation, and how these related
to serious disease outcome (HAM/TSP). Surprisingly, NK cells
showed levels of spontaneous proliferation that were compa-
rable to CD8* T cells in HTLV-1 infected subjects, which has
implications for understanding the mechanism of spontaneous
lymphocyte induction. Tax mRNA expression and HTLV-1
proviral load were correlated, and Tax mRNA expression was
associated with the presence of HAM/TSP, consistent with a
prior study’” We further demonstrated that HTLV-1 primarily
drove expansion of CD56* NK cells.

The most intriguing finding of the current study was that
NK cells from HTLV-1 infected subjects undergo clear sponta-
neous proliferation. NK cell frequencies have been reported as
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Figure 5. Relationship between Tax mRNA level, proviral load and
spontaneous NK cell proliferation. (A) The Tax score to quantify Tax
mRNA expression was calculated as in Figure 4 and compared in sub-
jects with HAM/TSP (n = 6) and HTLV-1 carriers (n = 12), with HAM/
TSP subjects showing higher Tax scores from PBMCs after 7 days’ in
vitro culture. (B) Proliferation of CD8* T cells at day 7 (%CFSE"") was
compared to Tax expression at day 7 in HTLV-| infected subjects

(n = 13) and analyzed by linear regression. (C) Proviral load was mea-
sured in ex vivo PBMCs in subjects with HAM/TSP (n = 6) and HTLV-I
carriers (n = 15). (D) Proliferation of CD8" T cells at day 7 (%CFSE"")
was compared to HTLV-| proviral load ex vivo in HTLV-I infected
subjects (n = |5) and analyzed by linear regression.

low in HAM/TSP subjects, though the differences were primar-
ily driven by CD3*CD16" cells,” more consistent with decreased
natural killer-like T cells than NK cells.*® A small study of in vivo
proliferation of NK cells measured using deuterium-enriched
glucose revealed that HTLV-1 infected subjects did not have a
significantly different rate of NK cell proliferation from normal
control donors.?' In HTLV-2 infection subjects who exhibit spon-
taneous lymphocyte proliferation have decreased proportions of
NK cells and a trend to decreased absolute NK cell numbers.>
It seems unlikely that the mechanism of NK cell stimulation is
through direct infection by HTLV-1, as DNA is not detected in
NK cells by PCR ex vivo.”® However, it has been shown that NK
cells can be infected with HTLV-1 if first activated with anti-
CD16 antibody, and infected NK cells proliferate more vigorously
and survive longer in vitro, though they are not immortalized.**
Our findings of vigorous in vitro spontaneous proliferation of
NK cells suggests that re-examination of NK cell frequencies in
HTLV-1 infection may be warranted. It is possible that CD8* T
cell proliferation would predominate in HTLV-1 infected sub-
jects, filling the immunological niche and preventing NK cell
expansion in vivo.

A number of etiologies have been proposed as driving sponta-
neous lymphocyte proliferation of T cells. Tax protein has been
linked to transformation of HTLV-1 infected T cells in adult T
cell leukemia cells,” which likely involves a different set of pro-
cesses from spontaneous proliferation. Tax protein expression has
been shown to correlate with proliferation of CD8* T cells at day
13 but not at earlier time points in one study,” consistent with
this study and prior work that showed no correlation between
Tax expression and spontaneous proliferation up to day 7 of in
vitro culture.” Furthermore, neutralization of Tax protein with
a monoclonal antibody does not affect spontaneous lymphocyte
proliferation, and exposure of PBMCs to HTLV-1 infected cells
that have been irradiated or fixed will induce spontaneous pro-
liferation in a cell contact dependent fashion.’>% It appears that
HTLV-1 infected T cells present antigens and costimulatory
molecules on their cell surface that interact with CD8* T cells
to induce proliferation. Studies using blocking antibodies have
shown that important pathways for spontaneous lymphocyte
proliferation include IL-2 and IL-2 receptor,”?® costimulatory
molecules CD80 and CD86,% adhesion molecules CD2/LFA-3
and possibly LFA-1/ICAM-1,°** and the class I HLA mol-
ecule.®* HTLV-1 infected B cells are not sufficient to stimulate
lymphocyte proliferation,” and the presence of adherent antigen
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presenting cells enhances proliferation.”> More recent work has
implicated HTLV-1 basic leucine zipper factor (HBZ) in promo-
tion of proliferation of transformed T cells®* and in pathogenesis
of adult T cell leukemia and HAM/TSP.* Whether or not these
pathways would be sufficient to activate NK cells is unknown
and requires further investigation.
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As has been demonstrated previously, we found that CD8*
T cells proliferated spontaneously to higher levels than CD4*
T cells,” and we additionally showed that NK cells underwent
brisk spontaneous proliferation in HTLV-1 infected subjects.
This implies that there may be a common mechanism causing
proliferation of both CD8* T cells and NK cells. Mechanisms
that might drive spontaneous proliferation of both NK and
CD8* T cells include paracrine IL-2 driven expansion and
antigen-specific expansion. Supporting a role for IL-2, only
the CD56* subset of NK cells expanded in vitro in our study
of spontaneous proliferation, and CD56* NK cells express
the IL-2 receptor while CD56° NK cells do not.** HTLV-1-
specific expansion of NK cells could also play a role in both
CD8"* T cell and NK cell expansion, as NK cells have recently
been demonstrated to preferentially expand in response to a
mouse cytomegalovirus antigen presented by a major his-
tocompatibility complex class I protein.” While HTLV-1
infected cells do not appear to express NK cell activating
ligands NCR and NKG2D, they do express the co-activating
receptors NTB-A and 2B4,® which may partially explain NK
cell stimulation by infected cells.

In summary, we have shown that NK cells can undergo
significant spontaneous proliferation in HLTV-1 infected
subjects, broadening this process to more than a T cell-based
phenomenon. This finding raises a number of new research
questions about the immune modulation caused by HTLV-1
infection. It is not clear if other PBMC subsets such as den-
dritic cells or monocytes will also undergo spontaneous
proliferation. Understanding which cells are stimulated by
HTLV-1 will help define the mechanism of stimulation.
Another area of new research will be to identify whether
the same activation pathways operate to stimulate NK cells
and CD8* T cells, or whether they respond to distinct stim-
uli. Understanding how HTLV-1 interacts with the human
immune system will potentially yield new prognostic param-
eters for those in the chronic, stable phase of infection and
will allow development of new immunotherapeutic interven-
tions to disrupt development of complications of HTLV-1
infection.

Material and Methods

Study subjects. The study subjects were selected from a
cohort of 151 HTLV-1 infected subjects enrolled in the HTLV
Outcome Study (HOST). Study subjects were followed longi-
tudinally with study visits once every two years, at which point
questionnaires detailing disease related symptoms were admin-
istered and blood was drawn with cryopreservation of PBMCs
and plasma. Subjects with neurological disease (HAM/TSP)
were selected for the current study and HTLV-1 carriers were
chosen from the remaining cohort based on sample availability
and the presence of relatively high proviral load, in an effort to
maximize the number of subjects with detectable Tax produc-
tion (Table1). Allsampleswere collected afterwritteninformed
consent under protocols approved by the University of
California, San Francisco Committee on Human Research.
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Sample preparation. Samples were stored in LN, vapor prior
to testing. Frozen PBMCs were thawed into and washed once
in RPMI-1640 (Gibco) supplemented with 20% heat inacti-
vated FBS (Hyclone). Cells were then resuspended in RPMI-
1640 supplemented with 10% heat inactivated human serum
(Sigma). Cells were aliquoted into individual Falcon 2058
culture tubes (BD Biosciences) containing | ml with 1 x 10°
cells each.

Spontaneous lymphocyte proliferation. Samples were
divided into four Falcon 2058 tubes, two used for surface
staining and IgG2a isotype control for intracellular staining
(tube 1) and two for all test antibodies with anti-Tax antibody
added for intracellular staining (tube 2). Two of these tubes
were for testing on day two with the remaining two tubes for
testing on day seven. These four tubes to assess spontane-
ous lymphocyte proliferation along with one extra tube of
normal control PBMC to be used as a compensation control
were stained with 5 ug/ml CFSE (Sigma). Normal donor cells
from a single donor in each test batch were thawed to prepare
cells for unstained and single color compensation controls
at the same time. All test sample and compensation control
tubes were incubated in a slant rack for two or seven days at
37°C with 5% CO,. For a subset of samples a third tube was
added to the panel for testing on day seven, which included
an additional marker for NK cells (CD56) and CD11a. Anti-
Tax antibody was not included in the third tube.

Flow cytometry antibodies and staining. Anti-Tax anti-
body was produced and purified from a Balb/c mouse spleno-
cyte/P3X Ag8.453 hybridoma (AIDS Research and Reference
Reagent Program, contributed by Beatrice Langton). The
antibody is IgG2a isotype and was used unconjugated. After
two or seven days in culture, the cells were washed twice in
PBS and resuspended in 100 ul PBS for immunofluorescent
staining. Cells were first stained with LIVE/DEAD® Fixable
Dead Cell Aqua Stain (Molecular Probes) at a final dilution of
1:1,000 for 10 minutes followed by a surface cocktail of anti-
bodies for lymphocyte subsets for an additional 20 minutes at
room temperature protected from light. The surface cocktail
included fluorochrome conjugated antibodies to CD3-Pacific
Blue, CD4-Alexafluor700, CDS8-APC, CDI16-PE-Cys5,
CD19-PE-Cy7 (all from BD Biosciences, Pharmingen) which
were used at an appropriately titered concentration. The
surface cocktail for NK cell studies included CD3-Pacific
Blue, CD16-PE-Cy5, CD56-PE-Cy7 and CD11a-APC (all
from BD Biosciences). Surface stained cells were fixed and
permeabilized with the Fix & Perm® Cell Permeabilization
Reagent Kit (Caltag Laboratories) following the manufac-
turer’s recommended protocol but with the addition of 7%
goat serum (Sigma) to the PBS wash buffer. Fixed cells were
resuspended in 100 ul of permeabilization solution B with
7% goat serum to which 10 ul FcR Block Reagent (Miltenyi
Biotech) was added and incubated for 10 minutes at room
temperature protected from light. Appropriately titered anti-
Tax antibody was added to one tube of each sample set and
unconjugated IgG2a isotype (BD Bioscience, Pharmingen) to
the other tube of each set and incubated for an additional
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20 minutes at room temperature protected from light. All cells
were washed twice with PBS containing 7% goat serum. After
the last wash, the cell pellets were resuspended in 100 ul per-
meabilization solution B with 7% goat serum prior to addition
of PE-labeled goat anti-mouse IgG2a (Southern Biotech) sec-
ond step reagent. Cells were incubated for 20 minutes at room
temperature protected from light followed by two washes in
PBS with 7% goat serum. Cell pellets were resuspended in 1%
paraformaldehyde in PBS and incubated for at least 30 min-
utes at 4°C prior to FACS analysis. MT-2 cells were used as a
positive Tax protein control and H9 cells were used as a Tax
protein negative control. MT-2 and H9 cells were stained and
processed the same as test samples except the surface cockrail
only contained CD3-Pacific Blue and CD4-Alexafluor700.

FACS analysis. All samples were acquired on a calibrated
LSR II flow cytometer (BD Biosciences) using DiVa v5.0.2
software (BD Biosciences). The FCS 3.0 data files were ana-
lyzed with Flowjo v8.7.2 software (Tree Star). For spontane-
ous proliferation, the percent of each lymphocyte subset that
proliferated was averaged from tubes 1 and 2. The percent
non-specific staining obtained with the IgG2a isotype control
was subtracted from the Tax-stained samples. At least 30,000
gated viable lymphocytes were collected for each sample.

Tax mRNA quantification. RNA was extracted from
PBMCs using the QIAamp RNA Blood Mini Kit (Qiagen)
per manufacturer’s instructions. DNase was added to the
extracted RNA and incubated for 30 min at 37°C and then
for 10 min at 100°C to inactivate the DNase. The RNA was
reverse transcribed into cDNA using three downstream prim-
ers in separate reactions (Table 2). The samples were also
reverse transcribed using a primer for f-actin, a housekeeping
gene. For each sample 5 ul of cDNA was added to the PCR
mixture with the appropriate primer pair. Real-time PCR
was performed using a GeneAmp 5700 machine (Applied
Biosystems) under the following cycle conditions: 10 min at
95°C followed by 45 cycles of: 30 sec at 95°C, 30 sec at 64°C
and 45 sec at 72°C. Reactions were performed in duplicate.

HTLV-1 proviral load detection. Quantitation of provi-
ral DNA of HTLV-1 was performed using real-time PCR.
PBMCs were digested in a PCR solution with proteinase
K. To quantitate the cellular input for each reaction, HLA
DQ-a copy number was measured separately. Primers were
from highly conserved sequences of the HTLV-1 viral zax
region designated as HTV-F5 (Table 2). For each sample
25 ul of DNA lysate was added to the PCR mixture (5 ul for
the DQ-a reactions). Real-time PCR was performed as
described above and reactions were performed in triplicate.
Fluorescence intensity of Syber green incorporated into the
amplified product was measured at every PCR cycle, and
the cycle number at which fluorescence passed the baseline
threshold was recorded for each replicate. For each run,
a standard curve was generated from 1:10 serial dilu-
tions of the MT-2 cell line (HTLV-1 infected, obtained
from American Type Culture Collection, ATCC), with
a range of 10" to 10 copies per reaction. Mean HTLV-1
copy numbers for MT-2 was 2.1 HTLV-1 copies per cell,
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Table 2. Primers for Tax mRNA and HTLV-| proviral load

Tax expression

HTLV-1TaxF 5-TGT TTG GAG ACT GTG TAC AAG GCG-3'
HTLV-1TaxR 5'-GTT GTA TGA GTG ATT GGC GGG GTA A-3'
RPX3 5'-ATC CCG TGG AGA CTC CTC AA-3'
RTTAXBI 5'-AGA GGT TCT CTG GGT GGG GAA G-3'
3HTLVTAXF 5'-TGT TTG GAG ACT GTG TAC AAG GCG-3'
3HTLVTAXR 5'-GTT GTA TGA GTG ATT GGC GGG GTA A-3'
-actinF 5'-CAA GAG ATG GCC ACG GCT GCT-3'
-actinR 5'-TCC TTC TGC ATC CTG TCG GCA-3'
Proviral load
HTV-F5 5'-CGG ATA CCC IGT CTA CGT GTT T-3'
HTV-R4 5'-CTG AGC IGA IAA CGC GTC CA-3'
DQ- GH26 5'-GTG CTC CAG GTG TAA ACT TGT ACC AG-3'
DQ- GH27 5'-CAC GGA TCC GGT AGC AGC GGT AGA GTT

G-3'

as determined previously.” The number of copies in the
test sample was then calculated by interpolation of the
experimentally determined threshold cycle number onto the
control standard regression curves. The mean value of
three replicates was calculated. To determine the viral
load of each sample, the number of copies of HTLV-1
was divided by the DQ-o copy number. The lower
limit of detection for the assay is 1 copy per 10° cells.
Reproducibility of the assay was measured by testing
40 specimens in duplicate on two replicate assays (range 1
to 1,000 copies/ml). Interassay variability was approximately
two-fold between plates, with r = 097 by linear
regression.”

Statistical analyses. Statistical comparisons were per-
formed using Prism 5 software (GraphPad Software, Inc.).
Comparisons made between two groups of individuals (e.g.,
proviral load for HAM/TSP subjects vs. HTLV-1 carriers)
were made using an unpaired t test. For comparisons among
multiple groups, one way ANOVA was performed with a
Tukey post-test comparison to determine significance of dif-
ferences among variables. For data that were not normally
distributed the one way ANOVA was performed using the
Kruskall-Wallis test with a Dunn’s post-test comparison.
Correlation of two potentially related parameters (e.g., spon-
taneous proliferation and proviral load) was analyzed by lin-
ear regression. Differences were considered significant for p

< 0.05.
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