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Introduction

Summary

Human T-lymphotropic virus 1 (HTLV-1) can cause HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP). The objective of this
study was to gain insight into the pathogenesis of HAM/TSP by focusing
on the CD8" T-cell response. Twenty-three HTLV-1-seronegative controls
(SC), 29 asymptomatic HTLV-1 carriers (AC) and 48 patients with HAM/
TSP were enrolled in the study. We evaluated the production of inter-
feron-y (IFN-y) in peripheral blood mononuclear cells stimulated with
Tax overlapping peptides, the expression of genes related to the CD8"
cytotoxic T-cell response, the frequency of CD4" Foxp3™ cells and of den-
dritic cells, and the HTLV-1 provirus load (PVL). The frequency of cells
producing IFN-y in response to Tax 161-233, but not to Tax 11-19, dis-
criminated patients with HAM/TSP from AC. The increased pro-inflam-
matory response observed in patients with HAM/TSP was shared by AC
with a high PVL, who also exhibited lower levels of granzyme H mRNA
in unstimulated CD8" T cells than AC with a low PVL. Patients with
HAM/TSP showed higher frequencies of CD4" Foxp3™ cells and lower fre-
quencies of plasmacytoid dendritic cells (pDC) than AC. Our findings are
consistent with a model in which HTLV-1, along with the host genetic
background, drives quantitative and qualitative changes in pDC and
CD4" Foxp3" cells that lead to a predominance of inflammatory
responses over lytic responses in the CD8" T-cell response of individuals
predisposed to develop HAM/TSP.

Keywords: CD8" T-cell response; human T-lymphotropic virus 1; parapa-
resis, tropical spastic; provirus load; T lymphocytes, regulatory

harm to the host. Nonetheless, these mechanisms are sub-
verted in about 5-10% of HTLV-1-infected people, who

The human T-lymphotropic virus 1 (HTLV-1) is a retro-
virus discovered in the late 1970s, but that has had a long
relationship with humankind." As a result of thousands of
years of co-evolution, subtle mechanisms have developed
that allow virus perpetuation, usually with no serious

over the years develop associated diseases such as adult
T-cell lymphoma/leukaemia (ATLL) or HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis (HAM/TSP).
HAM/TSP is a severe disease characterized by chronic
inflammation of the spinal cord, especially in the lower

Abbreviations: AC, asymptomatic HTLV-1 carriers; APC, antigen-presenting cell; ATLL, adult T-cell lymphoma/leukaemia; BSA,
bovine serum albumin; CTL, cytolytic T lymphocytes; DC, dendritic cells; ELISA, enzyme-linked immunosorbent assay;
ELISPOT, enzyme-linked immunospot; FITC, fluorescein isothiocyanate; HAM/TSP, HTLV-1-associated myelopathy/tropical
spastic paraparesis; HTLV-1, human T-lymphotropic virus 1; IFN-7, interferon-y; mDC, myeloid dendritic cells; NKG2D, natural
killer group 2D; PBMC, peripheral blood mononuclear cells; PBS, phosphate-buffered saline; pDC, plasmacytoid dendritic cells;
PE, phycoerythrin; PVL, provirus load; qPCR, quantitative PCR; SC, HTLV-1-seronegative controls;SFC, spot-forming cell.
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thoracic portion, which causes spastic paraparesis of the
lower limbs.”

Previous studies have shown that patients with HAM/
TSP have significantly higher provirus loads (PVLs) than
asymptomatic HTLV-1 carriers (AC)** and that certain
HLA class T alleles are associated with lower PVLs and a
diminished risk of the disease, at least in particular popu-
lations.” In light of these findings, it was postulated that
an impaired specific cytotoxic response by activated CD8"
T cells [cytolytic T lymphocytes (CTL)] of HAM/TSP
patients would result in a greater increase of the PVL in
response to a fixed increase in the expression of Tax.°
Goon et al.” have shown that the viral protein Tax is the
immunodominant antigen in the HTLV-1-specific CTL
response, but that the frequency of Tax-specific CTL was
not associated with the disease status of infected subjects.
Thus, according to these authors, alterations in CTL func-
tion, rather than in CTL frequency, could lead to a defi-
cient HTLV-1-specific CTL response in subjects who
develop HAM/TSP.

The antigen-driven CTL response has two facets: the
production and release of lytic factors such as perforin,
granzymes, granulysin and natural killer group 2D
(NKG2D), aimed at destroying the target cell; and the
production of pro-inflammatory cytokines, mainly inter-
feron-y (IFN-y), to inhibit viral replication, promote
macrophage activation and induce expression of HLA
class T molecules.® Tt has been shown that HTLV-1-spe-
cific CTL from patients with HAM/TSP express fewer co-
stimulatory molecules, which are critical for efficient lytic
functions, and that a subpopulation of these CTL releases
fewer lytic factors in response to Tax when compared
with AC.” The fact that this diminished cytotoxic
response was independent of the PVL suggests that it may
constitute an inherent trait of those individuals predis-
posed to develop HAM/TSP. It also implies that CTL effi-
ciency per se is insufficient to determine the PVL and that
other factors, such as Tax expression,'® the route of trans-
mission and/or as yet unknown environmental factors
(e.g. intercurrent disease), are likely to be involved.

IFN-y production by HTLV-1-specific CTL has been
detected in patients with HAM/TSP using both flow
cytometry'' and enzyme-linked immunospot (ELISPOT)
assays.” Noteworthy, not much attention has been paid to
this pro-inflammatory facet of the HTLV-1-specific CTL
response in spite of well-documented evidence for exacer-
bated in vivo and in vitro production and release of pro-
inflammatory cytokines by peripheral blood mononuclear
cells (PBMC) from patients with HAM/TSP.'>" In fact, a
study reported higher frequencies of CD8" IFN-y" T cells
in PBMC from HAM/TSP patients compared with AC.""
These differences might be a consequence of alterations in
antigen presentation by antigen-presenting cells (APC)
and/or changes in regulation by regulatory T cells. In that
regard, the putative role of dendritic cells (DC) as a
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vehicle for virus transmission,'* and the negative correla-
tion between the frequency of cells with a T-regulatory-
like phenotype (CD4" Foxp3™) and CTL activity found in
HTLV-1-infected subjects,'” open new avenues for further
investigations on this matter.

In this study, we evaluated if patients with HAM/TSP
can be distinguished from AC by their HTLV-1-specific
pro-inflammatory CTL response. For that purpose, we
envisaged a short-incubation ex vivo IFN-y ELISPOT
assay that measures the specific response to an array of
peptide pools that cover the entire sequence of Tax. In
contrast to evaluations based on the use of tetramers, this
approach provides a broader picture of the Tax-specific
CTL response, not limited by a particular HLA allele and
a very limited set of known epitopes. The mRNA levels of
Iytic factors in ex vivo unstimulated CD8" T cells, as well
as the in vivo frequency of CD4" Foxp3" cells and of
myeloid DC (mDC) and plasmacytoid DC (pDC), were
also quantified.

Materials and methods

Subjects and cells

Twenty-nine AC and 48 patients with HAM/TSP from the
clinical cohort at the Institute of Tropical Medicine Alexan-
der von Humboldt in Lima, Peru, participated in the study,
along with 23 HTLV-1-seronegative controls (SC). The
study protocol was approved by the Institutional Ethics
Committee of the Universidad Peruana Cayetano Heredia,
and written informed consent was obtained from all partic-
ipants. HTLV-1 infection was determined by at least one
positive enzyme-linked immunosorbent assay (ELISA)
result and at least one positive confirmatory result: either
Western blot, Line Immuno-Assay (Innogenetics, Ghent,
Belgium) or a detectable HTLV-1 PVL, as measured using
our in-house assay.* The disease status of HTLV-1-infected
subjects was determined by trained physicians, and the
diagnosis of HAM/TSP was made according to internation-
ally accepted criteria.'®'” The ethnic background was
defined as Andean if both parents, or four grandparents,
were born in the Andean region.

PBMC were obtained as described previously."? Cells
were suspended in RPMI-1640 (Gibco, Paisley, UK), sup-
plemented with 5% pooled human serum obtained from
healthy donors, 100 IU/ml of penicillin and 100 pg/ml of
streptomycin (Gibco), which is subsequently referred to
as complete medium. For CTL gene-expression measure-
ments, CD8" T cells were positively selected using mag-
netic microbeads (Dynal, Invitrogen, Oslo, Norway).

Synthetic peptides
Eighty-six ‘overlapping’ 13-mer peptides, offset by four

residues and covering the entire sequence of the Tax
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protein (strain ATK),'"® were synthesized by Mimotopes
(Clayton, Vic., Australia). The peptides were grouped into
10 pools of eight peptides each, and into one pool of six
peptides. The pools were added to wells to reach a final
concentration of 1 pg/ml for each individual peptide in
the ELISPOT assays.

ELISPOT assays for IFN-y

All assays were performed according to the manufac-
turer’s instructions (Diaclone, Cedex, France). Briefly,
96-well polyvinylidene difluoride (PVDF)-backed plates
(Millipore, Watford, UK) were treated with 15 pl of 70%
ethanol and washed three times with sterile phosphate-
buffered saline (PBS). The wells were coated with 100 pl
of IFN-y capture antibody for 6 hr at 37°, washed three
times with PBS and blocked for 1 hr at 37° with 100 pl
of RPMI supplemented with 5% pooled human serum.
Two-hundred and fifty thousand freshly isolated PBMC
were added to each well and stimulated with Tax pools,
Tax 11-19 peptide, or medium alone, for 6 hr at 37° in
5% CO,. In all assays, the CD28/CD49d costimulatory
reagent (Becton Dickinson, San Diego, CA) was added at
a final concentration of 0-5 pg/ml. After 6 hr of incuba-
tion, cells were discarded and the plates were incubated
(for 10 min at 4°) with PBS containing 0-1% Tween-20
(PBS/0-1% Tween-20). The wells were washed three times
with PBS/0-1% Tween-20 and then coated with 100 pl of
biotinylated anti-(IFN-y) at 1 pg/ml in PBS/1% bovine
serum albumin (BSA). After a 3-hr incubation at 20°, the
plates were washed three times with PBS/0-1% Tween-20,
and 100 pl of streptavidin—alkaline phosphatase conjugate
were added at a 1:1000 dilution in PBS/1% BSA. Fol-
lowing incubation for 1 hr at 20°, the plates were washed
three times with PBS/0-1% Tween-20, and 100 pl of 5-
bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazo-
lium (BCIP/NBT) substrate was added to each well. The
number of spot-forming cells (SFC) was determined using
the A software (AID Elispot Reader, Strassberg, Ger-
many). In 20 HTLV-1-infected subjects, we evaluated the
frequencies of IFN-y-producing cells in PBMC and in
CD8" T-cell-depleted PBMC. Because the frequencies
were very low in CD8" T-cell-depleted PBMC treated
with Tax peptides (< 10% compared with PBMC), we
decided to continue the experiments with PBMC.

Flow cytometry

In order to establish whether the donor was HLA-A*02
positive, 50 pl of whole blood was immunostained with
saturating concentrations of anti-HLA-A*02—fluorescein
isothiocyanate (FITC) (clone BB7.2; Becton Dickinson,
Erembodegem, Belgium), according to the manufacturer’s
instructions. The red cells were removed with lysing
solution (Becton Dickinson, CA) and the white cells were
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fixed with 0-5% paraformaldehyde solution. Data from
10 000 cells were collected and analyzed.

To determine the percentage of CD4" Foxp3" cells,
freshly isolated PBMC (1 x 10° cells) were immuno-
stained with saturating concentrations of anti-CD4-FITC
(clone RPA-T4; Becton Dickinson, Belgium) for 30 min
at 4°. Cells were then fixed and permeabilized using a
commercial kit, following the manufacturer’s instructions
(eBioscience, San Diego, CA). After a wash with PBS/1%
BSA, the cells were stained intracellularly for 30 min at 4°
with anti-Foxp3—phycoerythrin (PE) (clone PCH101) or
rat IgG2a-PE (clone eBR2a) as the isotype control
(eBioscience). Finally, the cells were washed with PBS/1%
BSA and suspended in PBS/1% paraformaldehyde. The
lymphocyte population was gated according to forward-
scatter versus side-scatter parameters. The CD4" T cells
were selected from 30 000 lymphocyte events, and the
percentage of Foxp3-expressing cells was determined
within that CD4" population (Fig. 1a).

For detection of mDC or pDC, 0-5 x 10° freshly iso-
lated PBMC were immunostained with anti-Lin1-FITC
(clones SK7, 3G8, SJ25C1, L27, M@P9 and NCAMI16.2),
anti-CD123-PE  (clone 9F5), anti-HLA-DR-peridinin
chlorophyll protein (PerCP) [clone L1243 (G46-6)] and
anti-CD11c—allophycocyanin (clone S-HCL-3) (Becton
Dickinson, Belgium). Data from 50 000 cells were col-
lected and the Linl~ HLA-DR"' population was selected
from a Linl versus HLA-DR plot. The selected population
was subsequently analyzed in an HLA-DR versus CDl1lc
or CD123 plot to quantify the frequency of mDC (HLA-
DRM&" CD11c¢*) or pDC (HLA-DRM" CD123%). In all
cases, data were acquired by means of the CELLQUEST soft-
ware (Becton Dickinson, CA) in a fluorescence-activated
cell sorter (FACSCalibur; Becton Dickinson, CA) and ana-
lyzed using the rLowjo program (Tree Star, Ashland, OR).

Quantification of lytic factor mRNA in CD8" T cells

The expression of three genes related to the CD8" T-cell
Iytic response (perforin, granzyme H and NKG2D) was
estimated by quantifying mRNA levels using a SYBR-
Green-based real-time quantitative polymerase chain reac-
tion (qPCR) assay in an iCycler iQ instrument (Bio-Rad,
Hercules, CA). Total RNA was extracted from 0-5—
3 x 10° positively selected CD8" T cells using the
RNAqueos-Micro kit (Ambion, Austin, TX) according to
the manufacturer’s instructions, and cDNA was synthe-
sized using the RNA transcription system and Oligo
(dT),s primers (Promega, Madison, WI). cDNA obtained
from 100 ng of total RNA was amplified with primers
specific for perforin, granzyme H and NKG2D, described
by Vine et al.'” In addition, the expression of two house-
keeping genes, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and beta-2-microglobulin (B2M) was evaluated
in all assays. Primer sequences of GAPDH and B2M have
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Figure 1. Frequency of CD4" Foxp3" cells and its correlation with provirus load (PVL). (a) A typical analysis of CD4" Foxp3" cells in a patient

with human T-lymphotropic virus 1 (HTLV-1)-associated myelopathy/tropical spastic paraparesis (HAM/TSP) is shown. Lymphocytes were
selected according to forward-scatter and side-scatter parameters, and then were gated on CD4" T cells; the frequency of Foxp3" cells was esti-
mated as a percentage of the CD4" T-cell population. (b) Data represent the percentage of Foxp3-expressing cells in the CD4" population from
freshly isolated peripheral blood mononuclear cells (PBMC). The Mann—-Whitney U-test was used to evaluate differences among groups [HTLV-
1-seronegative controls (SC), asymptomatic HTLV-1 carriers (AC) and patients with HAM/TSP]. Only P-values indicating significant differences
are shown. Significance is indicated as follows: *P < 0-05, **P < 0-005, ***P < 0-001. (c) The Spearman test was used to evaluate the correlation
between the frequency of CD4" Foxp3" cells and PVL in HTLV-1-infected subjects (AC + HAM/TSP). FITC, fluorescein isothiocyanate.

been reported previously.”” qPCR reactions were per-
formed in triplicate in a 20 pl reaction mixture consisting
of 10 pl of 2x iQ SYBR-Green Supermix reagent (Bio-
Rad) [final 1Xx concentrations: 50 mm KCl, 20 mm Tris—
HCI (pH 8:4), 0-2 mm of each deoxyribonucleoside tri-
phosphate (dANTP), 3 mm MgCl,, 0-3 U of iTaq hot-start
DNA polymerase, 10 nm fluorescein and SYBR-green-con-
taining buffer], 0-3 pm of NKG2D primers or 0-5 uMm of
perforin, granzyme H, GAPDH or B2M primers, and 2 pl
of ¢cDNA. In all cases, an initial denaturation step at 95°
for 3 min was followed by 32 cycles at 95° for 30 s and
60° for 15 s. Data collection and analysis were performed
using the iCYCLER iQ OPTICAL SYSTEM software, version 3.0a
(Bio-Rad).
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The expression of each gene was normalized using the
GENORM algorithm.?® Among the five genes evaluated
(perforin, granzyme H, NKG2D, GAPDH and B2M), the
GENORM program identified two genes (perforin,
NKG2D) as the most stable genes. Therefore, these genes
were used to calculate the normalization factor for each
sample.

Quantification of HTLV-1 PVL

The HTLV-1 PVL was measured using qPCR, as previ-
ously described.* Genomic DNA was extracted from
5% 10° cells using the QIAampblood DNA mini kit
(Qiagen, Hilden, Germany) and 40 ng was used for deter-
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mining the copy number of the pX (tax/rex) region of the
HTLV-1 proviral genome and the human endogenous
retrovirus 3 (ERV-3) used as a normalizing gene. The
PVL was calculated as follows: [(average copy number of
pX)/(average copy number of ERV-3)] x (2 x 10%), and
expressed as the number of HTLV-1 copies per 10*
PBMC.

Statistical analysis

For the comparison of demographic data, immune mark-
ers and PVL among AC, SC and patients with HAM/TSP,
we used chi-square and Mann—Whitney U-tests. The cor-
relation between the PVL and the frequency of
CD4" Foxp3" cells, and between the PVL and the fre-
quency of pDC, was evaluated using the Spearman test.
In order to assess whether the production of Tax peptides
induced by IFN-y and/or the mRNA levels of lytic factors
in CD8" T cells were associated with the PVL in AC, we
stratified this group into two subgroups according to the
median PVL of all HTLV-1-infected subjects with data
for peptide-induced IFN-y production, mRNA levels of
Iytic factors and PVL: AC with a low PVL (< 2538
HTLV-1 copies/10* PBMC) and AC with a high PVL
(> 2538 HTLV-1 copies/lO4 PBMC). Because of the

Cellular immune response in HTLV-1 infection

exploratory nature of this study, we did not adjust the
P-values for multiple comparisons.

Results

Characteristics of subjects

The demographic characteristics of the participants are
shown in Table 1; 48 patients with HAM/TSP, 29 AC and
23 SC were included. Seventeen participants (10 patients
with HAM/TSP and seven AC, from seven families) had
first-degree family relationships among each other; the
remaining 83 subjects were unrelated. The HTLV-1-
infected subjects were significantly older (P < 0-001) and
included more women (P < 0-05) than the SC, but there
were no significant differences in age and gender between
AC and patients with HAM/TSP. As for the ethnic back-
ground, the proportion of subjects of Andean origin was
higher among patients with HAM/TSP than among AC
(P < 0-05). Most participants (67 of 94, 71%) were HLA-
A*02 positive; HLA-A*02-positive subjects were less fre-
quent in the HAM/TSP group than among the AC
(P < 0-05). There was no significant difference in HLA-
A*02 frequency between AC with a high PVL and those
with a low PVL (P = 0-7).

Table 1. Demographic characteristics and immune markers in HTLV-1-seronegative controls, in asymptomatic human T-lymphotropic virus 1

(HTLV-1) carriers and in patients with HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP)

HTLV-1-seronegative

controls

Asymptomatic HTLV-1

carriers HAM/TSP patients

Median (IQR) (n = 23) Median (IQR) (n = 29) Median (IQR) (n = 48) P-value*
Age (years) 27 (11) 49 (21) 50 (22) 0-5'
Gender ratio (male/female) 13/10 12/17 11/37 0-1°
Ethnic background (Andean/Mestizo) 8/14 8/21 29/19 0-01°
Relatedness to a HAM/TSP patient (yes/no) 14/15 17/31 0-4°
HLA-A*02 (positive/negative) 14/6 25/4 28/17 0-05°
CD4 (cells/pl) 828 (416) 971 (429) 977 (584) 09"
IFEN-y response to Tax pool 6 (SFCs/250 000 cells) 0 (0) 2 (83) 4 (230) 0-04'
IEN-y response to Tax pool 7 (SFCs/250 000 cells) 0 (0-8) 3 (81) 103 (157) 0-007"
IFN-7y response to Tax 11-19 (SFCs/250 000 cells) 0 (3-8) 205 (246) 168 (261) 0-4!
Perforin (relative expression) 1-74 (0-73) 1-97 (0-75) 2-:00 (0-75) 0-8'
Granzyme H (relative expression) 19-29 (31-75) 23-55 (27-31) 2778 (63-01) 0-6'
NKG2D (relative expression) 263 (1-07) 2-31 (0-81) 2:27 (0-79) 0-8'
CD4" Foxp3* (%) 6-21 (2-06) 6-76 (3-58) 8-68 (8-85) 0-001"
Myeloid dendritic cells (%) 7-08 (6-53) 5-20 (5-75) 4-13 (4-04) 02!
Plasmacytoid dendritic cells (%) 4-07 (1-58) 5-52 (2-84) 3.01 (1-54) 0-001"
Provirus load (HTLV-1 copy number/10* PBMC) 1074 (2854) 3476 (3672) < 0-001"

Data were calculated on available results. The proportion of missing data was < 27% for all variables with the exception of plasmacytoid den-
dritic cells (pDC) that were measured in the last phase only (14 patients with HAM/TSP and 13 asymptomatic HTLV-1 carriers). An additional
group of HAM/TSP patients and asymptomatic HTLV-1 carriers was used to evaluate the frequency of CD4" Foxp3" cells.

IFN-y, interferon-y; IQR, interquartile range; NKG2D, natural killer group 2D; PBMC, peripheral blood mononuclear cells; SFC, spot-forming cells.
"Mann-Whitney U-test.

2Chi-square test (continuity correction).

*P-value for the comparison between HAM/TSP patients and asymptomatic HTLV-1 carriers. Significant differences are indicated in bold.
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patients with HAM/TSP and SC (P < 0-001), and between

IFN-y secretion as a specific response to Tax pools AC and SC (P < 0.001) (data not shown). Taking all

The PBMC of HTLV-1-infected subjects showed an IFN-y HTLV-1-infected subjects together, there was a significant
response to the Tax 11-19 peptide. This response to Tax correlation between the PVL and the frequency of cells
11-19 discriminated HLA-A*02-positive subjects from producing IFN-y in response to pool 6 [Spearman’s rho
HLA-A*02-negative subjects, but it did not discriminate (p) 0-3; P < 0-05, n = 55].

patients with HAM/TSP from AC (Table 1). SC did not In addition, we investigated whether in AC the PVL
respond to any of the Tax pools or to the Tax 11-19 pep- somehow influences the Tax-induced release of IFN-y by
tide. By contrast, the majority of the HTLV-1-infected PBMC. In a univariate analysis, AC with low PVLs showed
subjects, particularly the patients with HAM/TSP, showed a diminished specific response to pool 6 compared to AC
strong responses to several peptide pools. A univariate with high PVLs (P < 0-05) or to patients with HAM/TSP
analysis showed differences in the specific response to (P < 0-05) (Fig. 3a). As for pool 7, we could not find
pools 6 and 7 between patients with HAM/TSP and AC significant differences in the specific response.

(P < 0-05), between patients with HAM/TSP and SC
(P < 0-001), and between AC and SC (P < 0-001)

: +
(Fig. 2a,b). The discriminatory capacity of pools 6 and 7 Gene expression related to CD8" CTL response

held in HLA-A*02 subjects: significant differences in the As shown in Table 1, there were no differences at the
specific response to pools 6 and 7 were observed between mRNA level in the relative expression of perforin, gran-
patients with HAM/TSP and AC (P < 0-05), between zyme H and NKG2D between AC and patients with
(3)900 (b)
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Figure 2. Frequency of interferon-y (IFN-y)-producing cells in response to Tax pools 6 or 7. Data represent the frequency of IFN-y-producing
cells, as measured using enzyme-linked immunospot (ELISPOT) assays, in freshly isolated peripheral blood mononuclear cells (PBMC) cultured
for 6 hr and stimulated with Tax pools 6 or 7. (a) All subjects, pool 6; and (b) all subjects, pool 7. The Mann—Whitney U-test was used to evalu-
ate differences among groups [HTLV-1-seronegative controls (SC), asymptomatic HTLV-1 carriers (AC), and patients with human T-lympho-
tropic virus l-associated myelopathy/tropical spastic paraparesis (HAM/TSP)]. Only P-values indicating significant differences are shown.
Significance is indicated as follows: *P < 0-05, **P < 0-005, ***P < 0-001. SFC, spot-forming cells.
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Figure 3. Frequency of interferon-y (IFN-y)-producing cells in response to Tax pool 6, and the relative expression of granzyme H in asymptom-
atic HTLV-1 carriers (AC) according to their provirus load (PVL). Data represent (a) the frequency of IFN-y-producing cells, as measured using
enzyme-linked immunospot (ELISPOT) assays, in peripheral blood mononuclear cells (PBMC) cultured for 6 hr and stimulated with Tax pools
6; and (b) the relative granzyme H mRNA levels in CD8" T cells obtained by positive selection. The Mann-Whitney U-test was used to evaluate
differences among groups (AC with a low PVL, AC with a high PVL and patients with human T-lymphotropic virus 1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP)). Only P-values indicating significant differences are shown. Significance is indicated as follows:
*P < 0-05, **P < 0-005, ***P < 0-001. SFC, spot-forming cells.
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HAM/TSP. However, when we evaluated the relative than men, mean age 50 years, and predominantly of An-
expression of those genes in AC considering their PVL, dean ethnic background) are comparable with previous
granzyme H discriminated AC with a low PVL from those reports from our research group and from other research
with a high PVL (Mann-Whitney U-test: P < 0-05). groups.”'*?** The AC were similar to the patients with
Granzyme H expression did not distinguish AC with low HAM/TSP except for ethnic background, where there was
or high PVLs from patients with HAM/TSP (Fig. 3b). We a higher proportion of Andean people among HAM/TSP
did not observe differences in the relative expression of patients.

perforin or NKG2D among the three groups. Cells from patients with HAM/TSP showed a strong

response to pools 6 and 7, which discriminated HAM/
TSP from the asymptomatic condition, although the
P-values would not survive correction for multiple com-
As shown in Figure 1(b), the frequency of CD4" Foxp3™ parisons. We consider that the IFN-y production by
cells was significantly increased in PBMC from patients PBMC is mainly attributable to HTLV-1-specific CD8"
with HAM/TSP when compared with that from either AC T cells because: (i) Tax peptides are known as strong
(P < 0-005) or SC (P < 0-005). No differences were found inducers of IFN-y production by CD8" T cells, but not
between AC and SC. In addition, a positive correlation by CD4" T cells;”** and (ii) CD8" T-cell-depleted PBMC

CD4" Foxp3" cells, DC and PVL

between the frequency of CD4" Foxp3" cells and PVL treated with Tax peptides showed very low frequencies of
was observed in HTLV-l-infected subjects [Spearman’s IFN-y-producing cells compared with PBMC (see the
rho (p) 0-37, P < 0-01, n = 71] (Fig. 1c). When we com- Materials and methods).

pared the frequencies of mDC and pDC, we found a While the immunodominance of Tax for the CD8" T-
decrease of both types of DC in patients with HAM/TSP cell response has been extensively documented,”***
compared with SC (P < 0-005) (Fig. 4a,b). The frequency quantification of the lytic response, and particularly the
of pDC discriminated patients with HAM/TSP from AC inflammatory response, elicited by specific epitopes has
(P < 0:005). AC showed slightly lower frequencies of usually been limited to a few HLA class I backgrounds,
mDC and higher frequencies of pDC than SC, yet these mainly those associated with a lower risk of developing
differences did not reach statistical significance. Finally, HAM/TSP, such as HLA-A*02. A study made available a
there was a negative correlation between the frequency of detailed map of Tax epitopes in a diversity of HLA class I
pDC and the PVL [Spearman’s rho (p) —0-42, P < 0-05, backgrounds and revealed previously unidentified regions
n = 26] in HTLV-1-infected subjects. of the protein capable of inducing a CD8" T-cell

response.”® Because we did not restrict the evaluation of
the pro-inflammatory response to the presence of the

Discussion o . .
HLA-A*02 allele, it is not surprising that Tax peptides
In this study we investigated the pro-inflammatory other than Tax 11-19 stood out as important determi-
response of PBMC from a Peruvian population of nants of the production of IFN-y by CTL. Moreover,
patients with HAM/TSP and from AC by measuring the pools 6 and 7 induced stronger responses in patients with
frequency of cells producing IFN-y- in response to a bat- HAM/TSP than the Tax 11-19-containing pool 1, even in
tery of Tax peptides. The demographic characteristics of an HLA-A*02 background. Nevertheless, it has to be
the patients with HAM/TSP in this study (more women pointed out that we observed an attenuating effect in the
(@) (b)
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Figure 4. Frequency of myeloid dendritic cells (mDC) and plasmacytoid dendritic cells (pDC). Data represent (a) the percentage of mDC, or (b)
the percentage of pDC, in a Lin~ HLA-DR" population from freshly isolated peripheral blood mononuclear cells (PBMC). The Mann-Whitney
U-test was used to evaluate differences among groups [HTLV-1-seronegative controls (SC), asymptomatic HTLV-1 carriers (AC) and patients
with human T-lymphotropic virus 1 (HTLV-1)-associated myelopathy/tropical spastic paraparesis (HAM/TSP)]. Only P-values indicating signifi-
cant differences are shown. Significance is indicated as follows: *P < 0-05, **P < 0-005, ***P < 0-001.
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Tax 11-19-containing pool when comparing its strength
with that of Tax 11-19 alone. Tax 11-19 did discriminate
HLA-A*02-positive  subjects from HLA-A*02-negative
subjects, as expected (data not shown), but it could not
discriminate patients with HAM/TSP from AC (Table 1).
By contrast, pools 6 and 7 discriminated these two groups
in both the total population and in the HLA-A*02-posi-
tive subjects. Therefore, our results show that Tax 11-19
is not necessarily the most informative Tax epitope
when studying the activation of CD8" T cells as part of
a mechanism of HAM/TSP pathogenesis in an HLA class
I-diverse population.

In our peptide array, pools 6 and 7 spanned Tax amino
acids 161-233. This region encompasses several epitopes
reported to induce CTL activity.*® It has been demon-
strated that PBMC or CD8" T cells from patients with
HAM/TSP show higher frequencies of IFN-y-producing
cells and greater spontaneous release of this cytokine than
PBMC or CD8" T cells from AC after in vitro incuba-
tion,""™"? but few studies have addressed these aspects of
the CD8" T-cell function in a scenario of specific
responses to HTLV-1 antigens. While Goon et al.” found
a strong response of CD8" T cells to Tax with no dis-
crimination between patients with HAM/TSP and AC by
using a peptide library approach, another group reported
increased frequencies of IFN-y-producing CD8" T cells in
HLA-A*02-positive HAM/TSP subjects after stimulation
with Tax 11-19 tetramers.”> Whether the discrepancy in
our study, in which Tax 11-19 did not discriminate
HAM/TSP from AC, was caused by the different method-
ologies utilized and/or the number and origin of the
patients evaluated, is unclear at present. Yet, we consider
that our approach, based on a peptide array, has the
advantage of not limiting the analysis to a single HLA
background. The epitopes relevant to our findings are
currently being pinpointed by testing the PBMC response
to the individual peptides included in pools 6 and 7 of
our array.

Consistent with previous reports,”® the patients with
HAM/TSP in this study had a significantly higher PVL
than AC. Interestingly, when we divided the AC into two
subgroups according to the PVL and quantified the fre-
quency of IFEN-yp-producing cells in response to pool 6,
the subgroup of AC with a high PVL showed a higher
pro-inflammatory response than those AC with a low
PVL, and this response was not significantly different
from that of patients with HAM/TSP. It is noteworthy
that the same subgroup of AC with a high PVL showed
significantly lower levels of granzyme H mRNA in
unstimulated CD8" T cells than those with a low PVL,
suggesting a deficiency in lytic function. Granzyme H is
produced by natural killer (NK) cells, as well as by CTL,
as part of the mechanisms inducing lysis, and has been
previously shown to be over-expressed in HTLV-1-
infected subjects with a low PVL using microarray tech-
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nology." A reduction of CD8" T-cell lytic activity has
also been described in patients with ATLL,* although in
that case perforin and granzyme B, rather than granzyme
H, were found to be under-expressed. While it is possible
that the mechanisms of immunosuppression differ
between HAM/TSP and ATLL, the study on ATLL evalu-
ated expression at the protein level and not at the mRNA
level.

Taken together, our data are consistent with a model in
which specific CD8" T-cell activation in HTLV-1 carriers
with a high PVL, who — according to limited evidence
from longitudinal studies — might be at increased risk
of developing HAM/TSP,”"** is biased towards the
production of pro-inflammatory cytokines with the loss
of lytic capacity. Such a model would explain the appar-
ent paradox that, in spite of having a high frequency of
HTLV-1-specific CTL, patients with HAM/TSP usually
have a higher PVL.*»*® Within this line, a study has
recently shown that patients with HAM/TSP have a lower
frequency, than AC, of CD8" T cells expressing co-stimu-
latory molecules, as well as an impaired reactivity of
HTLV-1-specific CTL towards an HLA-A*02/Tax 11-19
tetramer.’

The CD8" T-cell response to a specific antigen is
shaped through a complex mechanism that includes anti-
gen presentation and T-cell activation by APC, as well as
immunomodulation by regulatory T cells. In the present
study we found an increased frequency of CD4" Foxp3*
cells in HTLV-1-infected individuals, as reported previ-
ously,'”” but, in contrast to these results, HAM/TSP
patients in the present study had significantly higher fre-
quencies than AC. Because a clear definition of regulatory
T cells based on markers is still lacking, conflicting data
have arisen in recent years, particularly in the HTLV-1
field. Human regulatory T cells have usually been charac-
terized as CD4" CD25*. However, CD25 expression is
strongly induced by Tax protein,"” and therefore measur-
ing the frequency of Foxp3" cells in the CD4" CD25"*
population, as reported in other studies,”** is likely to
underestimate the frequency of regulatory T cells in
HTLV-1-infected subjects. Moreover, Foxp3 is also
expressed in T-cell populations other than regulatory T
cells.”® In spite of a recent effort to overcome these limi-
tations by using various combinations of markers,”® an
unambiguous identification of regulatory T cells is still
not possible based on markers alone. So far, the function
of the CD4" Foxp3" cells identified in this study has not
been tested in the context of HTLV-1 infection, and it is
therefore unclear whether they are directly involved in
altering CTL activity by impairing the lytic response, as
suggested previously,'”” and/or by failing to suppress the
antigen-specific pro-inflammatory response, as observed
in our population.

The increase in CD4" Foxp3®™ «cell frequency in
patients with HAM/TSP is particularly interesting when
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considered along with the accompanying sharp decrease
in the frequency of mature pDC, which is the DC subset
that is preferentially involved in the control of viral
infections. Fully mature DC are needed for appropriate
antigen presentation and induction of an effective adap-
tive immune response.”” By contrast, immature/semima-
ture DC might compromise the proper activation of
specific CD4" and CD8" T cells, and have been reported
to favour the generation and expansion of T cells with
regulatory phenotypes.”® From this perspective, the high
frequency of HLA-DRM&"expressing pDC among AC in
our study population suggests that, in these subjects, the
adaptive immune response is properly induced, includ-
ing an appropriate balance between CTL pro-inflamma-
tory and lytic responses. Patients with HAM/TSP,
however, with low frequencies of pDC, would have sub-
optimal antigen presentation, a skewed CTL activity (as
observed in our population) and a tendency to generate
cells with a regulatory-like phenotype. Consistent with
this interpretation, we found a negative correlation
between the frequency of mature pDC and the PVL.
HTLV-1 can infect DC,” and these cells can serve as
vehicles for virus transmission to T cells.'* An altered
synapse between these two cell types might affect T-cell
activation. Impairment of maturation and interference
with DC functions is a common strategy utilized by a
diversity of viruses to evade the host defence
responses.”’ Interestingly, a previous study has demon-
strated that the production of IFN-¢ by pDC from
HTLV-1-infected individuals is reduced.*

In conclusion, our investigation represents the first
study to provide evidence that an exacerbated pro-inflam-
matory response to a specific region (amino acids 161—
233) of the Tax protein is associated with HAM/TSP
pathogenesis in an HLA class I-diverse Peruvian popula-
tion. Epitopes that are currently under investigation seem
more informative than Tax 11-19 with regard to the
mechanisms of disease. We also provide evidence of
increased frequencies of CD4" Foxp3™ cells accompanied
by decreased frequencies of HLA-DRE" pDC in patients
with HAM/TSP.
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