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Levels of serum chemokines discriminate clinical myelopathy
associated with human T lymphotropic virus type 1 (HTLV-1)/tropical
spastic paraparesis (HAM/TSP) disease from HTLV-1 carrier state
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Introduction

Summary

Approximately 5% of people infected with human T lymphotropic virus type
1 (HTLV-1) develop clinical myelopathy or tropical spastic paraparesis
(HAM/TSP) that is associated with high-levels of Thl cytokines, interferon
(IFN)-y and tumour necrosis factor (TNF)-o.. Chemokines are known to
induce cytokine secretion and direct the trafficking of immune cells to sites of
disease. The present study measured serum chemokines correlated with
autonomously released IFN-y in cell cultures. HTLV-1 infection was defined
by enzyme-linked immunosorbent assay (ELISA) and confirmed by Western
blot. Subjects included HTLV-1 carriers (n=>56), patients with HAM/TSP
(n=31) and healthy HTLV-1 seronegative volunteer controls (n =20). Serum
chemokines and IFN-Y autonomously released by mononuclear cells in cul-
ture were quantified by ELISA. Compared to HTLV-1 carriers, serum chemok-
ines in HAM/TSP patients showed significantly increased levels of CXCL9 and
CXCL10, significantly diminished levels of CCL2 and similar amounts of
CCL11 and CCL24. In contrast, CCL11 and CCL24 were significantly lower in
serum of HAM/TSP patients than either control. IFN-Y was positively corre-
lated with CXCL9 and CXCL10 when HAM/TSP and HTLV-1 carriers were
used as a combined group. However, despite a large proportion of HTLV-1
carriers having high IFN-y levels, these chemokines were not increased in
carriers. This study showed that high levels of CXCL9 and CXCL10 in the
systemic circulation and low serum CCL2 levels are features of HAM/TSP.
HTLV-1 infection and Tax and/or additional viral encoded factor-mediated
pathological processes triggering T cell activation with autogenous IFN-y
release are probably involved in regulating chemokine release.
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inflammation of HAM/TSP is associated with an increased
number of HTLV-1-specific CD4" T cells and CD8" T cells in

The human T cell lymphotropic virus (HTLV-1) infects pre-
dominantly T cells, leading to spontaneous T cell prolifera-
tion and production of cytokines [1]. The majority of HTLV-
1 infected individuals are considered carriers, while only a
small percentage (< 5%) of those infected develop severe dis-
ease, such as myelopathy associated with HTLV-1/tropical
spastic paraparesis (HAM/TSP) or adult T cell leukaemia/
lymphoma (ATLL) [2,3]. HAM/TSP is an inflammatory dis-
ease associated with circulating activated CD4" T cells, CD8"
T cells, and high production of inflammatory cytokines,
including tumour necrosis factor (TNF)-o, interferon
(IFN)-y and interleukin (IL)-2 [4,5]. The pathogenic

cerebral spinal fluid (CSF), due to migration across the
blood-brain barrier (BBB) or expansion within the CSF
compartment [4,6]. However, the pathogenesis of HAM/TSP
is incompletely understood [7]. HTLV-1 infects predomi-
nantly T cells, transactivating genes involved with the secre-
tion of several cytokines [8]. Mononuclear cells from HTLV-
1-infected subjects produce high amounts of IFN-y and
TNF-o. Although IFN-y and TNF-o. are significantly higher
in HAM/TSP than HTLV-1 carriers in supernatants of blood
lymphocyte cultures, a large proportion of HTLV-1 carriers
produce similar amounts of [FN-y compared to patients who
have HAM/TSP [5].
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Chemokines are low molecular weight cytokines with var-
ious roles, principally in migration and tissue localization of
various lymphocyte subpopulations [9]. Cell lines infected
with HTLV-1 express chemokines such as CCL2, CCL3,
CCL4, CCL5, CXCL8 and CXCL10 [10]. Moreover, it is also
known that production of cytokines may modulate (up- or
down-regulation) chemokine synthesis [11]. Recently, sev-
eral studies have detected chemokines in CSF of patients
with autoimmune and infectious diseases and have suggested
a potential pathophysiological role for these chemoattractant
molecules [12,13,14]. Chemokines could induce not only
secretion of other mediators of the inflammatory process,
but could also directly attract activated T cells to the central
nervous system (CNS) [15,16]. Increased chemokine levels
in serum and CSF have been described in experimental
autoimmune encephalitis (EAE), multiple sclerosis (MS)
[14,17] and Sydenham’s chorea [18], and there have been
two reports of elevated CSF chemokines in patients with
HAM/TSP [18,19]. In the present study, the serum levels of
CCL2, CCL3, CCL11, CCL24, CXCL8, CXCL9 and CXCL10
and autogenous IFN-y production by peripheral blood
mononuclear cells (PBMCs) were evaluated in healthy vol-
unteers, HTLV-1 carriers and in patients with HAM/TSP.

Materials and methods

Participants of the present study included 56 HTLV-1 carri-
ers and 31 patients with HAM/TSP, all from the HTLV-1
multi-disciplinary clinic of the Hospital Universitario Prof
Edgard Santos. Twenty healthy people without HTLV-1
infection were used as controls. A clinical history was taken
and a physical examination performed in all patients. The
diagnosis of HTLV-1 infection was made by antibody detec-
tion by enzyme-linked immunosorbent assay (ELISA) and
confirmed by Western blot (Genelabs HTLV 2-3-2-4, Sin-
gapore). Patients admitted to the clinic are evaluated twice a
year by a neurologist and divided into three groups accord-
ing to Osame’s motor disability score (OMDS) and
expanded disability status scale (EDSS): HAM/TSP patients,
HTLV-1 carriers without neurological symptoms and HTLV-
1 carriers with mild neurological or urological symptoms
(‘oligosymptomatic’ patients) who did not fulfil the WHO
criteria for HAM/TSP [20,21]. We evaluated HTLV-1 carri-
ers without neurological symptoms (referred to hereafter as
HTLV-1 carriers). Informed consent was obtained for all
participants and human experimentation guidelines of the
Hospital Universitario Prof Edgard Santos were followed in
the conduction of this clinical research. All patients had neg-
ative stool exams for helminths.

The age of the 31 patients with HAM/TSP ranged from 17
to 80 years (mean 53 £ 13) and 65% were women. The age of
the 56 HTLV-I carriers ranged from 22 to 64 years (mean
45+ 10) and 55% were women. The age of the 20 healthy
controls ranged from 22 to 50 years (mean 34 +9) and 70%
were women.

Chemokines in HTLV-1 infected patients

Serum processing for chemokines analysis

Blood was collected aseptically in lipopolysaccharide-free sil-
iconized tubes and serum prepared and stored at —70° until
required. For analysis samples were thawed and excess pro-
teins were removed by acid/salt precipitation. Briefly, equal
volumes of serum and 1-2% trifluoracetic acid/1-35 M NaCl
were mixed and left at room temperature for 10 min. After
the samples were centrifuged for 5 min at 3000 g, the super-
natants were then adjusted for salt content (0-14 M sodium
chloride and 0-01 M sodium phosphate) and pH 7-4 for
determination of chemokine concentrations [22].

Mononuclear cell separation and determination of IFN-y

PBMCs were obtained by density gradient centrifugation
using lymphocyte separation media (LSM; Organon Tecnika
Corporation, Duham, NC, USA). After washing in saline, the
cells were adjusted to 3x10%ml in RPMI-1640 (Gisco,
Grand Island, NY, USA) containing 100 U penicillin G and
10 w/ml of streptomycin and supplemented with 10% AB
serum. All cultures were incubated without stimulus at 37°C
in 5% CO, for 72 h. Supernatants were collected and stored
at —20°C.

Chemokine and IFN-Y measurements

Chemokines were measured by sandwich ELISA with
matched antibody pairs for CXCL8, CXCL9 and CXCL10
(PharMingen, San Diego, CA, USA) and for CCL2, CCL3,
CCL11 and CCL24 (R&D Systems, Minneapolis, MN, USA).
All samples were assayed in duplicate and on the same plate.
The detection limits for these assays were 5 pg/ml for CCL2
and CCL3 and 20 pg/ml for CCL11, CCL24, CXCL8, CXCL9
and CXCL10. IFN-y was measured by commercial ELISA
following the manufacturers’ instructions (PharMingen).

Statistical analysis

Chemokines in the controls and in the two patient groups
were analysed by the Mann—Whitney U-test. Correlation
between IFN-y and cytokine levels CXCL9, CXCL10 and
CCL2 was performed with Spearman’s rank correlation test.

Results

Th2-associated chemokines, CCL11 and CCL24

Ligands of the chemokine CCR3 receptor were evaluated.
Serum levels of CCL11 were significantly lower in HTLV-I
carriers (median 106 pg/ml ranging from 0-84) than in
healthy controls (median 272 pg/ml, range 0-567 pg/ml),
P=0-03, Mann—Whitney U-test (Fig.la). A strong trend
towards lower serum levels of CCL11 was observed between
patients with HAM/TSP (median 118 pg/ml, range 0-
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Fig. 1. Serum levels of type 2 chemokines, CXCL11 (a) and CXCL24
(b) are shown for healthy volunteers (# =20) in human T cell lympho-
tropic virus (HTLV-1) carriers (n =56) and in patients with HTLV-1/
tropical spastic paraparesis (HAM/TSP) (1 = 31). Mann—-Whitney U-
test was used for statistical analysis.

572 pg/ml) and healthy controls (P = 0-05). Serum levels of
CCL24 were significantly lower in HAM/TSP patients
(median 1095 pg/ml range 0-6857) when compared to
serum levels to healthy controls (1951 pg/ml range 769-
7267), P=0-009, Mann—Whitney U-test (Fig.1b). Serum
levels of CCL24 were not significantly different between
healthy controls and HTLV-1 carriers (1527 pg/ml range 0—
8753), P=0-12.

CCL2, CCL3 and CXCLS8

Serum levels of CCL2 were lower in HAM/TSP patients
(median 67 pg/ml range 0-169) than HTLV-1 carriers
(118 pg/ml ranging 0-348) or healthy controls (123 pg/ml
range 56-375), P<0-0001 and P =0-0004, respectively. No
significant differences were found in serum levels of CCL2
between healthy controls and HTLV-1 carriers (Fig. 2). No

correlation was found between IFN-y and CCL2 in patients
with HAM/TSP. Levels of CCL3 and CXCL8 detected were
similar in all groups studied. CCL3 levels in HAM/TSP,
HTLV-1 carriers and controls ranged from 0 to 1158 pg/ml,
0-2364 pg/ml and 0-492 pg/ml, respectively (data not
shown). The median for all groups was 0. CXCL8 levels in
HAM/TSP patients, HTLV-1 carriers and controls ranged
from 0 to 4993 pg/ml, 0-2422 pg/ml and 0-793 pg/ml,
respectively. The median for all groups was 0 (data not
shown).

Th1-associated CXCL9 and CXCL10

The serum levels of CXCL9 were significantly higher in
HAM/TSP patients (P < 0-0001) than in HTLV-I carriers and
healthy controls. The median serum levels of CXCL9 for
HAM/TSP patients and HTLV-1 carriers were 6605 pg/ml
(range 1556—66 052) and 2660 pg/ml (range 6-31220),
respectively (Fig. 3a). In contrast, levels of CXCL9 were sim-
ilar between HTLV-1 carriers and controls. CXCL9 values
were variable and approximately 40% of HTLV-1 carriers
had levels of CXCL9 that were similar to those observed in
patients with HAM/TSP. High levels of CXCL9 were also
observed in a few healthy controls.

The serum levels of CXCL10 were significantly higher
(P <0:0001) in HAM/TSP patients than in HTLV-1 carriers
and healthy controls (Fig. 3b). The median serum levels of
CXCL10 in HAM/TSP patients versus HTLV-1 carriers and
controls were 2777 pg/ml (range 339-14 881), pg/ml versus
719 pg/ml (range 371-3640) and 608 pg/ml (range 320—
3576), respectively. The CXCL10 level was significantly asso-
ciated with HAM/TSP and 93% of HTLV-1 carriers had
CXCLI10 levels lower than the median observed in the
patients with HAM/TSP. Serum levels of CXCL9 and
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Fig. 2. Serum levels of CCL2 in patients with different clinical forms of
human T cell lymphotropic virus (HTLV-1) infection [carrier, n = 56
and HTLV-1/tropical spastic paraparesis (HAM/TSP), n = 31] and in
healthy subjects (1 = 20). Mann—Whitney U-test was used for statistical

analysis.
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Fig. 3. Serum levels of CXCL9 (a) and CXCL10 (b) are shown for
healthy volunteers (1 =20), in human T cell lymphotropic virus
(HTLV-1) carriers (n = 56) and in patients with HTLV-1/tropical
spastic paraparesis (HAM/TSP) (n = 31). Mann—Whitney U-test was
used for statistical analysis.

CXCL10 were similar in healthy controls and HTLV-1
carriers.

Correlation between IFN-yY and chemokines

IFN-y is produced spontaneously by PBMCs from HAM/
TSP patients and HTLV-1 carriers [1]. An association
between levels of IFN-v released in vitro and some chemok-
ines, e.g. CXCL9 and CXCL10, have been reported [23]. We
therefore measured amounts of IFN-y produced by unstim-
ulated PBMC cultured in vitro from HTLV-1 carriers and
HAM/TSP patients. In this study, the median IFN-y levels in
HTLV-1 carriers and HAM/TSP patients were, respectively,
567 pg/ml (range 0-6895) and 2515 pg/ml (range 58-
10 750). Despite higher IFN-y levels in HAM/TSP compared
with HTLV-1 carriers, a large percentage (~42%) of HTLV-1
carriers produced IFN-y as high as patients with HAM/TSP.

Chemokines in HTLV-1 infected patients

This result was similar to previous findings, that ~50% of
HTLV-1 carriers had IFN-y levels that were as high as
patients with HAM/TSP [1,5]. When HAM/TSP and HTLV-
1 carriers were analysed as a combined group, levels of IFN-
y directly correlated with CXCL9 and CXCL10 (Table 1),
Spearman’s rank correlation test. However, when HTLV-1
infection was segregated into HAM/TSP or HTLV-1 carriers,
the correlation between IFN-yand CXCL9 was lost and there
was a tendency for a direct correlation between IFN-y and
CXCL10 in HAM/TSP. Moreover, although a large propor-
tion of HTLV-1 carriers had IFN-y levels similar to that
observed in HAM/TSP and higher (P <0-0001) than that
observed in controls, the chemokines CXCL9 and CXCL10
were not increased in serum of HTLV-1 carriers.

Discussion

Chemokines perform several immunological functions, of
which gradient directed cell recruitment was the first defined
action. Chemokines have also been noted to influence CD4
ThO T cell polarization to type 1 or type 2 cells and to retain
cells in the inflamed tissue [15,24]. HTLV-1 infection is
associated with an enhanced autonomous type 1 immune
response [25] and the disease, HAM/TSP, is thought to be
mediated by local host immunity triggered by HTLV-1 [7].
This study showed that high levels of CXCL9 and CXCL10
and low levels of CCL2 were features of patients with HAM/
TSP.

HTLV-1 infection is characterized by activation of Thl
cells, and specific sets of chemokines have selective activity
towards type 1 or type 2 T cells. CXCL9 and CXCL10 are
chemokines known to recruit and support Th1 cells and are
increased in MS, a disease with an enhanced Thl immune
response [11,26]. In contrast, high levels of CCLI1 and
CCL24 are elevated in patients with helminth infections, dis-
eases associated with a type 2 of the immune response [22].
Our finding of diminished levels of CCL11 and CCL24
in HAM/TSP patients is compatible with the hypothesis
that the polarization to a type 1 immune response may
down-modulate type 2 T cell activity, represented here by
CCL11 and CCL24. Our previous finding, that in patients

Table 1. Correlation between interferon (IFN)-vy and chemokine levels
CXCL9 and CXCLI10 in the whole group of individuals infected with
human T cell lymphotropic virus (HTLV-1) in patients with HTLV-1/
tropical spastic paraparesis (HAM/TSP) and in HTLV-1 carriers.

Groups Variables R P-value*
HTLV-1 infected individuals ~ IFN-yx CXCL9 0-27 0-009
n=_86 IFN-yx CXCL10 0-33 0-001
Patients with HAM/TSP IEN-yx CXCL9 0-27 0-14
n=31 IEN-yx CXCL10 0-34 0-06
HTLV-1 carriers IEN-yx CXCL9 0-05 0-68
n=>55 IEN-yx CXCL10 0-08 0-52

*Spearman’s rank correlation test.
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co-infected with HTLV-1 and Strongyloides stercoralis or
Schistosoma mansoni there is decreased IL-4 and IL-5 pro-
duction in response to parasite antigens [27-29], supports
this hypothesis.

Many types of cells produce chemokines and their levels
are variable, even in healthy subjects. In this study, CCL3 and
CXCLS8 were detected in only a few individuals of the three
groups studied. CCL-2 was higher in healthy subjects and in
HTLV-1 carriers than in patients with HAM/TSP. The role of
CCL2 in central nervous inflammatory disease differs in
experimental models and humans. While CCL2-deficient
mice are resistant to EAE [30], the CSF of patients with active
MS has a decreased amount of CCL2 [31]. It is likely that
decreased CSF CCL2 in MS and the decreased serum levels of
CCL2 observed in patients with HAM/TSP in this study
reflects a polarization of the immune response toward a type
1 cytokine profile, as CCL2 is probably associated with type
2 responses [24].

The most striking finding of the present study was
increased levels of CXCL9 and CXCL10 in patients with
HAM/TSP compared to HTLV-1 carriers. IFN-y was posi-
tively correlated with CXCL9 and CXCL10 when HAM/TSP
patients and HTLV-1 carriers were used as a combined
group. However, when HAM/TSP patients and HTLV-1 car-
riers were analysed alone the correlation with CXCL9 and
CXCL10 was lost. It is likely that, in addition of the role of
IFN-v in inducing chemokine secretion, shared but not nec-
essarily synonymous viral-mediated processes are involved
in up-regulating CXCL9, CXCL10 and IFN-y.

Our finding of high serum levels of CXCL9 and CXCL10
raises the question of where these chemokines are produced
and by what cell type. We speculate that in HAM/TSP
patients one compartment may be the CNS, in which
recruited immune cells and resident cells participate in the
production of these chemokines. Several lines of data sup-
port this speculation. HAM/TSP is characterized by T cell
infiltration and lesion of the spinal cord [7]. It is known that
activated T cells can penetrate an intact BBB and enter the
CNS perivascular or subarachnoid space to initiate and per-
petuate the inflammatory process in the presence of antigen
that maintains T cell stimulation [32,33]. Migration of
inflammatory cells within the CNS parenchyma may be
directed by a chemotactic gradient created by chemokines
that diffuse from sites of production at foci of inflammation
[30,34,35]. Resident glial cells, including astrocytes, express
chemokines in great abundance in both autoimmune and
anti-viral inflammatory response [13,36] and high levels of
CXCL10 have been documented in immunologically medi-
ated diseases of the CNS such as MS [17] and in EAE [14].
Recently, two studies reported increased CXCL10 levels in
the CSF of a small number of patients with HAM/TSP
[18,19]. Increased concentrations of CXCLI0 in MS are
observed during flares of disease activity but not in periods
of disease remission [37]. In addition to HAM/TSP, HTLV-1-
infected patients have also other associated diseases, and

other sites may also participate in the release of CXCL9 and
CXCL10 into the systemic circulation. We also cannot
exclude the possibility that circulating immune cells produce
CXCL9 and CXCL10 because we did not perform their mea-
surements in in vitro cultured PBMCs. On the other hand, as
chemokines function by attracting cells in response to a
chemotactic gradient, it is unlikely that a systemic produc-
tion of these mediators makes more biological sense.

Proviral load has a clear correlation with HTLV-1 disease
state. The proviral load of these patients was not assessed. We
therefore cannot exclude the possibility that these differences
in chemokine levels were not due, in part, to the expected
difference in proviral load between HTLV-1 carriers and
HAM/TSP patients.

This study shows that chemokine levels differ in healthy
controls, HTLV-1 carriers and HAM/TSP. In contrast to low
CCL2 levels in HAM/TSP patients, serum levels of CXCL9
and CXCL10 were significantly higher in HAM/TSP patients
than healthy volunteers and HTLV-1 carriers. As IEN-y levels
alone could not justify the increase in chemokines in HAM/
TSP, this suggests that, in addition to the predominant type
1 response, a distinct HTLV-1-mediated process may be
involved. Furthermore, elevated levels of CXCL9 and
CXCLI10 and lowered levels of CCL2 probably modulate
selective leucocyte recruitment to initiate local pathology
seen in HAM/TSP.
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