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a  b  s  t  r  a  c  t

HTLV-1  is the causal  agent  of Adult  T  cell  Leukemia/lymphoma  (ATLL)  and
HTLV-1-associated  Myelopathy/Tropical  Spastic  Paraparesis  (HAM/TSP).  The  immune  response  to
HTLV-1-infection  is  polarized  to the  Th1-type,  and  the  presence  of  CXCL9/CXCL10  chemokines  may
lead  to  an  increase  in  the  recruitment  of  pro-inflammatory  molecules  in  spinal  cord  tissue,  contribut-
ing  to  the  damage  observed  in  the development  of  HAM/TSP.  It  has  been  observed  that  in  chronic
helminth-infections,  such  as  schistosomiasis,  there  is a deviation  toward  the  Th2/regulatory  immune
response.
Objective:  To  evaluate  the  ability  of  Schistosoma  spp.  proteins  to  decrease  the  in  vitro  CXCL9  and  CXCL10
production  by PBMC  of  HTLV-1-infected  individuals.
Methods: The  Schistosoma  proteins  rSm29,  rSh-TSP-2  and  PIII  were  added  to PBMC  cultures  of  HTLV-1-
infected  individuals  and  the  levels  of chemokines  in  the  supernatants  were  measured  using a  sandwich
ELISA  method.
Results:  The  addition  of  rSm29  to the  cultures  resulted  in decreased  production  of  CXCL9  in  all  the  ana-
lyzed  individuals  and  HAM/TSP  group  (18167  ±  9727  pg/mL,  p =  0.044;  20237  ± 6023  pg/mL,  p =  0.028,
respectively)  compared  to the  levels  in  unstimulated  cultures  (19745  ±  9729  pg/mL;  25078  ± 2392  pg/mL,
respectively).  The  addition  of rSh-TSP-2  decreased  the production  of CXCL9  in  all studied  individuals  and

carriers group  (16136  ±  9233  pg/mL,  p = 0.031; 13977  ± 8857  pg/mL,  p =  0.026)  vs unstimulated  cultures
(19745  ±  9729  pg/mL;  18121  ±  10508  pg/mL,  respectively).  Addition  of PIII  did  not  alter  the  results.  There
was  no  significant  change  in  the levels  of CXCL10  by the addition  of the  studied  proteins.
Conclusion:  The  Schistosoma  proteins  used  in  this  study  were  able  to down  modulate  the production  of
CXCL9,  a  chemokine  associated  with  the  inflammatory  process  in  HTLV-1-infection.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction
The human T cell lymphotropic virus type 1 (HTLV-1) is a retro-
irus discovered in the late 1970s (Van Dooren et al., 2001). It is the
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or  Edgard Santos, Universidade Federal da Bahia, 5◦ andar, Rua João das Botas SN,
anela, 40110-16, Salvador, Bahia, Brazil.

E-mail address: llmmll10@gmail.com (L.M. Lima).
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001-706X/© 2016 Elsevier B.V. All rights reserved.
causal agent of adult T cell leukemia/lymphoma (ATLL) and HTLV-
1-associated myelopathy/Tropical Spastic Paraparesis (HAM/TSP)
(Osame et al., 1986). Other manifestations associated with HTLV-
1 infection include Sjõgren Syndrome (Eguchi et al., 1992), uveitis
(Mochizuki et al., 1992), polymyositis and artropathy (Morgan et al.,
1989), erectile dysfunction (Castro et al., 2005), urologic manifes-

tations (Castro et al., 2007) and neurological changes that do not
meet the diagnostic criteria of HAM/TSP (Zunt et al., 1999). In indi-
viduals infected with HTLV-I but considered asymptomatic, a high
prevalence of paraparesis, urinary symptoms, arthralgia, erectile

dx.doi.org/10.1016/j.actatropica.2016.12.030
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ysfunction, gingivitis and periodontitis are identified when com-
ared with seronegative individuals (Caskey et al., 2007).

HAM/TSP is clinically characterized by the insidious onset of
pastic paraparesis that is progressive and can eventually lead to
heelchair dependency (Van Dooren et al., 2001; Araújo Ade et al.,

993). About 30% of patients with HAM/TSP become paraplegic and
onfined to bed about ten years after the onset of illness (Carneiro-
roietti et al., 2002). Patients with HAM/TSP have a higher proviral
oad and higher production of pro-inflammatory cytokines com-
ared to HTLV-1 carriers (Yoshida, 2001; Santos et al., 2004). While
TLV-1 virus induces a Th1-polarized immune response, in chronic
chistosoma mansoni infection the immune response is polarized to
he Th2/regulatory type (Pearce and MacDonald, 2002). In a previ-
us study we showed that individuals with HAM/TSP had a lower
requency of infection with helminths (S. stercoralis and/or S. man-
oni) when compared to asymptomatic individuals (Porto et al.,
005). These data may  suggest that helminth infections can protect
TLV-1 carrier individuals against HAM/TSP development.

In experimental models, it has been shown that infection with S.
ansoni or injection of their soluble products prevents Th1 inflam-
atory diseases, such as type I diabetes, psoriasis and colitis (Cooke

t al., 1999; Atochina, 2006). Our group has shown that the Schis-
osoma spp. surface proteins rSm29, rSh-TSP2 and PIII, are able
o down-modulate the in vitro production of the inflammatory
ytokine IFN-� in HTLV-1-infected individuals. The decrease in IFN-

 production in this study was coincidental with an increase in
evels of the regulatory cytokine IL-10 (Lima et al., 2013).

In addition to the pro-inflammatory cytokines, the chemokines,
mall proteins involved in normal traffic of leukocytes and recruit-
ent of leukocytes to sites of injury, have been recognized for

ontributing to the inflammatory response observed in HAM/TSP
Narikawa et al., 2005; Montanheiro et al., 2007). Studies conducted
y our group showed that the Chemokine C-X-C motif ligand 9
CXCL-9) and Chemokine C-X-C motif ligand 10 (CXCL-10), recog-
ized as important in the recruitment of Th1 cells, were increased

n the serum of patients with HAM/TSP compared to asymptomatic
TLV-I infected individuals or healthy controls. This suggests that

he presence of these molecules may  lead to an increase in the
ecruitment of pro-inflammatory molecules to spinal cord tis-
ue, contributing to the damage observed in the development of
AM/TSP (Guerreiro et al., 2006; Shevach, 2002). Our hypothesis

n this study was that Schistosoma proteins induce IL-10 produc-
ion, which in turn decreases the production of CXCL9 and CXCL10
y PBMC of HTLV-1-infected individuals.

. Methodology

.1. Study population

A total of 30 HTLV-1-infected subjects of different clinical forms
f HTLV-1-infection from the Multidisciplinary HTLV-1 Clinic of
he Immunology Service, Federal University of the Bahia, Salvador-
ahia-Brazil were enrolled in this study. The infected individuals
s well as the healthy subjects (control group; n = 8) were of both
enders and aged between 18–60 years old. They were negative
o helminth infections, by parasitological assays using Hoffman
edimentation method and we excluded the of S. mansoni pre-
ious exposure, by measuring the levels of serum-specific IgE to
. mansoni soluble adult worm antigen (SWAP; Table 1), using
LISA method (Souza-Atta et al., 1999). Because of the poten-

ial to interfere with the immune response, we did not include
atients who use immunosuppressive drugs, individuals infected
ith HIV1/HIV2 or with hepatitis B and C. For the same reason,
regnant women were not included in the study.
 167 (2017) 157–162

The study was approved by the Ethics Committee of the Mater-
nidade Climério de Oliveira/Federal University of Bahia, and an
informed written consent was  obtained from all study participants.

2.2. Laboratory evaluation

Anti-HTLV-1 antibody titers were measured using enzyme-
linked immunosorbent assay (ELISA) technique (Cambridge
Biotech Corp, Worcester, MA,  USA). Positive sample results were
confirmed using Western blot (HTLV Blot 2.4, Genelabs, Science
Park Drive, Singapore).

2.3. Schistosoma spp. antigens

The antigens used in this study included a S. mansoni recombi-
nant protein Sm29, a membrane-bound glycoprotein located on the
tegument of the adult worm and lung stage schistosomula (Cardoso
et al., 2006); rSh-TSP-2, a recombinant protein (tetraspanin) from
the S. haematobium tegument (Tran et al., 2006); and PIII, which is a
fraction of S. mansoni soluble adult worm antigen (SWAP) obtained
by anion exchange chromatography (Hirsch and Goes, 1996).

The Sm29 and ShTSP-2 recombinant proteins were produced in
Escherichia coli and levels of lipopolysaccharide (LPS) contamina-
tion tested by a commercially available chromogenic LAL end-point
assay kit (Cambrex, Charles City, IA, USA), were below 0.25 ng/mL.
In order to neutralize potential effects of LPS found in low levels
in the recombinant antigens, Polymyxin B was added to cell cul-
tures every 12 h according to an established protocol (Cardoso et al.,
2007).

2.4. PBMC cultures and cytokine/chemokine determination

All patients donated blood for peripheral blood mononuclear
cell (PBMC) isolation. PBMCs were obtained by density-gradient
centrifugation using lymphocyte separation media (LSM; Organon
Teknika, BioMerieux, inc), and PBMCs (3 × 106 cells/mL) were cul-
tured with RPMI 1640 (Gibco, Grand Island, NY, USA) plus 10% heat
inactivated human AB Rh+ serum (Sigma Chemical Co., St. Louis,
MO), antibiotics and glutamine. The cultures were performed in
the presence or absence of rSm29 (5 �g/mL), rShTSP-2 (5 �g/mL)
and PIII (10 �g/mL) and were incubated at 37 ◦C in 5% CO2 atmo-
sphere in 24 well plates for 72 h. Supernatants were collected for
cytokine and chemokine measurements.

Levels of CXCL9, CXCL10 and IL-10 were measured in the
supernatants by sandwich ELISA using commercially available
kits (OptEIA; BD Bioscience, San Jose,CA,USA). The results were
expressed as picograms per milliliter (pg/mL), on the basis of a
standard curve.

2.5. Statistical analysis

A nonparametric Wilcoxon Signed-Rank Test for matched pairs
was used to analyze the effect of the addition of Schistosoma pro-
teins on the production of CXCL9 and CXCL10. The Fisher exact test
was used to compare proportions. The Spearman r test was used
to analyze correlations. An alpha (�) error of 5% (p < 0.05) was con-
sidered as statistically significant. SPSS 9.0 software (IBM software,
New York, USA) was  used for statistical analysis. Statistical analy-
sis and graphical representation were performed using Graphpad
PRISM 5.0 software (La jolla, CA, USA).

3. Results
The demographic features of the studied population are shown
in Table 1. The median age (minimum–maximum) of the studied
subjects and healthy controls were 50 (23–60) and 28 (24–31) years
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Table  1
Demographic characteristics of individuals enrolled in the study.

HTLV-1+ Individuals Carriers n = 23
(77%)

HAM/TSP n = 7
(23%)

Total n = 30
(100%)

Healthy
Controls n = 8

p value*

Age years; median (min–max) 49
(23–60)

51
(46–53)

50
(23–60)

28
(24–31)

>0.05

Gender (% of male) M:F  22
5:18

57
4:3

30
9:21

6
6:8

<0.05

Viral charge (Copies/106 cels; mean ± Median) 103148,8 ± 39166,67 227801 ± 157729 138105,4 ± 42838, – >0.05
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SWAP-specific IgE (mean ± SD) 0.16 ± 0.06 

* Carriers vs HAM/TSP; Cutoff IgE: 0.36.

ld, respectively. There was no significant difference in the age
etween the group of carriers (median = 49; 23–60 year old) and
hose with HAM/TSP (median = 51; 43–53 years old; p > 0.05). In the
roup of patients with HAM/TSP and in control group there was  a
igher prevalence of males (57% and 75%, respectively) compared
o the carriers (22%; p < 0.05; Table 1).

The levels of CXCL9 and CXCL10 in the supernatants of PBMC
ultures in HTLV-1 infected individuals is show in Fig. 1 and
ig. 2. The mean level of CXCL9 in unstimulated cultures in
TLV-1-infected individuals was 19745 ± 9729 pg/mL and in the
ontrol individuals was 10350 ± 3793 (Fig. 1A and D). A slightly
eduction in the production of CXCL9 was observed in the super-
atant of PBMC cultures when rSm29 was added to the cultures
f infected individuals and healthy controls (18167 ± 9727 pg/mL
nd 1135 ± 961 pg/mL, respectively), compared to the culture of
nstimulated cells (p = 0.044 and p = 0.012 respectively; Fig. 1A and
). The addition of rShTSP-2 also resulted in a decrease in the mean

evel of CXCL9 in cell cultures of infected (16136 ± 9233 pg/mL) and
ealthy controls (661 ± 719 pg/mL), compared to the unstimulated
ells (p = 0.031 and p = 0.012 respectively). The addition of PIII did

ot alter the production of this chemokine in HTLV-1 individuals
19298 ± 10048 pg/mL, p > 0.05), however there was  an increase in
he levels of this chemokine in cell cultures of control individuals

ig 1. CXCL9 production by PBMC of HTLV-1 infected individuals, mean and SD. Cells wer
B)  in the carriers of the virus (n = 23), (C) in the HAM/TSP group (n = 7) and (D) in the con
9
± 0.07 0.19 ± 0.06 0.27 ± 0.06 >0.05

(4392 ± 5390 pg/mL, p = 0.012). In the group of carrier individuals
(Fig. 1B), the addition of rShTSP-2 resulted in decreased production
of CXCL9 (13977 ± 8857 pg/mL) compared to the unstimulated cells
(18121 ± 10508 pg/mL; p = 0.026). However, the addition of rSm29
and PIII did not alter significantly the mean level of this chemokine
(17537 ± 10520 pg/mL; 18177 ± 10926 pg/mL, respectively).

In the group of HAM/TSP subjects, the mean level of CXCL9
in unstimulated cultures was 25078 ± 2392 pg/mL. The addition
of rSm29 to the cultures decreased the levels of CXCL9 to
20237 ± 6023 pg/mL (p = 0.028; Fig. 1C). The addition of rShTSP-2
and PIII antigens did not alter significantly the production of this
chemokine, (23230 ± 6477 pg/mL and 22982 ± 4771 pg/mL, respec-
tively) compared to the mean level of unstimulated cultures.

Regarding the production of CXCL10, there was  no significant
difference in the mean levels of this chemokine after treatment of
PBMCs with Schistosoma proteins in HTLV-1-infected individuals
(Fig. 2). However, the level of this chemokine in unstimulated PBMC
cultures from healthy individuals (2704 ± 374 pg/mL) reduced after
rSm29 (430 ± 240 pg/mL; p = 0.012) rShTSP-2 (376 ± 262 pg/mL;
p = 0.012) and PIII (1151 ± 1038 pg/mL; p = 0.017) stimulation. We

also measured IL-10 production in the supernatant of PBMC cul-
tures and correlated the mean levels of this cytokine with the levels
of CXCL9 and CXCL10 in 18 individuals of the HTLV-1-carrier group

e stimulated with Schistosoma spp proteins. (A) In the total of enrolled individuals,
trols group (n = 8). *p = 0.04; **p = 0.031; ***p = 0.026; ****p = 0.028, *****p = 0.012.
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ig. 2. CXCL10 production by PMBC of HTLV-1 infected individuals, mean and SD. Ce
B)  in the carriers of the virus (n = 23), (C) in the HAM/TSP group (n = 7) and (D) in th

Fig. 3). There was no significant correlation between IL-10 and
XCL9 in unstimulated cultures in the carriers group (r = −0.15;

ig. 3A). There was, however a positive correlation between IL-
0/CXCL9 when PBMCs of carriers individuals were stimulated
ith rSm29 (r = 0.54, p = 0.02; Fig. 3B). There was also a positive

ig. 3. Correlation between IL-10 and CXCL9 levels (pg/mL) in carriers of HTLV-1 infectio
 = 0.02); (C) after the addition of Sh-TSP-2 (r = 0.70; p = 0.0019), and (D) after the additio
re stimulated with Schistosoma spp proteins. (A) In the total of enrolled individuals,
trols group (n = 8). p* = 0.012, **p = 0.017.

correlation between these two  molecules in the carriers group
when PBMCs were stimulated with rSh-TSP-2 (r = 0.70, p = 0.0019;

Fig. 3C) and with PIII (r = 0.68, p = 0.0026; Fig. 3D).

In the HAM/TSP group no significant correlation was  observed
between levels of IL-10 and CXCL9 in unstimulated cultures

n. (A) in unstimulated cultures (r = −0.15); (B) after the addition of Sm29 (r = 0.54;
n of PIII (r = 0.68; p = 0.0026). Spearman Correlation.
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r = −0.68) and in cultures stimulated with rSm29 (r = −0.39), rSh-
SP-2 (r = −0.26) and PIII (r = −0.40, p > 0.05; not shown).

There was also no significant correlation between levels of
L-10 and CXCL10 in the carriers and HAM/TSP groups in unstim-
lated cultures (r = −0.013, r = −0.67, respectively) and in cultures
timulated with rSm29 (r = −0.012, r = 0.36, respectively), rSh-TSP-

 (r = −0.31, r = 0.29, respectively) and PIII (r = 0.0038, r = 0.018,
espectively; not shown).

We  also performed correlations between CXCL9 with viral titres
nd there was  no significant correlation among viral burden and
evels of CXCL9 in the total of individuals enrolled in the study
n unstimulated cultures (r = 0.6282), in cultures stimulated with
Sm29 (r = −0,1363), stimulated with rSh-TSP-2 (r = 0,4299) and
ith PIII (0,4018; p < 0.05). There was also no significant correlation

etween CXCL9 and viral titres when we considered the carriers
nd HAM/TSP groups (r = −0,08945 and r = 0,6126 in the unstimu-
ated cultures; r = −0,2826 and 0,5714 in cultures stimulated with
Sm29; r = −2592 and r = 0,1482 in cultures stimulated with rSh-
SP-2 and r = −0,2442 and r = 0,2342 in response to PIII antigen,
espectively).

The correlation between levels of CXCL10 and viral bur-
en also did not differs in the total of analyzed individuals in
nstimulated cultures (r = 0.05117), in cultures stimulated with
Sm29 (r = 0.1733), rSh-TSP-2 (r = 0.2516) and with PIII (r = 0.3361,

 > 0.05). No significant difference was also documented in the car-
iers and HAM/TSP groups in unstimulated cultures (r = −0.1498
nd r = 0.6429, respectively), in cultures stimulated with rSm29
r = −0.1198 and r = 0.3214, respectively), stimulated with rSh-TSP-

 (r = 0.08776 and r = 0.5357) and with PIII (r = 0.3118 and r = 0.2703,
espectively).

. Discussion

Studies have shown that HTLV-1-infected individuals produce
igher levels of IFN-� and TNF when compared to donor blood neg-
tive for HTLV-1 (Santos et al., 2004; Carvalho et al., 2001), and
hat exaggerated Th1 immune response participates in the patho-
enesis of HAM/TSP (Nagai and Jacobson, 2001; Lima et al., 2005;
hbo et al., 1991; Andrada-Serpa et al., 1996; Nishimoto et al., 1990;
antos et al., 2004).

We  previously showed that the Schistosoma proteins rSm29,
Sh-TSP-2 and PIII are able to reduce the levels of IFN-� in HTLV-

 infected individuals (Lima et al., 2013). In addition to cytokines,
hemokines also participate in the inflammatory process associ-
ted with HTLV-1 infection (Narikawa et al., 2005; Montanheiro
t al., 2007). It has been shown that the chemokines CXCL9 and
XCL10 are increased in serum of patients with HAM/TSP com-
ared with asymptomatic HTLV-I individuals or healthy controls
Guerreiro et al., 2006). These molecules may  lead to an increase in
he recruitment of pro-inflammatory molecules into the medullar
issue, contributing to the damage associated with the develop-

ent of HAM/TSP (Guerreiro et al., 2006; Shevach, 2002). These
iomarkers may  provide a means for early identification of patients
t increased risk of disease progression (Sato et al., 2013).

In this study we showed that the addition of the Schistosoma
roteins rSm29 and rSh-TSP-2 to cultured cells resulted in reduced

evels of CXCL9 in supernatants of PBMCs compared to unstim-
lated cells of individuals with HTLV-1, in all individuals. The
Sh-TSP-2 antigen reduced the levels of CXCL9 in PBMC cultures
ompared to unstimulated cells in carriers individual. Also, in the
AM/TSP group the addition of rSm29 antigen resulted in reduced
evels of CXCL9 in comparison to the levels of this chemokines in
nstimulated cultures.

Levels of CXCL10 were not affected by the presence of Schis-
osoma proteins in this study. It was able, however to reduction
 167 (2017) 157–162 161

the levels of this chemokine in healthy controls. Failure to reduce
the production of CXCL10, however, does not rule out the possi-
bility that production of this chemokine in vivo is diminished by
these Schistosoma proteins, since CXCL9 and CXCL10 are strongly
induced by IFN-� (Müller et al., 2010). It has been previously shown
that these proteins are able to reduce IFN-� production (Lima et al.,
2013), and the decrease in IFN-� levels could lead to the further
reduction of CXCL9 and CXCL10 production in vivo.

In in vitro studies using humans mononuclear cells, authors
have shown that a polysaccharide of Cryptococus neoformans is able
to affect the cell response to IFN-� by inhibiting the production
of CXCL10 (Nogueira, 2012). Also, infection of human neutrophil
with Anaplasma pagocytophilum impairs IFN-gamma signaling and
the secretion of the IFN-gamma-inducible chemokines CXCL10 and
CXCL9 was  markedly inhibited in infected neutrophils. (Bussmeyer
et al., 2010). About the role of IL-10, in rat peritonitis model, Kupf-
fer cells depletion and neutralization of IL-10 resulted in increased
expression of chemokines and the numbers of inflammatory infil-
trate cells in the lung, leading to exacerbated acute lung injury and
sepsis (Kono et al., 2008).

The main goal in this study was to determine the ability of Schis-
tosoma antigens in down modulating the production of CXCL9 and
CXCL10 by PBMC of HTLV-1-infected individuals. it was observed
lower levels of these chemokines in serum from healthy controls
when compared to HTLV-1-infected individuals.

Since previous studies of our group showed that the Schistosoma
spp proteins used in this study are capable of negatively regulating
Th1-type immune responses in vitro in HTLV-1-infected individ-
uals (Lima et al., 2013), the decreased levels of CXCL-9 observed
in this study may  reduce the risk of damage associated with the
neurological changes that meet the criteria of HAM/TSP. However,
further studies are necessaries to evaluate if the changes observed
in immunological parameters are indeed related to changes in the
clinical outcome.

It has also been shown that rSm29, rSh-TSP-2 and PIII are able to
increase IL-10 production by PBMCs from HTLV-1-infected individ-
uals (Lima et al., 2013). IL-10 is an important immunomodulatory
cytokine and plays an important role in maintaining the carrier
status in HTLV-1 infected individuals, balancing the production of
IFN-� (Britto-Melo et al., 2007). The previously demonstrated low
ratio of IFN-�/IL-10 for some Schistosoma spp proteins support the
hypothesis that these molecules can be used to prevent diseases
in HTLV-1 infection (Lima et al., 2013). Indeed, although IL-10 was
assessed only in individuals of the carrier group, we showed a pos-
itive correlation between IL-10 and CXCL9 after the addition of
Schistosoma spp proteins in cultures. Our data prompt us to specu-
late that IL-10 may  be produced in an attempt to control the high
production of inflammatory molecules such as CXCL9.

Taken together, our results show that the Schistosoma proteins
rSm29 and rSh-TSP-2 used in this study were able to reduce the in
vitro production of the chemokine CXCL9, an inflammatory marker
in HTLV-1 infection. This modulation was unlikely to be depen-
dent upon IL-10, since there was  a positive correlation between
this cytokine and CXCL9 in the carrier group. Other studies are
necessary to further clarify the mechanisms underlying the down-
modulation of chemokine production by Schistosoma spp. proteins.
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