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Background: Visceral leishmaniasis/HIV-co-infected patients (VL/HIV) accounts for
around 8% of VL reported cases in Brazil. Relapses of Leishmania infection after
anti-leishmanial treatment constitute a great challenge in the clinical practice because
of the disease severity and drug resistance. We have shown that non-relapsing-VL/HIV
(NR-) evolved with increase of CD4™ T-cell counts and reduction of activated CD4™ and
CD8™ T cells after anti-leishmanial treatment. This immune profile was not observed in
relapsing-VL/HIV patients (R-), indicating a more severe immunological compromising
degree. Elevated activation status may be related to a deficient immune reconstitution
and could help to explain the frequent relapses in VL/HIV co-infection. Our aim was to
evaluate if this gain of T cells was related to changes in the peripheral TCRVp repertoire
and inflammatory status, as well as the possible thymus involvement in the replenishment
of these newly formed T lymphocytes.

Methods: VL/HIV patients, grouped into non-relapsing (NR- = 6) and relapsing (R- = 12)
were evaluated from the active phase up to 12 months post-treatment (mpt). HIV-infected
patients (non-VL) and healthy subjects (HS) were included. The TCRVp repertoire was
evaluated ex vivo by flow cytometry, whereas the plasmatic cytokine levels were assessed
by Luminex assay. To evaluate the thymic output, DNA was extracted from PBMCs for
TCR rearrangement excision circles (TREC) quantification by gPCR.
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Results: VL/HIV cases presented an altered mobilization profile (expansions or
retractions) of the TCRVp families when compared to HS independent of the follow-up
phase (o < 0.05). TCRVp repertoire on CD4* T-cells was more homogeneous in the
NR-VL/HIV cases, but heterogeneous on CD8™ T-cells, since different VB-families were
mobilized. NR-VL/HIV had the inflammatory pattern reduced after 6 mpt. Importantly,
VL/HIV patients showed number of TREC copies lower than controls during all follow-up.
An increase of recent thymic emigrants was observed in NR-VL/HIV individuals at 10
mpt compared to R- patients (p < 0.01), who maintained lower TREC contents than the
HIV controls.

Conclusions: VL/HIV patients that maintain the thymic function, thus generating new
T-cells, seem able to replenish the T lymphocyte compartment with effector cells, then
enabling parasite control.

Keywords: visceral leishmaniasis/HIV-1 co-infection, thymic output, TCRVR repertoire, relapses, immune response

INTRODUCTION

Visceral leishmaniasis (VL) is a neglected tropical disease
associated with poverty, being a public health issue in endemic
countries, mainly in tropical and subtropical regions (1, 2). Most
of VL cases in the Americas occurs in Brazil, where around 4,000
new cases are reported annually (1-3). An increasing number
of HIV-associated VL (VL/HIV) cases has been identified since
2001 reaching 7.8% of the whole VL cases reported in 2017
(3). Noteworthy, VL/HIV patients frequently fail to respond
successfully to treatment, exhibiting a high rate of drug toxicity,
relapses and mortality (1, 2, 4).

VL/HIV patients evolve with an intense immunosuppression
and, paradoxically, potentiated cellular activation, despite
antiretroviral therapy (ART) and clinical remission of VL (2, 5).
We previously demonstrated that Leishmania infection was the
main co-factor associated with the immune activation state in
HIV-infected individuals (5). Allied to this, elevated levels of
lipopolysaccharide (LPS) pointed out that microbial products
from the gut lumen translocation, could also be involved
in the exacerbated pro-inflammatory status of VL alone (6)
and VL/HIV co-infected patients (2, 7). Plasma inflammatory
cytokines levels, as well as soluble molecules associated with
inflammation such as d-dimers, neopterin, soluble CD163 and
leptin levels have been described as important predictors of
severity and death in VL (8-12).

We showed that relapsing-VL/HIV patients maintained low
CD4" T lymphocyte counts, higher percentages of activated
CD4% and CD8™ T cells, sCD14 and anti-Leishmania 1gG3, even
12 months after anti-leishmanial treatment, whereas this immune
profile was reverted in non-relapsing-VL/HIV patients after anti-
Leishmania treatment (13). This indicates intense activation
leading to an exhaustion of the immune response to the parasite,
which may contribute to the frequent VL relapses or even faster
disease progression (2, 14).

Continuous cellular activation induces immunosenescence
and exhaustion of primary immune resources. As a consequence,
decreased generation of new T cells and lower peripheral

T-cell repertoire diversity takes place (15-17). In this respect,
it is relevant to point out that the thymus of HIV patients
is also affected, compromising both the lymphoid and
microenvironmental compartments of the organ (18). Thymic
capacity of exporting mature T lymphocytes can be ascertained
by quantifying the T-cell receptor excision circles (TRECs). These
circles are generated intrathymically during the somatic gene
rearrangement process that generates the T-cell receptor (TCR)
and are unique of naive Taf cells, allowing the identification
in the periphery of the so-called recent thymic emigrants
(RTEs) (19-21).

In a second vein, HIV-positive patients evolve with
disturbances in the generation of the T lymphocyte receptor
VB repertoire (TCRV) (17), which can potentially compromise
the effector responsiveness to a variety of antigens, including
Leishmania. In this context, disorders of the TCRVp repertoire
have been related to the immunopathogenesis of several diseases,
such as cancer (22); rheumatoid arthritis (23); hematological
comorbidities (24); Chagas disease (25); cutaneous leishmaniasis
(26, 27); and HIV/AIDS (28, 29). HIV-positive patients with a
restrict mono-oligoclonal TCRVP repertoire profile present a
rapid AIDS-progression, suggesting that the T-cell repertoire
disturbances do influence the HIV/AIDS prognosis (28) and
of its association with other infections, such as Epstein Barr
virus (30). Moreover, after ART, a change in the profile of the
TCRVP repertoire is observed since, not only newly VB families
appear in the periphery, but also others are positive or negatively
mobilized (29, 31).

We recently showed that VL-HIV co-infected patients with
satisfactory clinical evolution and no recurrence of VL (non-
relapsing) presented increased content of the circulating CD4™
T cell pool, indicating that they still have the ability to replenish
the peripheral T cell compartment. This was not observed in
relapsing VL-HIV patients, suggesting a sort of burnout of T
cell sources (32). The main source of these T cells, peripheral
lymphoid organs or thymus, can be affected by both Leishmania
and HIV infection (18, 33, 34). Accordingly, it is conceivable
that the compromising degree of one of these compartments may
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be related to a deficient immune response. These features may
contribute to the lack of parasite control which in turn could
explain the frequent relapses in VL/HIV (13, 14). Thus, the aim
of this study was to evaluate if the gain of T cells observed in
NR-VL/HIV patients after anti-Leishmania treatment (13) was
related to changes in the mobilization profile of the peripheral
TCRVp repertoire, and whether the thymus is involved in
the replenishment of newly T cells, especially in non-relapsing
VL/HIV co-infected patients.

MATERIALS AND METHODS
Casuistic of the Study and Ethical Aspects

Eighteen VL/HIV co-infected patients were recruited from
Hospital Eduardo de Menezes, Belo Horizonte, Brazil, being
prospectively followed from February 2011 up to March 2013.
The same patient cohort was previous evaluated by Silva-Freitas
et al. (13) and those studies revealed differences in cellular
activation and a senescent phenotype. Briefly, these patients
were grouped in relapsing VL/HIV (R-VL/HIV; n = 12) e non-
relapsing VL/HIV (NR-VL/HIV; n = 6) respectively, according
to the occurrence or not of VL relapse episodes throughout life.
Clinical aspects, diagnosis, treatment and ethical aspects were
previously reported (13). Parasitological tests (direct exam and
culture) from bone marrow aspirates were used to confirm the
VL diagnosis in all patients. At that time, the first line treatment
recommended by the Brazilian Ministry of Health for VL/HIV
patients was amphotericin B deoxycholate for 4 weeks (35).
After treatment, secondary prophylaxis with amphotericin B was
offered every 2 weeks to those VL/HIV patients that maintained
absolute CD4™ T lymphocyte counts below 350 cells/mm? (36).

The immunological parameters were evaluated in the
following monitoring periods: active phase, early post-treatment,
6 and 10 (for TREC assessment) and 12 months post-treatment
(mpt). Patients infected only with HIV as well as healthy subjects
(HS) were included as controls. This study was approved by
ethical review boards of Hospital Eduardo de Menezes and
of the Oswaldo Cruz Foundation (René Rachou and Oswaldo
Cruz Institutes).

Evaluation of TCRVg Repertoire Levels by

Flow Cytometry

To evaluate the VP repertoire of T lymphocytes we used the
I0Test®Beta Mark kit (Beckman-Coulter, Fullerton, CA, EUA),
which includes specific monoclonal antibodies for 24 Vf chains
belonging to 19 out of 26 VP families known. The following 24
VB families were evaluated: VB1, 2, 3, 4, 5.1, 5.2, 5.3, 7.1, 7.2, 8,
9,11, 12, 13.1, 13.2, 13.6, 14, 16, 17, 18, 20, 21.3, 22, 23. In this
kit, three VB different chains were simultaneously analyzed in a
single dotplot, being labeled with the following fluorochromes:
FITC or PE or with the FITC-PE combination. Therefore, this
flow cytometry protocol allowed to analyze the expression of Vf
chains in the subpopulations of CD41 and CD8" T lymphocytes
using anti-CD4 PercP (Peridinin-chlorophyll proteins) and anti-
CD8 APC (allophycocyanin) monoclonal antibodies. The gate of
these subpopulations was defined within the CD3™ T lymphocyte
compartment, in a tube containing anti-CD4 PercP, anti-CD8

APC and anti-CD3 FITC monoclonal antibodies. From this
lymphocyte subpopulations (CD4™" or CD8™ T cells), a dotplot
was created to define the percentages of cells expressing such V@
family. Peripheral blood mononuclear cells (PBMCs) obtained
of the Ficoll-Hypaque gradient centrifugation were used to ex
vivo immunophenotyping and all samples were acquired by a
FACSCalibur® device (BD Biosciences, San Jose, CA, USA). For
each sample, 20,000 events were acquired within the lymphocyte
gate. The cytometry analyses were performed using the Cell
Quest Pro™ software (BD Biosciences, San Jose, CA, USA).

Quantification of Cytokine Levels

A multiplex assay was performed to quantify the serum levels
of the following cytokines: IFN-y, TNEF, IL-1B, IL-2, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17, MCP-1, and MIP-1p.
Cytokine contents were calculated by Luminex technology (Bio-
Plex Workstation; Bio-Rad Laboratories, USA). Data analysis was
performed using the software provided by the manufacturer (Bio-
Rad Laboratories, USA). Recombinant cytokines were used to
establish standard curves and the sensitivity of the assay. Results
were expressed as Median Fluorescence Intensity (MFI) (37).
The MFI of the last point of each standard curve was used to
determine the detection limit of each cytokine.

Quantification of T Cell Receptor Excision

Circles (TRECs) by qPCR

PBMCs previously cryopreserved were thawed and the DNA
was extracted directly from the cells using the QIAamp
DNA Blood Mini kit, following the manufacturer’s instructions
(Qiagen, Manchester, UK). The DNA was extracted of an
initial concentration of cells which ranged from 1 to 5 million
PBMC/mL. After extraction, the eluted DNA was quantified
through of NanoDrop 2000c spectrophotometer (Thermo Fisher
Scientific, Wilmington, USA). TRECs were quantified by real-
time quantitative Polymerase Chain Reaction (QPCR), according
to the principles of the test established by Douek et al. (19).
Briefly, 2 WL of extracted DNA was added in MicroAmp®
Optical 96-well reaction plate (Applied Biosystems®) with 3 L
of TREC reaction mix, which consisted in: miliQ water; TREC
primers: Forward (5 -CAC ATC CCT TTC AAC CAT GCT-3)
and Reverse (5 -GCC AGC TGC AGG GTT TAG G-3); probe
TREC (6-FAM-ACA CCT CTG GTIT TTT GTA AAG GTG
CCC ACT-39-TAMRA); and the 2x TagMan Universal Master
Mix II enzyme (Applied Biosystems®). Reaction final volume
was 5 pwL/well. To perform TREC quantification, a plasmid
containing TREC sequence cloned, kindly provided by Dr. Daniel
Douek (Vaccine Research Center, NIH, USA) was serially diluted
from 10° to 10~! TREC copies/iL and used as standard curve
amplified in parallel in each experiment. To control the quality
of the assay and the integrity of the extracted DNA, the RNAseP
endogenous constitutive gene was quantified in all samples.
Moreover, in order to normalize the copy number of the target
gene (TREC/WL) by the number of total cells contained in
each sample, we used a standard curve of RNAseP that was
serially diluted from 10° up to 10! PBMC/pL. Each sample
was run in duplicate and the qPCR assay was performed in the
7,500 Real-Time PCR System equipment (Life Technologies).
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The analysis was performed in the 7,500 software v2.3 (Life
Technologies) and the final result was expressed by 10° cells, as
TREC copies/10°PBMC.

Statistical Analysis

The statistical analyses were performed using GraphPad Prism
software (version 6.0, San Diego, CA, USA). For comparisons
between VL/HIV co-infected patients and control groups, we
used non-parametric tests: Mann Whitney when two groups were
analyzed; ANOVA (Kruskal-Wallis) and Dunns post-test when
three or more groups were simultaneously compared. Parametric
test (Wilcoxon) was applied when the same patient was
compared in his/her different phases of follow-up. Differences
were considered statistically significant when the p value was
<0.05. Heatmap analyses were performed to evaluate the
differential expression patterns of TCRV repertoire on T cell
subpopulations in VL/HIV patients. For this, the online software
Heat mapper® (Wishart Research Group at the University of
Alberta) was applied to draw a heatmap from a spreadsheet
containing the expression index of each TCRVp family for each
patient evaluated, using the following formula: % Y-V family
expression of the X-patient in a given follow-up period divided by
average of the % Y-Vf family expression in the healthy controls.
The clustering method used for analysis was the average linkage,
and the distance measurement method applied was Euclidean.

RESULTS

Mobilization of the CD4+ and CD8* T-Cell
V@B Repertoire After anti-Leishmania
Treatment in Non-relapsing and Relapsing
Visceral Leishmaniasis/HIV Co-infected

Patients

As we previously demonstrated (13), NR-VL/HIV and R-VL/HIV
patients presented very low levels of CD4™ T cells during active
phase of VL (Table 1). However, at 6 mpt a significant increase
in this population was observed in NR-VL/HIV patients but
not in R-VL/HIV, remaining until 12 mpt. Although CD8*
T lymphocyte counts also increased in the NR-VL/HIV group
after treatment, no significant differences were found throughout
the follow-up when the patients were evaluated individually
(Table 1). This indicates that the mobilization occurs mainly
in the CD4T T cell pool. Since NR-VL/HIV patients had
a higher degree of immune reconstitution in comparison to
R-VL/HIV cases, we investigated whether this T cell input
was associated with newly TCRVp repertoire diversity or even
differentially mobilized.

Then, we evaluated the overall TCRVB mobilization profile
of VL/HIV groups in comparison to HS. Considering both
NR-VL/HIV and R-VL/HIV patients, in all clinical phases,
the TCRVP repertoire was significantly altered (higher or
lower expression) in CD4" T cells (70.8%; 17 out of 24
families) (Table 2) and in CD8' T cells (50%, 12 out of 24
families) (Table 3). However, CD4" T cells VB families were
mobilized differently in NR-VL/HIV and R-VL/HIV groups
(Table 2). In terms of CD8' T cells, the NR-VL/HIV group

TABLE 1 | T cell absolute counts of non-relapsing and relapsing visceral
leishmaniasis/HIV (VL/HIV) co-infected patients.

VL/HIV group Follow-up CD4+ cD8+ n
phase cells/mm?® cells/mm?
Median [IQR] Median [IQR]
Non-relapsing  Active VL 86.5 [66.3-120.5] 364 [238.5-1,032] 6
Early 166.5 [120.3-263.8] 499 [386.8-961.8] 6

post-treatment

6 mpt 297 [216.8-478.5]* 766.5 [428.8-1,872] 6

12 mpt 350 [284.5-659.5]** 806 [651.5-1,408] 6
Relapsing Active VL 116 [61.8-185] 418 [226.8-881] 12

Early 189.5 [96-257.8] 556 [390.3-1,305] 12

post-treatment

6 mpt 132 [76-208] 425  [309-705] 11

12 mpt 126 [39.25-232.3] 327.5 [218-1,476] 10

VL/HIV, patients with visceral leishmaniasis co-infected by HIV; mpt, months post-
treatment; IQR, interquartile range; *Significant difference between non-relapsing (NR-)
and relapsing (R-) VL/HIV patients at 6 mpt; **significant difference between non-relapsing
(NR-) and relapsing (R-) VL/HIV patients at 12 mpt; n, number of patients in each
follow-up phase.

maintained the expression of several families, whereas R-
VL/HIV, not only mobilized few families but also their use
was reduced in relation to healthy subjects. Nine families were
simultaneously altered in both T cell subsets (VP18, VB5.1,
VP20, VB5.2, VP23, VP11, VP14, VB4, VB7.2). Two out of the
nine families showed a similar mobilization profile in the T
cell subsets: VP23 and VP7.2 (Figures 1C,E, 2D,E). Interestingly,
the VB7.2 family was significantly less expressed (below 1%)
in both T cells in NR-VL/HIV and R-VL/HIV patients but
in different time points of the follow-up (Figures 1E, 2E and
Supplementary Figures 1A-D), suggesting a restriction of this
family in VL/HIV patients.

A further analysis was to compare the TCRVP mobilization
in the active phase with the different phases after therapy.
In relation to CD4" T cells, three families were increased in
NR-VL/HIV patients during the active phase, in comparison
to HS: VB5.1, VB13.6 and VBI1 but only V5.1 and VB13.6
families remained significantly more expressed after treatment
(Table 2; Figure 1F and Supplementary Figures 1A, 2). By
contrast, among R-VL/HIV patients, six families were more
elevated: VB18, VB13.6, VP23, VP22, VB13.2 e VB4 (Table 2;
Figures 1C,D,F and Supplementary Figure 1A). All these
families, except VP22, remained significantly higher immediately
after anti-Leishmania treatment (Table 2; Figures 1C,D,F and
Supplementary Figure 2). Four families displayed punctual
changes in the TCRVP mobilization: higher percentages of VB3
(throughout the follow-up; Figure 1A) and decreased expression
levels of VP23 (12 mpt; Figure 1C) in NR-VL/HIV, decreased
representation of V18 in R-VL/HIV (12 mpt; Figure 1D) and
decreased expression of VB9 in both groups (12 mpt; Figure 1B).

In order to provide an individual qualitative overview of
the VP disturbances we used the heatmap strategy to represent
the fold change of the percentages of each TCRVf family
presented by each VL/HIV patient in all phases of follow-up.
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TABLE 2 | Differences in the CD4* T-cell VB repertoire mobilization profile of
non-relapsing and relapsing visceral leishmaniasis/HIV (VL/HIV) co-infected
patients.

TABLE 3 | Differences in the CD8* T-cell VB repertoire mobilization profile of
non-relapsing and relapsing visceral leishmaniasis/HIV (VL/HIV) co-infected
patients.

Non-relapsing (NR-VL/HIV) Relapsing (R-VL/HIV)

Non-relapsing (NR-VL/HIV) Relapsing (R-VL/HIV)

Active Early 6 12 Active Early 6 12 Active Early 6 12 Active Early 6 12
post-treat mpt mpt post-treat mpt mpt post-treat mpt mpt post-treat mpt mpt

VB 5.3 VB 5.3 . .
families families

71 741

I

9 9

17 R . 17

16 16

51 [N [ | 5.1 .

2 . »

13.1 13.1

8 8

5.2 [ 5.2

2 .

12 12

1 1

213 [ ] 21.3

11 [ | [ | 11 [ |

22 22

1 «

13.2 13.2

4 4

R e

“VB families up-expressed (M) or down-expressed (M) in CD4 T cells in comparison to
healthy subjects. VIL/HIV (patients with visceral leishmaniasis co-infected by HIV); Active
(VL active phase); Early post-treat (immediately after anti-Leishmania post-treatment);
6 mpt (six months post-treatment); 12 mpt (12 months post-treatment); mpt (months
post treatment).

The CD41 TCRVB repertoire analysis by heatmap confirmed
that, although the VB9 family was highly mobilized during the
active phase in NR-VL/HIV (4 out of 5 patients), it was reduced
in both groups of co-infected patients after the anti-Leishmania
treatment (Figures 1B, 3A; p < 0.05). The VB18 family also
presented increased expression levels during the active phase
and early after treatment against Leishmania among NR-VL/HIV
patients (4 out of 5 patients), decreasing in the 6 and 12
mpt (Figure 3A), although such a decrease was not statistically
significant (Figure 1B). This same pattern was observed in
relation to VP22, V23, and VP18 families, among the R-VL/HIV
patients, where 5 out of 8 patients in the VL active phase
mobilized these families (Figure 3A). At 12 mpt, the heatmap
analysis confirmed the reduction in the expression levels of the
VPB13.1 (4 out of 5 patients) and VP23 families (all patients)
among NR-VL/HIV group (Figure 3A). Also, it is important to
mention VB3 family, whose mobilization tended to be higher
among the majority of NR-VL/HIV patients throughout the
follow-up (Figure 3A).

* VB families up-expressed (M) or down-expressed (M) in CD8™ T cells in comparison to
healthy subjects. VIL/HIV (patients with visceral leishmaniasis co-infected by HIV); Active
(VL active phase); Early post-treat (immediately after anti-Leishmania post-treatment);
6 mpt (6 months post-treatment); 12 mpt (12 months post-treatment;) mpt (months
post treatment).

Concerning CD8" T-cells, the VP18 and VB3 families
were more mobilized (VB3 above 5%) in NR-VL/HIV
patients during the active phase and after anti-Leishmania
treatment when compared to HS (Table 3; Figures 2A,B and
Supplementary Figure 1C). Although the R-VL/HIV group had
lower percentages of VB3 family on CD8™ T cells in comparison
to the NR- group, this family was the only one mobilized
above 5% among R-VL/HIV patients at 12 mpt (Figure 2A and
Supplementary Figure 1D). The representation of VB18 family
on CD8™" T cells significantly decreased in NR-VL/HIV patients
at 12 mpt in relation to active and post-treatment (Figure 2B),
showing a different pattern of the R-VL/HIV group (Figure 2B).
Among the R-VL/HIV group, only the VB23 on CD8™ T cells was
more expressed during the VL active phase (Table 3; Figure 2D
and Supplementary Figure 1A). In the NR-VL/HIV group, the
mobilization percentages of this family significantly reduced
at 12 mpt, in comparison to the previous phases (Figure 2D).
Curiously, the percentages of CD8" T cells expressing VB2
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remained lower in both NR-VL/HIV and R-VL/HIV groups
during all the follow-up period (Table 3; Figure 2C) in relation
to HS, indicating a possible mobilization profile characteristic of
the VL/HIV association in this subpopulation.

Noteworthy, practically no significant change in the TCRVf
mobilization profile was seen in CD8" T cells from relapsing
patients when compared to HS (Table3; Figure2 and
Supplementary Figure 3). This may due to the fact that
many TCRV families have been differently mobilized in each
clinical phase for each patient, suggesting that the CD8" TCRVp
repertoire in R-VL/HIV patients is more heterogeneous, and
may be related to a reduced ability of parasite control.

Again, the heatmap analysis of the CD8" TCRVP repertoire
(Figure 3B) reinforced our previous observations, such as the
high use of VB18 by 3 out of 5 NR-VL/HIV patients and only
one out of 8 R-VL/HIV cases (Figure 3B) during the active VL.
This family reduced in all NR-VL/HIV patients at 6 and 12 mpt.
The VP23 family mobilization was also expressively reduced in
all NR-VL/HIV patients at 12 mpt, with a trend to be more used
among R-VL/HIV patients mainly in the VL active phase (4 out
of 8). Finally, the levels of VB3 family were not only elevated
during all the clinical follow-up of the NR-VL/HIV (3 out of 5
patients), but also tended to be more expressed in this group in
comparison to R-VL/HIV patients (Figures 2A, 3B). Overall, an
extremely heterogeneous pattern of CD8* TCRVP repertoire in
the R-VL/HIV cases was detected, with numerous differences in
the individual mobilization profile.

Decrease of Pro-inflammatory Cytokine
Levels in Non-relapsing VL/HIV

Co-infected Patients

Considering that NR-VL/HIV and R-VL/HIV patients differed
in their T cell reconstitution profile (CD4" T cell counts and
TCRVp repertoire), especially after 6 mpt, we investigated its
potential impact upon the pro- and anti-inflammatory cytokine
status of these patients. During the active phase and early post-
treatment, NR-VL/HIV and R-VL/HIV patients exhibited similar
levels of IL-8 and TNF (Figures 4A,B). Nevertheless, in NR-
VL/HIV patients there was a significant decrease in the levels of
these cytokines, from 6 mpt compared to the early phases. By
contrast, R-VL/HIV patients kept or even augmented IL-8 and
TNF levels, which were significantly higher than those observed
in NR-VL/HIV cases (Figures 4A,B).

Interestingly, we also observed a significant decrease in
IL-10 serum levels, in NR-VL/HIV patients at 6 and 12
mpt, in comparison to the VL active phase (Figure 4E).
This finding may be associated to the fact of the parasite
load in this group have become undetectable after anti-
Leishmania treatment (Figure4F). Moreover, we found a
negative correlation between the IL-10 levels in the active phase
of VL and the total number of VL episodes (r = —0.65, p < 0.05)
(see Supplementary Figure 4H).

For the other cytokines, the same pattern was observed:
the majority of the NR-VL/HIV patients showed a
tendency to reduce IFN-y and IL-6 (Figures4C,D), as
well as IL-2, IL-17, CCL4, IL-13, and IL-4 levels (see

Supplementary Figures 4B,C,E-G) at 6 and 12 mpt in relation
to the active phase and immediately after the anti-Leishmania
treatment. On the other hand, among the R-VL/HIV patients,
IFN-y and IL-6 (Figures 4C,D), as well IL-18, CCL2, CCL4, and
IL-4 (see Supplementary Figures 4A,D,E,G) levels tended to
remain elevated or even higher at 6 and 12 mpt in comparison to
those found in the early periods of clinical follow-up.

Thymic Output May Contribute to the
Replenishment of T Cells in Non-relapsing

VL/HIV Patients

As we previously found that both NR-VL/HIV and R-VL/HIV
individuals exhibit elevated percentages of senescent T cells (13),
but different degree of immune reconstitution, inflammatory
profile and mobilization of VB families, we questioned whether
the thymic compartment could be contributing to this differential
immune status. As depicted in Figure5A, the numbers of
TREC copies per million of PBMCs were lower in the VL/HIV
co-infected patients during active phase (1.54 TRECs; IQR:
0.99-2.94 TRECs) and early post-treatment (0.99 TRECs; IQR:
0.34-1.62 TRECs) when compared to HIV mono-infected or
healthy subjects (HIV: 3.71 TRECs; IQR: 1.74-17.37 TRECs; and
HS: 42.08 TRECs; IQR: 15.41-116.6 TRECs). Nevertheless, a
tendency to increase (p=0.06) was observed among co-infected
patients at 10 mpt (2.91 TRECs; IQR: 1.13-11.99), as compared
to the initial phases of the follow-up (Figure 5A). When these
patients were split into relapsing (R-VL/HIV) and non-relapsing
(NR-VL/HIV), it was observed that the augment in TRECs at
10 mpt was due to a significant increase in NR-VL/HIV patients
in comparison to R-VL/HIV (Figure 5B). The median of TREC
copies in PBMCs seen in NR-VL/HIV patients were higher than
those observed in the HIV mono-infected individuals and some
of NR-VL/HIV patients showed data rather close to the median
of HS (Figure 5B, dashed line). By contrast, R-VL/HIV patients
maintained low TREC copies during all the follow-up period, and
below the medians of the control group (Figure 5B).

The significant increase in the numbers of TREC copies in NR-
VL/HIV patients at 10 mpt (Figure 5B) may reflect their ability
to replenish the pool of peripheral CD4™ T cells, as we showed in
the Table 1.

Importantly, the TREC copy numbers per million PBMCs
at 10 mpt negatively correlated (p < 0.05, r = —0.545) with
the number of relapses observed in VL/HIV patients in this
same period of follow-up, as seen in Figure 5C, again suggesting
that the impairment of the thymic output may influence the
occurrence of VL relapses.

DISCUSSION

Relapses in VL/HIV patients are a challenge for clinicians since
it is, not only a frequent event, but also difficult to manage
because of the scarce therapeutic options. A negative correlation
between CD4™" T cell counts and cellular activation levels in
VL/HIV co-infected patients was previously demonstrated (13).
Corroborating with these results, relapsing-VL/HIV patients
whose activation levels were elevated during 12 months of the
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clinical follow-up also maintained low CD4% T-lymphocyte
counts. On the other hand, non-relapsing-VL/HIV presented a
gain of CD4™" T cells, but not of CD8' T cells. Therefore, we
decided to investigate the quality of the T cells circulating in the
periphery, in terms of diversity and mobilization profile of Vf
families, cytokine status, and the probable origin of T cells.

Disturbances in the TCRVP repertoire diversity are observed
in HIV monoinfected patients at the acute phase of the infection
(28, 29, 31, 38), perpetuating through chronic infection (31).
Herein, we showed that VL/HIV co-infected patients also
suffered significant disturbances in the expansion or retraction
of several TCRVp-families, mainly during active and VL
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post-treatment phases, regardless of these are relapsing or non-
relapsing. In terms of TCRVB on CD4™ T cells, NR-VL/HIV
and R-VL/HIV groups mobilized different VB families when
compared to healthy individuals. However, to the TCRVf on
CD8" T cells it is interesting to note that the NR-VL/HIV
patients mobilized several families either to a greater or lesser
expression, whereas R-VL/HIV group mobilized few families;
most of them being down expressed in comparison to the HS.

In this context, the analysis of these disturbances by heatmap
suggested a more homogeneous TCRVP repertoire on CD4" T-
cells, especially in the NR-VL/HIV cases. Differently, the TCRV
repertoire on CD8*' T-cells is extremely heterogeneous when
assessed individually, since different VB-families were mobilized,
through expansions or retractions. These differential alterations
were more intense among R-VL/HIV patients. Indeed, in HIV-
1 infection, major disturbances have been described in the

Frontiers in Immunology | www.frontiersin.org

May 2020 | Volume 11 | Article 953


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Silva-Freitas et al.

Thymic Impairment in VL/HIV Patients

Non-Relapsing (NR)

CD4 T cell VB Repertoire

Relapsing (R)

Active phase Post-treatment 6 mpt 12 mpt

Active phase

Post-treatment 6 mpt 12 mpt

Non-Relapsing (NR)

CD8 T cell VB Repertoire

Relapsing (R)

Active phase Post-treatment 6 mpt 12 mpt

Active phase Post-treatment 6 mpt 12 mpt

post-treatment (12; 12 mpt).

FIGURE 3 | Individual pattern of VB repertoire mobilization on CD4+ and CD8* T cells of the visceral leishmaniasis/HIV (VL/HIV) co infected patients during all the
follow-up by heatmap analysis. To this analysis, the mobilization index was calculated so that the percentage of a given VB family presented by each VL/HIV patient
was divided by mobilization mean of this VB family presented by healthy subjects. Each VB family is demonstrated in the line (n = 24) and each VL/HIV patient is
represented in the column (NR- 1 to 5; R- 1 to 8) during all phases of follow-up (A, P, 6 and 12). The VB families were clustered in accordance with the similarity, using
appropriate distance and clustering methods. The red and green scales represent a lower and higher mobilization index, respectively, of a given VB family on CD4+ T
(A) and CD8* T (B) cells for each VIL/HIV patient seen individually. Active phase (A); Early post-treatment (P); 6 months post-treatment (6; 6 mpt); 12 months

]| ]| I[

CD8* TCRVS repertoire, regardless of the clinical status, CD8™"
and CD4" T-cell counts, as well as viral load (39). On the
other hand, the CD4™ TCRVP repertoire appears to be severely
disturbed when there are low CD4" T cells counts and high HIV
viremia (39). Considering that CD8*1 T-cells are an important
subpopulation for parasite control, we could infer that the intense
disturbance on the CD8™ T-cell repertoire may be related to the
predisposition to VL relapses.

Although a characteristic TCRVP mobilization profile was
not seen in neither R-VL/HIV nor NR-VL/HIV cases, it is
noteworthy the fact that three VP families were significantly

retracted at 12 mpt of the NR-VL/HIV patients in relation
to the early stages of the follow-up (VB9 on CD4t T-cells;
VB18 on CD8™ T-cells; VB23 in both CD8' and CD4 ™" T-cells,
p < 0.05). Of these, only two (VB9 on CD4*" T-cells; VB18
on CD8T) were highly mobilized in the active phase of this
group. Similarly, R-VL/HIV patients also presented a reduction
in the mobilization of some VP families (VB9 and VP18 on
CD4%" and VP23 on CD8' T cells, p < 0.05) in relation to
the active phase. Moreover, the VB3 family was less mobilized
in CD4" and CD8" T-cells in R-VL/HIV patients throughout
the clinical follow-up, although it is a VB family that is usually
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during clinical follow-up. Plasma cytokine levels of IL-8 (A), TNF (B), IFN-y (C), IL-6 (D), IL-10 (E) and the parasite load (F) in NR-VL/HIV and R-VL/HIV co-infected
patients in the active phase, early post-treatment, 6 and 12 mpt. The cytokines results were represented in Median Fluorescence Intensity (MFI). The cytokine levels
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increased in Brazilian HIV-positive patients, with or without
ART (29). These retractions, regardless of whether it is R
or NR, could be related to the return to baseline state of
expression of VB families or even to a severe clonal exhaustion
process. Considering the continuous Leishmania stimulation in
the scenario of VL/HIV co-infection, it is plausible that the

exhaustion of primary immune resources may influence the
effector immune response and therefore the occurrence of relapse
episodes. Herein, we showed that there are changes in the
TCRVP mobilization profile of co-infected patients, especially
during the clinical follow-up. Even so, the association between
the mobilization of these families and parasitic control could
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FIGURE 5 | Number of T cell receptor excision circles (TREC) copies/108
PBMC in visceral leishmaniasis/HIV (VL/HIV) co-infected patients during the
prospective follow-up and its correlation with number of VL relapses. TREC
copy numbers in the VL/HIV-co-infected patients (A) and TRECS copy
numbers in non-relapsing-VL/HIV (NR-) and relapsing-VL/HIV (R-) group (B)
during the clinical follow-up. The number of TREC copies was evaluated from
1105 x 108 cells/mL obtained of the peripheral blood of all VL/HIV
co-infected patients in the active, early post-treatment and 10 mpt phases, as
well as HIV mono-infected patients (CHIV) and healthy subjects (HS). Negative
correlation (C) between the number of TREC copies at 10 mpt and the total
number of relapses presented by VL/HIV patients (Spearman correlation, r =
—0.545; p < 0.05). The green and red colors represent the NR-VL/HIV and R-
patients, respectively (C). The dashed lines represent the median of TREC
copies/10% PBMC of the HIV mono-infected patients and HS (A,B). Each
point represents a patient and each color represents the same patient in the
different phases of follow-up. The horizontal bar represents the median values.
10 mpt (10 months post-treatment). *“o < 0.005.

not be addressed in this study. New approaches based on
other study designs and using specific stimulations may clarify
these questions.

It is important to stress that cytofluorometry is not
informative for evaluating the specificity of a given TCR
repertoire or defining clonotypes. Herein, this strategy aimed
at determining if the percentages of T cells using a given VP
family differed between patients and controls and for evaluating
the dynamics of mobilizations in terms of peripheral frequency,
especially after an immunological reconstitution.

In addition to the gain in CD4*T lymphocyte numbers,
the reduction of the T-cell activation status was markedly
observed in VL/HIV patients who achieved clinical remission
after anti-leishmanial therapy (13). Then, a possible relationship
between the improvement of the immune status along with
the replenishment of T lymphocytes pool (CD4" T cell gain
and TCRVp repertoire) on the profile of systemic inflammatory
cytokine, was addressed. We found a tendency of the NR-
VL/HIV group to reduce the plasmatic pro- and anti-
inflammatory cytokine levels throughout the clinical follow-up.
In this respect, low levels of IL-10 in the active phase of the
disease in R-VL/HIV group may contribute to the maintenance
of an activated and inflammatory immune status, due to the
lack of regulatory action of this cytokine, as suggested by
negative correlation observed between this parameter and the
VL relapse numbers. A cytokine storm has been associated with
the severity of VL alone (9), with the worsening of the immune
status and progression to AIDS in HIV-positive individuals
(40). Moreover, it has been associated with the presence of
Leishmania in VL/HIV patients (7). As in a vicious circle,
this inflammatory status may contribute to maintaining the
high levels of cellular activation that, in turn, continuously
compromises the general immune status of relapsing-VL/HIV
patients, generating exhaustion and peripheral senescence, thus
compromising central immune functions.

Despite the reduction of inflammatory status in NR-VL/HIV
patients, the high proportion of peripheral senescent T cells
previously verified (13) indicates that these patients present an
impairment of the T cell proliferative capacity. This raised the
question on the origin of the newly-formed T cells detected
in the circulation of NR-VL/HIV patients, which prompted us
to investigate a putative thymus participation in this process.
Herein, for co-infected patients, the TREC copy numbers were
low during the VL active phase, suggesting a thymic functional
impairment in the renewal of the T-cell pool, despite ART use and
low or undetectable viral load in the majority of patients (13). In
fact, it is well-described that thymic functionality is compromised
in HIV-infected patients, especially in those without ART (20,
21, 32, 41, 42), which is in keeping with the fact that the virus
has the ability to infect or at least to affect thymic stromal
cells, T-lymphocyte progenitors and thymocytes, resulting in
lower production of new T-cells with consequent impairment of
the immune reconstitution (43-45). However, TREC copies in
VL/HIV co-infected patients were even lower than those seen in
HIV-solely infected patients. This fact points out that not only
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residual HIV, but also Leishmania can be contributing to the
severely impaired thymic function in VL/HIV patients. Previous
studies have shown that Leishmania can affect T-cell progenitors
in the bone marrow and the thymic microenvironment (46—
48), which may also favor the deficient thymic output under
conditions of VL. Additionally, as previously described, the
parasite potentiates the immune activation degree (5, 49),
mainly in R-VL/HIV cases (13), which in turn may lead to
thymic dysfunction.

It is noteworthy that such thymic output deficiency seems
to be more severe in those patients presenting VL relapses,
since they maintained low TREC levels during all clinical
setpoints of the follow-up, whereas non-relapsing-VL/HIV
patients recovered these values at 10 mpt. Considering that
TREC copy numbers were accompanied by maintenance of low
absolute CD4™ T-cell counts in relapsing-VL/HIV and correlated
negatively with the number of relapses, we suggest that the
thymic impairment favors the loss of parasitic control and the
recurrences in visceral leishmaniasis. Future quantification of
TREC copies in sorted CD4" and CD8" T-cells would be
useful to define if the CD4™" T-cell counts recovery among non-
relapsing cases is related to increased TREC copy numbers in
this subpopulation.

To the best of our knowledge no other study has reported
an evaluation of thymic output in VL/HIV co-infected patients.
In this scenario, along with TCRV repertoire disturbances and
intense inflammatory status, it is expected that relapsing-VL/HIV
patients present a qualitative deficit in the effector cellular
immune response, which in turn may predispose to VL relapses.
This set of factors may culminate in a higher susceptibility to VL
relapses among VL/HIV co-infected patients who have a deficient
immune system per se and that, along with each relapse, become
increasingly unable to control the parasite.

In conclusion, our findings indicate that impaired thymic
output is related to the low immune reconstitution and T
cell repertoire disturbances in relapsing visceral leishmaniasis
associated HIV/AIDS patients.
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Supplementary Figure 1 | Percentages of T-cell receptor Vp families among
non-relapsing (NR) and relapsing (R) visceral leishmaniasis/HIV (VL/HIV)
co-infected patients during the VL active phase and 12 months post treatment.
Mobilization levels of the 24 VB families in NR-VL/HIV and R-VL/HIV co-infected
patients in the active phase (A,C) and 12 mpt (B,D). This evaluation was
performed in accordance with the literature to indicate the families that were less
(<1%) and more (>5%) mobilized by CD4* (A,B) and CD8™ (C,D) T-cells VB
repertoire. These mobilization limits (1% and 5%) were represented by dashed
lines. The asterisks point to the significant differences for higher (blue) and lower
(red) mobilization in the VL/HIV groups in relation to healthy subjects (HS). The
column bar represents the median values with interquartile range. 12 mpt (12
months post-treatment). *p < 0.05.

Supplementary Figure 2 | Mobilization profile of CD4* TCRVB repertoire
presented by non-relapsing (NR) and relapsing (R) visceral leishmaniasis/HIV
(VL/HIV) co-infected patients during clinical follow-up. The percentages of the 19
out of 24 VB families that makes up the CD4* T-cell repertoire were evaluated in
the VL/HIV co-infected patients during clinical follow-up and in healthy subjects
(HS). The column bar represents the median values with interquartile range. The
blue asterisk represents the difference statistical in relation to HS. *p < 0.05.

Supplementary Figure 3 | Mobilization profile of CD8* TCRVB repertoire
presented by non-relapsing (NR) and relapsing (R) visceral leishmaniasis/HIV
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(VL/HIV) co-infected patients during clinical follow-up. The percentages of the 19
out of 24 VB families that makes up the CD8" T-cell repertoire were evaluated in
the VL/HIV co-infected patients during clinical follow-up and in healthy subjects
(HS). The blue asterisk represents the difference statistical in relation to HS. The
column bar represents the median values with interquartile range. *p < 0.05, **p
< 0.005.

Supplementary Figure 4 | Anti- and pro-inflammatory cytokines and
chemokines levels of the visceral leishmaniasis/HIV (VL/HIV) co-infected patients
during clinical follow-up. Levels of IL-18 (A), IL-2 (B), IL-17 (C), CCL2 (MCP-1)
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