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Abstract

Background: Leishmaniasis is an important parasitic disease affecting millions worldwide. Human cutaneous
leishmaniasis (CL) is endemic in Rio de Janeiro, Brazil, where is caused by Leishmania braziliensis. The adaptive immune
response is accountable for the healing of CL and despite of key role of CD8+ T cells in this immune response little is
known about the CD8+ T lymphocytes frequencies, apoptosis and antigen-responsive CD8+ T lymphocytes of CL patients
during antimonial therapy.

Methods: Using flow cytometry, we examined total and effector CD8+ T cells from CL patients before (PBT), during
(PDT) and after (PAT) treatment for apoptosis and frequencies upon isolation and after in vitro L. braziliensis antigens
(LbAg)-stimulation culture. Besides, a correlation study between immunological findings and lesion size was done.

Results: PDT showed lower frequencies of total CD8+ T lymphocytes and higher levels of apoptosis of these cells,
which were also observed following LbAg-stimulation culture. Regarding effector CD8+ T cells, high frequencies were
observed in PDT, while lower frequencies were observed in PAT. Interestingly, PDT showed higher frequencies of
apoptotic-effector CD8+ T lymphocytes. Similar results were seen after in vitro antigenic-stimulation assays. Correlation
analysis showed that the greater the size of lesion, the smaller the frequency of effector CD8+ T lymphocytes in PDT
and PAT, as well as a positive correlation between apoptotic-effector CD8+ T cells frequency and lesion size of PDT.

Conclusions: Changes in effector CD8+ T–lymphocyte frequencies, during and after treatment, seem to represent a critical
stage to generate an efficient immune response and suggest that these cells would be evolved in the triggering or in the
resolution of lesion, under the influence of therapy. This hypothesis opens new perspectives to clarify controversial
statements about the protective or deleterious role of CD8+ T cells in the cure or aggravation of CL and the new approach
of evaluating patients during treatment proved to be of utmost importance for understanding the immune response in
the healing process of human CL.
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Background
Leishmaniasis is a group of diseases caused by different
species of protozoan parasites from the genus Leishmania
and is ranked as the sixth major neglected tropical disease
in the world. In Brazil, American tegumentary leishmania-
sis (ATL) was registered in all states and is endemic in Rio
de Janeiro, where it is caused mainly by Leishmania
(Viannia) braziliensis, leading to a spectrum of clinical,
immunological and histopathological manifestations, ran-
ging from self-healing localized cutaneous leishmaniasis
(CL) to destructive mucosal leishmaniasis [1,2]. CL is the
most frequent clinical form of ATL and is characterized
by the presence of a skin ulcer, which heals spontaneously
or after antimonial therapy [2,3]. While spontaneous heal-
ing appears to be associated with natural resistance, the
immunological mechanisms of resistance have not been
clearly defined. It was shown that early treatment fails to
prevent ulcer formation in CL [4].
Despite the CD4+ T-cell-mediated immune response

play a pivotal role in the processes either for cure or aggra-
vation of the disease, some reports highlighted that CD8+

T lymphocytes may also play important role in the mecha-
nisms for cure of and resistance to Leishmania infection
[5-10]. Although the role of CD8+ T cells has been well
established in these studies, there is a controversial state-
ments about protective or deleterious function of effector
subpopulation which has not been elucidated so far
[7,11-17]. Previous researches have focused mostly on im-
mune responses during active phase and at the clinical
cure of disease, thus the investigation of immunological
patterns of patients during the antimonial therapy is crit-
ical for better understanding the establishment of path-
ology and for determine beneficial parameters of the
immune responses associated with clinical cure.
CD8+ T lymphocytes are functionally heterogeneous and

the involvement of effector, naïve and memory CD8+ T-cell
subsets has already been described in antitumor immune
responses [18]. It is well established that human-effector
CD8+ T cells have the CD45RA+CD27− phenotype and
these subset is thought to result from CD8+CD27+ precur-
sors in response to antigenic stimulation [19-22]. To date
there are few reports about the role of CD8+ T-cell subpop-
ulations in the modulation of CL immune response and
their functional activity should be better investigated.
Some authors have shown that apoptosis is involved

in modulation of the immune response and may be dir-
ectly related to the immunopathogenesis of some dis-
eases including leishmaniasis [7,23-26]. Our previous
results suggest that active disease and spontaneous cure
of CL patients have been associated with higher or
lower percentages of apoptotic CD8+ T cells, respect-
ively [7]. Nevertheless, the association between apop-
tosis and functionally-defined CD8+ T-lymphocyte
subsets in CL patients still remains undefined.
The present study investigates frequency and apoptosis
of total and effector CD8+ T lymphocytes, in blood
smears from CL patients before, during and after treat-
ment, as well as evaluates antigen-specific effector CD8+

T-lymphocyte frequency and correlating immunological
features with lesion size.

Methods
Study Groups
All CL patients enrolled in this study live in Leishmania
braziliensis-endemic areas in Rio de Janeiro, Brazil [2]
and were recruited at Leishmaniasis Surveillance La-
boratory, Evandro Chagas Clinical Research Institute
(IPEC), Oswaldo Cruz Foundation (FIOCRUZ), Rio de
Janeiro, Brazil. All patients are volunteers and informed
consent was obtained from all individuals prior to col-
lection of blood samples. Diagnosis of leishmaniasis was
based on clinical, laboratorial and epidemiological cri-
teria. Ulcerated cutaneous lesions were associated with
positive Montenegro skin test (MST) and positive para-
sitological exams to confirm a diagnosis of CL. All pa-
tients were submitted to meglumine antimoniate
treatment according to the guidelines of the Brazilian
Ministry of Health and sub-divided in three cohorts: Pa-
tients before treatment (PBT, n = 8, 36 ± 9 years old),
evaluated after confirmed diagnosis and before begin-
ning of anti-Leishmania treatment; patients during
treatment (PDT, n = 14, 35.7 ± 13.4 years old), evaluated
at the tenth day after beginning anti-Leishmania treat-
ment, still showing ulcerated skin lesions; and patients
after treatment (PAT, n = 11, 41 ± 15,19 years old), at the
eighty day after the beginning of treatment. After treat-
ment, all patients presented clinical cure, which was de-
fined as full epithelialization of ulcerated lesions,
regression of crusts, desquamation and infiltration.
Healthy subjects (HS, n = 18, 29 ± 9.7 years old), from
non-endemic areas, showing neither previous history of
leishmaniasis nor any other co-morbidity, such as in-
flammatory diseases, diabetes or cardiologic disease,
was analyzed similarly. The duration of lesion ranged
from one month (less than 30 days) to six months and
the larger diameter measured of the ulcers varied from
15 to 60 mm (PBT: 40 ± 5.3 mm; PDT: 42 ± 12.5 mm;
PAT: 41.4 ± 13.9 mm). Basic demographic information
of the studied groups is summarized in Table 1.

Ethics statement
This study was approved by National Ethical Clearance
Committee of Brazil (CONEP) as well as by the Ethical
Committee for Human Research from Oswaldo Cruz
Foundation (CEP-FIOCRUZ) and Evandro Chagas Clinical
Research Institute (CEP-IPEC/FIOCRUZ), Brazil. All of
them adhere to the principles established in the Declar-
ation of Helsinki on human subject research. Written



Table 1 Demographic and clinical information of groups included in the study

HS PBT PDT PAT

Number of volunteers 18 8 14 11

Sex: M/F 11/7 7/1 9/5 8/3

Age 29 ± 9.7 36.1 ± 9 35.71 ± 13.4 41 ± 15.1

Number of lesions NA 1 1 1

Diameter of lesion (mm) (BF) NA 40 ± 5.3 42 ± 12.5 41.4 ± 13.9

Montenegro Skin Test (MST) (mm) (BF) NA 11.3 ± 1.8 11.7 ± 3.6 12.3 ± 3.6

Duration of disease (months) NA 2 (1–6) 2 (1–6) 2 (1–5)

Age; Diameter of lesions; and MST: mean ± Standard Deviation.
Duration of disease: median (range).
BF =measured Before Treatment.
NA = Not Applicable.
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informed consent was taken from all volunteers prior to
blood collection.

Ex vivo and in vitro phenotypic and apoptotic assays
Heparinized venous blood was obtained from CL pa-
tients and HS and peripheral blood mononuclear cells
(PBMC) were obtained by Ficoll-Hypaque density gradi-
ent centrifugation (Sigma Aldrich, St. Louis, MO, USA)
separation. A fraction of these cells was stained ex vivo
and another was submitted to in vitro stimulation assay,
where PBMC were adjusted (3x105/well) in RPMI
medium supplemented with 10% of AB Rh+ inactivated
human serum (Sigma Aldrich) and then distributed in
triplicate in a 96-well, flat-bottomed plate (Becton Dick-
inson, San Jose, CA, USA), as described previously [27].
Cells were stimulated with particulate antigens of L. bra-
ziliensis (LbAg) (disrupted in repeated freeze/thaw cycles
and a final 5-minutes ultrasonication). Non-stimulated
and 1 μg/well-concanavalin A (ConA)-stimulated cells
(Sigma Aldrich) were used as negative and positive con-
trols of proliferation, respectively. Cultures were carried
out in a humidified atmosphere of 5% CO2 at 37°C. The
time of incubation of ConA-stimulated cells was three
days, while non-stimulated and LbAg-stimulated cells
were five days. After that, cells were harvested and pre-
pared for staining protocols.

Cell surface and apoptosis staining protocol
Staining protocol was performed as previously described
[7]. Briefly, ex vivo or in vitro assay’s cells were stained
for surface markers with a panel of monoclonal anti-
bodies, as follows: FITC-conjugated anti-CD3; APC-
conjugated anti-CD8; PECy7-conjugated anti-CD27;
ECD-conjugated anti-CD45 (all Beckman Coulter,
Miami, FL, USA) in PBS containing 0.1% sodium azide
(NaN3; Sigma Aldrich) and 2% fetal calf serum (Sigma
Aldrich) and incubated for 20 minutes on ice. After-
wards, these samples were incubated with 20 μg/mL of
7-aminoactinomycin D (7-AAD; Sigma Aldrich) for
30 minutes at 4°C, for apoptosis evaluation, as described
in elsewhere. The samples were kept on 7-AAD solution,
protected from light, until the flow cytometry acquisition.
Flow cytometry
Fifty thousand-event acquisitions were performed on
Beckman Coulter Cyan ADP and on BD FACSAria II
flow cytometers. The limits for the quadrant markers
and histograms were always set based on non-staining
cells and isotypic controls and color compensations
were made based on simple labeling samples. A multi-
parameter flow cytometric protocol to determine the
frequencies of total and effector CD8+ T lymphocytes
and apoptosis was done in Kaluza 1.2 software (Beck-
man Coulter, Inc., Brea, CA, USA). In this manner, the
frequency of total CD8+ T lymphocytes was determined
in a CD3 vs. CD8 dot plot (Figure 1C) created from a
region encompassing lymphocyte population in a SSC
vs. FSC density plot (Figure 1A), excluding doublets
(Figure 1B). To evaluate the frequency of effector CD8+

T-lymphocyte subsets a CD27 vs. CD45RA dot plot
gated on CD3+CD8+ region was created and data
CD27+CD45RA− was recorded (Figure 1D; Q − +).
Simultaneously, for apoptosis determination in total
(Figure 1E) and effector (Figure 1F) CD8+ T cells a FSC
vs. 7AAD dot plot was created gated on dot plots repre-
sented in Figure 1C and Figure 1D, respectively.
Statistical analysis
For statistical analyses between two groups at a time,
Mann–Whitney U test was used. For comparison between
nonstimulated and stimulated CD8+ T-lymphocyte sub-
sets, we used a paired nonparametric Wilcoxon test. These
results were reported as mean ± standard error (SEM). We
also used a Spearman’s rank correlation test. Correlations
and intergroup differences were considered statistically
significant when P < 0.05. All statistical calculations and
graphical representations of data were obtained using the
GraphPad Prism version 5.0 software (GraphPad Software
Inc., La Jolla, CA, USA).



Figure 1 Representative flow cytometry protocol to determine the frequencies of CD8+ T-lymphocyte subsets and apoptosis. Peripheral blood
mononuclear cells (PBMC) from cutaneous leishmaniasis patients were stained ex vivo and after antigenic-stimulated cultures with CD3-FITC, CD8-APC,
CD45RA-ECD, CD27-PE-Cy7 and 7-AAD. The lymphocytes were gated on forward (FSC) vs side (SSC) scatter dot-plot (A), backgated from CD3+ histogram
and doublets were excluded by a density plot of FSC Area vs FSC Width (B). CD27 vs CD45RA dot plot (D) gated on CD3+CD8+ region (C) was used to define
the frequencies of effector and naïve CD8+ T lymphocytes. Frequency of apoptotic cells (7AADlow) was determined by FSC vs 7AAD dot-plot gated on
CD3+CD8+ cells (total CD8+ T lymphocytes) (E) and on CD45RA+CD27neg cells (effector CD8+ T lymphocytes) (F).
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Results
Frequency of total and effector CD8+ T cells
We performed comparative analysis of the frequency of
total CD8+ T cells from patients before treatment (PBT),
patients during treatment (PDT) and patients after treat-
ment (PAT), as well healthy subjects (HS). The mean
frequency of total CD8+ T cells was significantly lower in
PDT (15.3 ± 1.5) compared to PBT (23 ± 2; P < 0.05) and
to HS (23.6 ± 1.2; P < 0.001). These lower frequency also
were seen when comparing PDT with in PAT (21.5 ± 1.6;
P = 0.07), although these difference was not statistically
significant (Figure 2A).
Due to the heterogeneity of the peripheral CD8+ T-cell

pool, we performed a dichotomized analysis in order to
discriminate the differential distribution of their subsets.
Thus, in order to highlight the importance of effector
CD8+ T lymphocytes in the parasitic immune responses,
we analyzed the CD8+CD45RA+CD27− T cells, an effector
phenotype. We observed a higher frequency of these cells
in PDT (31.2 ± 2.2) compared to other three groups, HS
(12 ± 1.4; P < 0.001), PBT (25 ± 2.7; P < 0.05) and PAT
(16.9 ± 2.7; P < 0.001) (Figure 2B). PBT also showed higher
frequency of these cells when compared to HS and PAT. It
is important to note that PBT and PDT showed lower per-
centages of CD8+CD45RA+CD27+ naïve T-cell subset
when compared to HS and to PAT, which could be a con-
sequence of differentiation of naïve in effector CD8+ T
cells, during active disease (data not shown).

Apoptosis of total and effector CD8+ T cells
Previous report of our group showed that there was a higher
rate of apoptotic-total CD8+-T lymphocytes in non-healing
lesions of CL when compared to lesions that progress to
spontaneous cure [7], suggesting a modulate role of apop-
tosis on these cells in CL lesion environment. Following this
hypothesis, we investigated the role of apoptosis in blood



Figure 2 Ex vivo analysis of total CD8+ T-lymphocyte frequency and apoptosis in human cutaneous leishmaniasis. (A) Total CD8+ T lymphocytes;
(B) Effector CD8+ T lymphocytes; (C) Apoptotic-total CD8+ T lymphocytes; (D) Apoptotic-effector CD8+ T lymphocytes. HS - healthy subjects (n = 18);
PBT – patients before treatment (n = 8); PDT - patients during treatment (n = 14); PAT - patients after treatment (n = 11). Statistical analyses were performed
by Mann Whitney Test. The bars represent the mean± standard error. Results were considered significant with P< 0.05 - *(P < 0.05) **(P < 0.01) ***(P< 0.001).
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compartment, through the 7-AAD staining and flow cytom-
etry. The results of ex vivo analyses showed higher frequen-
cies of apoptotic-total (14.9 ± 2.8) and apoptotic-effector
CD8+ T cells from PDT (18.6 ± 2.8) when compared to:
PBT (apoptotic-total, 2 ± 0.6; P < 0.001; apoptotic-effector,
2.3 ± 1.4; P < 0.001); PAT (apoptotic-total, 6.2 ± 1.7; P < 0.05;
apoptotic-effector, 4.3 ± 1.5; P < 0.001); and HS (apoptotic-
total, 1.8 ± 0.4; P < 0.001; apoptotic-effector, 0.4 ± 0.2; P<
0.001) (Figure 2C and D). These results showed pronounced
percentages of apoptotic CD8+ T lymphocytes only on pa-
tients during treatment, which tend to decrease after the
end of treatment indicating that this phenomenon could be
associated to the glucantime therapy and the immune re-
sponse triggering.

Leishmania braziliensis-reactive CD8+ T lymphocytes
In order to determine an expansion of CD8+ T cells in-
volved in a specific anti-Leishmania T-cell response,
PBMC were cultured in the absence and in the presence
of L. braziliensis antigens (LbAg). Frequencies of LbAg-
reactive-total CD8+ T cells were compared among the four
studied groups. PDT showed lower mean frequencies
of Leishmania braziliensis-reactive CD8+ T lymphocytes
(13.8 ± 1.0) when compared to PAT (24.7 ± 3.9; P< 0.05)
(Figure 3A); to HS (20.2 ± 1.6; P < 0.01); and to PBT (17.5 ±
2.5), although the difference between the frequencies of PBT
and PDTwas not statistically significant (P = 0.2) (Figure 3A).
To evaluate the modulation in the frequencies of LbAg-
reactive CD8+-T cells, we performed paired analyses be-
tween the percentage of nonstimulated-total CD8+ T cells
(background - BG) and those of LbAg-stimulated CD8+ T
cells. Both PBT (BG, 21.4 ± 2.8; LbAg, 17.5 ± 2.5; P< 0.05)
and PDT (BG, 16.9 ± 1; LbAg, 13.8 ± 1; P < 0.01) showed
lower frequencies of LbAg-reactive total CD8+ T cells, more
pronounced in PDT (Figure 3C and D, respectively). On the
other hand, PAT showed a higher frequency of these cells
(BG – 17.7 ± 3.7; LbAg – 24.7 ± 3.9; P < 0.05) (Figure 3E),
showing that LbAg down-modulate CD8+ T cells during
in vitro assays with cells obtained from PBT and PDT. In
the opposite manner, LbAg up-modulate these cells in as-
says performed with cells from patients after treatment and
clinical cure. No changes on frequency of these cells were



Figure 3 In vitro analyses of total (A – E) and apoptotic (F – J) CD8+ T-lymphocyte frequency. (A and F): comparison among the percentages of
Leishmania braziliensis antigen (LbAg)-stimulated cells from HS - healthy subjects (n = 8); PBT – patients before treatment (n = 8); PDT - patients during
treatment (n = 11); and PAT - patients after treatment (n = 6). Statistical analyses were performed by Mann Whitney Test and the bars represent the mean±
standard error. (B, C, D, E, G, H, I, J): comparison between stimulated (Lb-Ag) and nonstimulated cells (BG – background) from HS; PBT; PDT and PAT,
respectively. Solid lines connect the results for the same individual. Statistical analyses were performed by paired, nonparametric Wilcoxon test. Results were
considered significant with P < 0.05. *(P < 0.05) **(P < 0.01) ***(P < 0.001).
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seen in experiments with cells from HS (BG, 18.1 ± 1.6;
LbAg, 20.2 ± 1.6) (Figure 3B).
Corroborating the results showed in ex vivo findings, we

observed higher rates of apoptotic-CD8+ T cell in cultures
with LbAg-stimulated cells from PDT (12.8 ± 1.5) compared
to PBT (4.9 ± 0.6; P < 0.01); PAT (2.9 ± 0.8; P < 0.01); and HS
(5.2 ± 1.2; P < 0.001) (Figure 3F). The paired analysis con-
firmed that the higher frequency of apoptotic-total CD8+ T
lymphocytes from PDT (BG, 6.4 ± 1.5; LbAg, 12.8 ± 1.5; P <
0.001) is antigen-dependent (Figure 3I), and could not be
seen in HS- (BG, 3.7 ± 0.7; LbAg, 5.2 ± 1.2), in PBT- (BG,
5.6 ± 0.9; LbAg, 4.9 ± 0.6) neither in PAT-in vitro experi-
ments (BG, 2.7 ± 0.6; LbAg, 2.9 ± 0.8) (Figure 3G, H and J,
respectively).
Regarding frequency of LbAg-reactive-effector CD8+ T

cells during in vitro assays, it was observed higher frequen-
cies of these cells in experiments with cells from PDT (41.8
± 3.1) and from PAT (35.8 ± 4.6) when compared to experi-
ments with cells from PBT (15.9 ± 1.3; P< 0.01) and also to
HS (13.4 ± 1.3; P< 0.01 and P < 0.001) (Figure 4A). The
modulation of frequency of these cells in the presence of
these antigens was confirmed by the paired test in which we
detected higher frequencies in PDT (BG, 33.1 ± 4; LbAg,
41.8 ± 3.1; P< 0.001) and PAT (BG, 29.8 ± 4.3; LbAg, 35.8 ±
4.6; P< 0.05) (Figure 4D and E, respectively), while PBT
(BG, 14.6 ± 1.5; LbAg, 15.9 ± 1.3; P< 0.01) and HS showed
similar frequencies among stimulated and nonstimulated
cells (BG, 11.3 ± 0.7; LbAg, 13.4 ± 1.3) (Figure 4C and B,
respectively).
Concerning the apoptotic-effector CD8+ T cells, a com-

parison among the four studied groups showed higher
percentages in PDT (28.1 ± 1.5) when compared to HS (3 ±
1.1, P < 0.001) and PBT (3.8 ± 0.7, P < 0.01). We also
observed higher frequencies in PAT (12.3 ± 1.1) when com-
pared to HS (P < 0.001) and PBT (P< 0.01) (Figure 4F). The
paired analysis have shown significant differences of
apoptotic-effector CD8+ T cells between BG and LbAg in
PDT (BG, 21.2 ± 0.9; LbAg, 28.1 ± 1.5; P < 0.001) and PAT
(BG, 9.6 ± 1; LbAg, 12.3 ± 1.1; P < 0.05) (Figure 4I and J, re-
spectively), while no significant difference was observed in
HS (BG, 1.7 ± 0.4; LbAg, 3 ± 1.1) and PBT (BG, 3.2 ± 0.7;
LbAg, 3.8 ± 0.7) (Figure 4G and Figure 4H, respectively).

Correlation analysis of effector and apoptotic-effector
CD8+ T lymphocytes with lesion size
Taking account the relationship between clinical features
and immune response in CL, we correlated the frequencies
of effector and apoptotic-effector CD8+ T lymphocytes with
lesion size. Results showed an inverse correlation between
frequencies of effector CD8+ T lymphocytes and lesion size
in PDT (r =−0.79; P < 0.001) as well as in PAT (r =−0.79;
P < 0.01). The lower the frequency of effector CD8+ T cells,
the larger the size of lesion (Figure 5B and C, respectively).
In contrary, no statistical correlation was observed between
the frequencies of effector CD8+ T lymphocytes and lesion
size in PBT (Figure 5A). These results suggest that a greater
induction of effector CD8+ T cells after the beginning of
treatment would be associated with small lesions, less
inflammatory process and minor tissue destruction. Correl-
ation analyses between lesion size and antigen-specific
CD8+ T cell were done but no statistically significant result
could be observed (data not shown).



Figure 4 In vitro analysis of effector (A – E) and apoptotic-effector (F - J) CD8+ T-lymphocyte frequencies. (A and F): comparison among the
percentages of Leishmania braziliensis antigen (LbAg)-stimulated cells from HS - healthy subjects (n = 8); PBT – patients before treatment (n = 8);
PDT - patients during treatment (n = 12); and PAT - patients after treatment (n = 6). Statistical analyses were performed by Mann Whitney Test and the
bars represent the mean ± standard error. (B, C, D, E, G, H, I, J): comparison between antigen-stimulated (Lb-Ag) and nonstimulated cells (BG –
background) from HS; PBT; PDT and PAT, respectively. Solid lines connect the results for the same individual. Statistical analyses were performed by
paired, nonparametric Wilcoxon test. Results were considered significant with P < 0.05. *(P < 0.05) **(P < 0.01) ***(P < 0.001).

Figure 5 Clinical characteristics correlated with immunological parameters from cutaneous leishmaniasis patients. Correlation between
the percentage of effector CD8+ T-lymphocytes (A, B, C) and apoptotic-effector CD8+ T-lymphocytes (D, E, F) with diameter of lesion (mm).
(A, D) PBT - patients before treatment (n = 8); (B, E) PDT – patients during treatment (n = 14); (C, F) PAT - patients after treatment (n = 11).
The graphics show fit lines with confidence curves. Statistical analyses were performed by Spearman’s correlation test. Results were considered
significant with P < 0.05.
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Earlier report of our group showed high frequencies of
apoptotic-total CD8+ Tcells in lesions of patients with active
CL compared with patients evolved to spontaneous cure [7].
Hence, became noteworthy to correlate the frequencies of
circulating-apoptotic-effector CD8+ T cells to lesion sizes in
order to identify a T cell subset implicated either protective
or deleterious role during the treatment or after clinical cure
of CL. It was observed a positive correlation between higher
frequencies of apoptotic-effector CD8+ T cells and larger le-
sion areas in PDT (r = 0.62; P< 0.05) (Figure 5E), although
there were no correlation between these parameters in PBT
and in PAT (Figure 5D and C, respectively).

Discussion
The host immune response to Leishmania is mainly medi-
ated by T cells [28]. The study of immunopathogenesis in
human CL has been based on the determination of the fre-
quency of CD4+ and CD8+ T lymphocytes and cytokine
production [13,27,29]. Earlier observations from our group
have shown that CD8+ T lymphocytes have a role in the
cure process in CL patients [7,8,10,27,30] and other reports
reinforces this hypothesis [14,31]. Conversely, some authors
have associated the CD8+ T lymphocytes to tissue injury in
CL [15] and in mucocutaneous leishmaniasis [11,12]. It is
important to note that, in all of these reports, patients were
evaluated before and after antimonial therapy not taking
into account the immunological events that happen during
treatment. In order to assess the characteristics of the im-
mune response involved in the healing process of CL pa-
tients, it is of utmost importance the evaluation of patients
during antimonial therapy. Our results showed important
differences in the CD8+ T-cell frequencies, characterizing
early and final phases of clinical cure, which seems to be
linked to antimonial therapy.
The frequency of apoptotic CD8+ T cells in HS is in ac-

cordance to the normal apoptotic rate (1–4%) as reported
elsewhere [32]. Because PDT showed higher frequencies
of apoptotic CD8+ T cells than PBT and HS, we suggest
that apoptosis of these cells could be related to the begin-
ning of therapy. The highest frequency of apoptotic CD8+

T lymphocytes observed during the antimonial treatment
could be associated to lower rate of total CD8+ T cells in
PDT, suggesting an association between apoptosis and a
down-modulation of the total CD8+ T cells. It is in accord-
ance with a previous report of our group, which have
shown that high rates of apoptotic-total CD8+ T cells was
related to active disease, while a lower frequency of
apoptotic-total CD8+ T cells is related to spontaneous cure
[7]. Brelaz et al. [27] related the key role of CD8+ T cells in
the process of healing with a significantly higher propor-
tion of circulating CD8+ T lymphocytes in spontaneously
healed patients when compared to patients before treat-
ment. Elevated frequencies of total CD8+ T cells in PAT
compared to PDT, may represent a tendency of these cells
to reestablish levels of normality at the end of treatment
and could be associated to clinical cure.
We observed an increase of apoptotic-total CD8+ T cells

and a decrease of total CD8+ T-cell frequencies in LbAg-
stimulated cultures with cells from PDT as well as from
PBT. Inversely we observed an increase of total CD8+ T-cell
frequencies in LbAg-stimulated cultures with cells from
PAT, showing that at the end of treatment, total CD8+ T
lymphocytes could expand in response to LbAg. Based in
these findings we may hypothesize that the high rates of
apoptosis observed in ex vivo total CD8+ T cells from PDT
could be triggered by expressive amount of circulating anti-
gen derived from parasite destruction caused by the
antimony.
The high frequency of LbAg-reactive total CD8+ T

lymphocytes observed after therapy corroborates data
found by Da-Cruz et al. [10,23] who suggested that the
increased levels of these cells at the end of treatment
would be associated with resolution of lesion. It is worth
to note that these studies compared patients before and
after treatment and there was a need to supplement this
information, evaluating patients during treatment. So,
the increased levels of LbAg-reactive total CD8+ T lym-
phocytes observed at the end of therapy indicate that
probably an expansion of this cell population was not
perceived at early phases of healing process. It is in ac-
cordance with others [33,34] who reported a later devel-
opment of an efficient immune response, i.e., when there
is a balanced response with control of parasite replica-
tion without tissue injury.
Despite the knowledge about the key role of CD8+ T

lymphocytes in the immune response, the evaluation of ef-
fector CD8+ T-cell subset became an imperative approach
for better understanding the specific role of these cells, in
healing process in patients under treatment [19,20,35]. Be-
sides, the relationship between frequencies of effector
CD8+ T cells and the different stages of treatment is un-
known. Taking into account that effector CD8+ T lympho-
cytes represent 10 to 40% of total-circulating CD8+ T cells
and this pool includes a variety of functionally distinct
subpopulations, an analysis of effector population can pro-
vide information about some functional characteristics of
this subset, which would be imperceptible when the ana-
lysis of total CD8+ T lymphocytes was performed.
Concerning ex vivo analysis of effector CD8+ T cell, the

highest percentage observed in PDT seems to indicate a
greater induction of this subset during the treatment. Con-
sidering that Glucantime® is a leishmanicidal drug, a higher
amount of circulating antigen during treatment might in-
duce effector CD8+ T lymphocytes and explain the higher
frequency of these cells in PDT. Some reports corroborates
this statement, as demonstrated by Meymandi et al. [36]
where clearly showed that, at their histological findings,
there was a reduction in aggregations of histiocytes,
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decreased cellular parasitic load and an important in-
creased numbers of CD3+ T cells in response to combin-
ing antimonial treatment. In another study there was an
increase in the percentage of CD8+ T cells in peripheral
blood from patients with leishmaniasis under treatment
with meglumine antimoniate [37]. Moreover, the lower
frequency of CD8+ T cells observed in PAT may be related
to a reduced antigenic stimulation, which could depict
what is happening in vivo after clinical cure.
Because effector CD8+ T lymphocytes from PDT and

PAT expanded in response to LbAg while PBT did not,
our study indicated that antimonial treatment might not
influence the involvement of effector CD8+ T lymphocytes
in the antigen-specific immune response to parasite.
Apoptosis is a physiological process of immune re-

sponses, however this phenomenon of death can also be a
modulating factor of immunopathogenesis of some disor-
ders such as Dengue, Chagas’ disease and AIDS [21,31,32].
In the present report, high apoptosis rates observed in
LbAg-stimulated effector CD8+ T cells in PDT point to
the occurrence of activation-induced cell death (AICD),
suggesting that this death phenomenon may be happening
in vivo during treatment [33]. Although PAT showed low
frequencies of effector CD8+ T lymphocytes, when com-
pared to PDT, the small rates of apoptotic-effector CD8+

T lymphocytes seem to favor to clinical cure. Moreover, in
parasitic infections the cross-talk between apoptosis of T
lymphocytes and cytokine production was associated to a
deleterious role of this death phenomenon [26].
Some authors considered that the severity of disease

could be characterized by lesion size, which is considered
as the most significant clinical feature in CL [38]. Herein,
we showed that the smaller the size of lesion, the greater
the frequency of effector CD8+ T lymphocytes in PDT and
PAT. Some authors [34] reported that the size of lesion
found in patients evaluated before therapy was directly re-
lated to activated T lymphocytes. Thus, we may postulate
that after the beginning of antimonial therapy there is a
greater induction of effector CD8+ T cells, which is in-
versely proportional to the lesion size, suggesting that a
small frequency of effector CD8+ T lymphocytes can favor
to the tissue damage. Agreeing this data, we showed that
the greater the size of lesion, the higher the frequency of
apoptotic-effector CD8+ T lymphocytes in PDT, suggest-
ing a deleterious role of this death phenomenon. This
observation corroborates with our previous report [7]
where we observed that patients evolved to spontaneous
cure were associated to small frequencies of apoptotic
CD8+ T lymphocytes. This data emphasize the protective
role of CD8+ T cells considering the severity of lesions.
Further studies are underway to determine what func-
tional characteristics these effector cells have, since they
can present cytotoxic and/or pro-inflammatory-cytokine-
producer profiles.
Conclusions
Taking together, our results showed an evident expansion
of effector CD8+ T lymphocytes in response to LbAg,
more pronounced in PDT. Changes in effector CD8+ T–
lymphocyte frequencies, during and after treatment, seem
to represent a critical stage to generate an efficient im-
mune response and suggest that these cells would be
evolved in the triggering or in the resolution of lesion,
when under the influence of therapy. Although this work
do not define the effective role of CD8+ T cells in the CL
immunopathogenesis, our findings put forth the notion
that the evolution to cure induced by antimonial therapy
implicate the effector CD8+ T lymphocytes. Moreover, our
results emphasize the protective role of CD8+ T cells con-
sidering the severity of lesions. Further studies are under-
way to determine what functional characteristics these
effector cells have, since they can present cytotoxic and/or
pro-inflammatory-cytokine-producer profiles. This new
approach of evaluating patients during treatment proved
to be very important for understanding the healing
process. Furthermore, this report might be used as a basis
for further investigations concerning antimonial therapy
and to guide vaccine investigations based on the develop-
ment of an effective cellular immune response that regu-
lates tissue damage in human cutaneous leishmaniasis.

Abbreviations
7-AAD: 7 aminoactinomycin D; AICD: Activated-induced cell death;
AIDS: Acquired immunodeficiency syndrome; APC: Allophycocyanin;
ATL: American tegumentary leishmaniasis; BD: Becton & Dickinson;
BF: Measured before treatment; BG: Background; CD: Cluster of
differentiation; CL: Cutaneous leishmaniasis; ConA: Concanavalin A;
CONEP: National Ethical Clearance Committee of Brazil; ECD: Energy couple
dye; FIOCRUZ: Oswaldo Cruz Foundation; FSC: Forward scatter;
FITC: Fluorescein Isothiocyanate; HS: Health subjects; IPEC: Evandro Chagas
Clinical Research Institute; LbAg: Leishmania braziliensis antigen;
MST: Montenegro skin test; NA: Not applicable; PAT: Patients after treatment;
PBMC: Peripheral blood mononuclear cells; PBT: Patients before treatment;
PDT: Patients during treatment; PECy7: Phycoerythrin Cyanin 7; SSC: Side
scatter.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
ALB and RF conceived and designed the study and performed statistical
analysis. RF, CFC and ALB performed the experiments. RF and ALB performed
all flow cytometry acquisition and analysis. RF and ALB analyzed and
compiled the data. AOS, MRL, MIFP and CMVR took patient care. SCFM, AGS
and AMDC contributed reagents and drafted the manuscript. RF and ALB
wrote the final version of manuscript. All authors read and approved the
final manuscript.

Authors’ informations
ALB is Senior Scientist, PhD, Vice-Head at Lab. of Immunoparasitology,
Oswaldo Cruz Institute, FIOCRUZ and Coordinator of Flow Cytometry Core
Facility at Oswaldo Cruz Institute, FIOCRUZ, Rio de Janeiro, Brazil; Member of
ISAC – International Society for Advancement of Cytometry. RF is PhD
student received scholarship from CAPES (Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior); Supervisor at Flow Cytometry Core Facility at
Oswaldo Cruz Institute, FIOCRUZ, Rio de Janeiro, Brazil.
CFC is PhD student and received scholarship from CNPq (Conselho Nacional
de Pesquisa). AMDC is Senior Scientist, PhD, investigators from CNPq. AOS is



Ferraz et al. BMC Infectious Diseases  (2015) 15:74 Page 10 of 11
investigator from FAPERJ (Fundação de Amparo à Pesquisa do Estado do Rio
de Janeiro). SCFM is Senior Scientist, PhD and Head of Lab. of
Immunoparasitology, Oswaldo Cruz Institute, FIOCRUZ. AGS is postdoctoral
student.

Acknowledgements
The authors would like to thank Platform of Flow Cytometry, IOC-FIOCRUZ and
Platform of Flow Cytometry, PDTIS-FIOCRUZ for flow cytometry acquisitions; to
Dr. Marise Nunes (IOC-FIOCRUZ, Rio de Janeiro, Brazil) and Dr. Paula De-Luca
(IOC-FIOCRUZ, Rio de Janeiro, Brazil) for donation of some reagents.
This research was supported by an internal funding from IOC-FIOCRUZ and
PROEP-CNPq-IOC (402557/211-5). The funding agencies had no role in study
design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Author details
1Laboratory of Immunoparasitology, Oswaldo Cruz Institute, FIOCRUZ, Rio de
Janeiro, RJ, Brazil. 2Flow Cytometry Sorting Core, Oswaldo Cruz Institute,
FIOCRUZ, Rio de Janeiro, RJ, Brazil. 3Laboratory of Interdisciplinary Medical
Research, Oswaldo Cruz Institute, FIOCRUZ, Rio de Janeiro, RJ, Brazil.
4Laboratory of Surveillance for Leishmaniasis, Evandro Chagas National
Infectology Institute, FIOCRUZ, Rio de Janeiro, RJ, Brazil. 5Department of
Otolaryngology and Ophthalmology, Medicine College, Federal University of
Rio de Janeiro, Rio de Janeiro, RJ, Brazil. 6Laboratory of Immunoparasitology
and Flow Cytometry Sorting Core, Oswaldo Cruz Institute, FIOCRUZ, Av.
Brasil, 4365, Manguinhos, Pavilhão Leônidas Deane, sala 408-A, CEP:
21040-900 Rio de Janeiro, RJ, Brasil.

Received: 7 August 2014 Accepted: 4 February 2015

References
1. WHO. WHO Technical Report Series 949. Control of Leishmaniases. [internet].

WHO. Available from: http://whqlibdoc.who.int/trs/WHO_TRS_949_eng.pdf?ua=1
2. De Oliveira-Neto MP, Mattos MS, Perez MA, Da-Cruz AM, Fernandes O,

Moreira J, et al. American tegumentary leishmaniasis (ATL) in Rio de Janeiro
State, Brazil: main clinical and epidemiologic characteristics. Int J Dermatol.
2000;39(7):506–14.

3. Convit J, Ulrich M, Fernández CT, Tapia FJ, Cáceres-Dittmar G, Castés M,
et al. The clinical and immunological spectrum of American cutaneous
leishmaniasis. Trans R Soc Trop Med Hyg. 1993;87(4):444–8.

4. Machado P, Araújo C, Da Silva AT, Almeida RP, D’Oliveira Jr A, Bittencourt A,
et al. Failure of early treatment of cutaneous leishmaniasis in preventing the
development of an ulcer. Clin Infect Dis Off Publ Infect Dis Soc Am.
2002;34(12):E69–73.

5. Mendonca SC, De Luca PM, Mayrink W, Restom TG, Conceicao-Silva F,
Da-Cruz AM, et al. Characterization of human T lymphocyte-mediated
immune responses induced by a vaccine against American tegumentary
leishmaniasis. Am J Trop Med Hyg. 1995;53(2):195–201.

6. De Luca PM, Mayrink W, Alves CR, Coutinho SG, Oliveira MP, Bertho AL,
et al. Evaluation of the stability and immunogenicity of autoclaved and
nonautoclaved preparations of a vaccine against American tegumentary
leishmaniasis. Vaccine. 1999;17(9–10):1179–85.

7. Bertho AL, Santiago MA, Da-Cruz AM, Coutinho SG. Detection of early
apoptosis and cell death in T CD4+ and CD8+ cells from lesions of patients
with localized cutaneous leishmaniasis. Braz J Med Biol Res Rev Bras Pesqui
Médicas E Biológicas Soc Bras Biofísica Al. 2000;33(3):317–25.

8. Da-Cruz AM, Bertho AL, Oliveira-Neto MP, Coutinho SG. Flow cytometric
analysis of cellular infiltrate from American tegumentary leishmaniasis
lesions. Br J Dermatol. 2005;153(3):537–43.

9. Hernández-Ruiz J, Salaiza-Suazo N, Carrada G, Escoto S, Ruiz-Remigio A,
Rosenstein Y, et al. CD8 cells of patients with diffuse cutaneous leishmania-
sis display functional exhaustion: the latter is reversed, in vitro, by TLR2
agonists. PLoS Negl Trop Dis. 2010;4(11):e871.

10. Da-Cruz AM, Bittar R, Mattos M, Oliveira-Neto MP, Nogueira R, Pinho-Ribeiro
V, et al. T-cell-mediated immune responses in patients with cutaneous or
mucosal leishmaniasis: long-term evaluation after therapy. Clin Diagn Lab
Immunol. 2002;9(2):251–6.

11. Barral-Netto M, Barral A, Brodskyn C, Carvalho EM, Reed SG. Cytotoxicity in
human mucosal and cutaneous leishmaniasis. Parasite Immunol.
1995;17(1):21–8.
12. Brodskyn CI, Barral A, Boaventura V, Carvalho E, Barral-Netto M. Parasite-
driven in vitro human lymphocyte cytotoxicity against autologous infected
macrophages from mucosal leishmaniasis. J Immunol Baltim Md 1950.
1997;159(9):4467–73.

13. Coutinho SG, Pirmez C, Da-Cruz AM. Parasitological and immunological
follow-up of American tegumentary leishmaniasis patients. Trans R Soc Trop
Med Hyg. 2002;96 Suppl 1:S173–8.

14. Toledo VP, Mayrink W, Gollob KJ, Oliveira MA, Costa CA, Genaro O, et al.
Immunochemotherapy in American cutaneous leishmaniasis:
immunological aspects before and after treatment. Memórias Inst Oswaldo
Cruz. 2001;96(1):89–98.

15. da Santos C. S, Boaventura V, Ribeiro Cardoso C, Tavares N, Lordelo MJ,
Noronha A, et al. CD8(+) Granzyme B(+)-Mediated Tissue Injury Versus CD4
(+)IFNγ(+)-Mediated Parasite Killing in Human Cutaneous Leishmaniasis.
J Invest Dermatol. 2013;133(6):1533–40.

16. Gautam S, Kumar R, Singh N, Singh AK, Rai M, Sacks D, et al. CD8 T cell
exhaustion in human visceral leishmaniasis. J Infect Dis. 2014;209(2):290–9.

17. Nylén S, Gautam S. Immunological perspectives of leishmaniasis. J Glob
Infect Dis. 2010;2(2):135–46.

18. Appay V, Jandus C, Voelter V, Reynard S, Coupland SE, Rimoldi D, et al. New
generation vaccine induces effective melanoma-specific CD8+ T cells in the
circulation but not in the tumor site. J Immunol Baltim Md 1950.
2006;177(3):1670–8.

19. Hamann D, Kostense S, Wolthers KC, Otto SA, Baars PA, Miedema F, et al.
Evidence that human CD8 + CD45RA + CD27- cells are induced by antigen
and evolve through extensive rounds of division. Int Immunol.
1999;11(7):1027–33.

20. Hamann D, Baars PA, Rep MHG, Hooibrink B, Kerkhof-Garde SR, Klein MR,
et al. Phenotypic and functional separation of memory and effector human
CD8+ T cells. J Exp Med. 1997;186(9):1407–18.

21. Bretschneider I, Clemente MJ, Meisel C, Guerreiro M, Streitz M, Hopfenmüller
W, et al. Discrimination of T-cell subsets and T-cell receptor repertoire
distribution. Immunol Res. 2014;58(1):20–7.

22. Nakamura R, La Rosa C, Tsai W, Lacey SF, Srivastava T, Seidel A, et al. Ex vivo
detection of CD8 T cells specific for H-Y minor histocompatibility antigens
in allogeneic hematopoietic stem cell transplant recipients.
Transpl Immunol. 2014;30(4):128–35.

23. Lopes MF, da Veiga VF, Santos AR, Fonseca ME, DosReis GA. Activation-
induced CD4+ T cell death by apoptosis in experimental Chagas’ disease.
J Immunol Baltim Md 1950. 1995;154(2):744–52.

24. Nunes MP, Andrade RM, Lopes MF, DosReis GA. Activation-induced T cell
death exacerbates Trypanosoma cruzi replication in macrophages
cocultured with CD4+ T lymphocytes from infected hosts. J Immunol Baltim
Md 1950. 1998;160(3):1313–9.

25. DosReis GA, Lopes MF. The importance of apoptosis for immune regulation
in Chagas disease. Memórias Inst Oswaldo Cruz. 2009;104 Suppl 1:259–62.

26. DosReis GA, Ribeiro-Gomes FL, Guillermo LVC, Lopes MF. Cross-talk between
apoptosis and cytokines in the regulation of parasitic infection.
Cytokine Growth Factor Rev. 2007;18(1–2):97–105.

27. Da-Cruz AM, Conceição-Silva F, Bertho AL, Coutinho SG. Leishmania-reactive
CD4+ and CD8+ T cells associated with cure of human cutaneous
leishmaniasis. Infect Immun. 1994;62(6):2614–8.

28. Liew FY, Xu D, Chan WL. Immune effector mechanism in parasitic infections.
Immunol Lett. 1999;65(1–2):101–4.

29. Pereira-Carvalho R, Mendes-Aguiar CO, Oliveira-Neto MP, Covas CJF, Bertho
AL, Da-Cruz AM, et al. Leishmania braziliensis-reactive T cells Are down-
regulated in long-term cured cutaneous leishmaniasis, but the renewal
capacity of T effector memory compartments is preserved. PloS One.
2013;8(11):e81529.

30. Coutinho SG, Da-Cruz AM, Bertho AL, Santiago MA, De-Luca P. Immunologic
patterns associated with cure in human American cutaneous leishmaniasis.
Braz J Med Biol Res Rev Bras Pesqui Médicas E Biológicas Soc Bras Biofísica
Al. 1998;31(1):139–42.

31. Brelaz-de-Castro MCA, de Almeida AF, de Oliveira AP, de Assis-Souza M, da
Rocha LF, Pereira VRA. Cellular immune response evaluation of cutaneous
leishmaniasis patients cells stimulated with Leishmania (Viannia) braziliensis
antigenic fractions before and after clinical cure. Cell Immunol.
2012;279(2):180–6.

32. Herbein G, Mahlknecht U, Batliwalla F, Gregersen P, Pappas T, Butler J, et al.
Apoptosis of CD8+ T cells is mediated by macrophages through interaction of
HIV gp120 with chemokine receptor CXCR4. Nature. 1998;395(6698):189–94.

http://whqlibdoc.who.int/trs/WHO_TRS_949_eng.pdf?ua=1


Ferraz et al. BMC Infectious Diseases  (2015) 15:74 Page 11 of 11
33. Bittar RC, Nogueira RS, Vieira-Gonçalves R, Pinho-Ribeiro V, Mattos MS,
Oliveira-Neto MP, et al. T-cell responses associated with resistance to
Leishmania infection in individuals from endemic areas for Leishmania
(Viannia) braziliensis. Memórias Inst Oswaldo Cruz. 2007;102(5):625–30.

34. Schriefer A, Wilson ME, Carvalho EM. Recent developments leading toward
a paradigm switch in the diagnostic and therapeutic approach to human
leishmaniasis. Curr Opin Infect Dis. 2008;21(5):483–8.

35. Baars PA, Sierro S, Arens R, Tesselaar K, Hooibrink B, Klenerman P, et al.
Properties of murine (CD8+)CD27- T cells. Eur J Immunol. 2005;35(11):3131–41.

36. Meymandi SS, Javadi A, Dabiri Shahriar S, Meymandi MS, Nadji M. Comparative
histological and immunohistochemical changes of Dry type cutaneous
leishmaniasis after administration of meglumine antimoniate, imiquimod or
combination therapy. Archives of Iranian Medicine. 2011;14:238–43.

37. Mohajery M, Shamsian A, Mahmoodi M. Tc1 cells percentage in patients
with cutaneous leishmaniasis before and after treatment with glucantime.
Iranian J Publ Health. 2007;36:55–61.

38. Oliveira F, Bafica A, Rosato AB, Favali CBF, Costa JM, Cafe V, et al. Lesion size
correlates with leishmania antigen-stimulated TNF-levels in human cutaneous
leishmaniasis. Am J Trop Med Hyg. 2011;85(1):70–3.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Groups
	Ethics statement
	Ex vivo and in�vitro phenotypic and apoptotic assays
	Cell surface and apoptosis staining protocol
	Flow cytometry
	Statistical analysis

	Results
	Frequency of total and effector CD8+ T cells
	Apoptosis of total and effector CD8+ T cells
	Leishmania braziliensis-reactive CD8+ T lymphocytes
	Correlation analysis of effector and apoptotic-effector CD8+ T lymphocytes with lesion size

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ informations
	Acknowledgements
	Author details
	References

