
596 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 110(5): 596-605, August 2015

online | memorias.ioc.fiocruz.br

T-cell receptor Vβ repertoire of CD8+ T-lymphocyte subpopulations in 
cutaneous leishmaniasis patients from the state of Rio de Janeiro, Brazil
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In human cutaneous leishmaniasis (CL), the immune response is mainly mediated by T-cells. The role of CD8+ T-
lymphocytes, which are related to healing or deleterious functions, in affecting clinical outcome is controversial. The 
aim of this study was to evaluate T-cell receptor diversity in late-differentiated effector (LDE) and memory CD8+ T-cell 
subsets in order to create a profile of specific clones engaged in deleterious or protective CL immune responses. Healthy 
subjects, patients with active disease (PAD) and clinically cured patients were enrolled in the study. Total CD8+ T-lym-
phocytes showed a disturbance in the expression of the Vβ2, Vβ9, Vβ13.2, Vβ18 and Vβ23 families. The analyses of CD8+ 
T-lymphocyte subsets showed high frequencies of LDE CD8+ T-lymphocytes expressing Vβ12 and Vβ22 in PAD, as well as 
effector-memory CD8+ T-cells expressing Vβ22. We also observed low frequencies of effector and central-memory CD8+ 
T-cells expressing Vβ2 in PAD, which correlated with a greater lesion size. Particular Vβ expansions point to CD8+ T-cell 
clones that are selected during CL immune responses, suggesting that CD8+ T-lymphocytes expressing Vβ12 or Vβ22 are 
involved in a LDE response and that Vβ2 contractions in memory CD8+ T-cells are associated with larger lesions.

Key words: Vβ repertoire - human cutaneous leishmaniasis - flow cytometry - CD8+ T-lymphocyte - TCR - Leishmania braziliensis

doi: 10.1590/0074-02760150039
Financial support: IOC-FIOCRUZ, PROEP-CNPq-IOC 
(402557/211-5), FAPERJ APQ-1 (E-26/110.332/2014)
RF is a PhD student and received scholarship from CAPES, CFC is a 
PhD student and received scholarship from CNPq, AOS is an investi-
gator from FAPERJ and a fellowship researcher, SCFM is a CNPq 
fellowship researcher, AMD-C is a CNPq and FAPERJ (JCNE) 
fellowship researcher.
+ Corresponding author: alvaro.bertho@ioc.fiocruz.br
Received 27 January 2015
Accepted 21 May 2015

Leishmaniasis is ranked as the ninth major infectious 
disease in the world (Alvar et al. 2012). In Brazil, human 
cutaneous leishmaniasis (CL) is habitually registered in 
all states and is endemic in Rio de Janeiro (RJ), where it is 
caused mainly by Leishmania (Viannia) braziliensis, (de 
Oliveira-Neto et al. 2000, WHO 2010). A better under-
standing regarding the phenomena that occur during the 
T-cell immune response to Leishmania is crucial for pros-
pecting the immunopathogenesis outcome (Reithinger et 
al. 2007). The course of disease is determined by the na-
ture and magnitude of the immune response orchestrated 
by specific T-lymphocytes, which must be activated by 
antigen presentation and cytokines to completely perform 
their function (Silveira et al. 2009). Although CD4+ T-
lymphocytes orchestrate the cellular immune response in 
CL, CD8+ T-lymphocytes seem to be directly related to 

the destruction of infected cells, acting not only via cyto-
toxic activity by secreting cytolytic granules, but also via 
interferon (IFN)-γ production, though there is controver-
sy pertaining to the beneficial or deleterious role of these 
cells (Pirmez 1992, Da-Cruz et al. 1994, Barral-Netto 
et al. 1995, Mendonça et al. 1995, Coutinho et al. 1998, 
2002, Bertho et al. 2000, Toledo et al. 2001, Bousoffara et 
al. 2004, Rostami et al. 2010b, Viola et al. 2010, Keesen et 
al. 2011, de Oliveira & Brodskyn 2012, Novais et al. 2013, 
Santos et al. 2013, Cardoso et al. 2015).

Because specific T-lymphocyte responses against Leish-
mania antigens are responsible for the induction of protec-
tive and pathogenic immune responses in human CL, an 
understanding of which CD8+ T-cell subsets are involved in 
this response will aid in understanding the immunological 
response to Leishmania parasites (Keesen et al. 2011).

T-lymphocytes are characterised by the expression 
of T-cell receptor (TCR), which is linked to the CD3 
molecule. In this molecular complex (TCR-CD3), the 
TCR is the antigen recognition unit, whereas CD3 is the 
signal transduction driver of T-lymphocytes. The TCR 
is specialised to recognise complex molecular com-
pounds by the intracellular peptides presented by the 
major histocompatibility complex molecules or CD1 
and it is unable to recognise soluble antigens (Meuer et 
al. 1983). Different TCRs comprise the repertoire of T-
lymphocytes, ensuring that a variety of nonself peptides 
are recognised, which allows for specifically selected 
clones to proliferate and participate in the adaptive im-
mune response (Lennon et al. 2000, Viola et al. 2010). 
The TCR is a heterodimer consisting of two covalently 
linked glycoprotein chains. Most T-lymphocytes express 
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αβ TCR type (90-99%), whereas a minority expressed 
the γδ TCR type. The requirement to recognise a variety 
of antigens by TCR diversity is generated during T-cell 
ontogeny in the thymus. The variability among differ-
ent TCRs is determined by the variable domain of the 
α and β chains (Kimura et al. 1987, van der Merwe & 
Davis 2003). The ability of T-lymphocytes to detect, re-
move and remember a variety of antigens found in vari-
ous pathogens is due to the extraordinary diversity of 
the receptors’ repertoire and its capacity to distinguish 
different peptide sequences, triggering a cascade of im-
munological events (Murre 2007).

The T-lymphocyte Vβ repertoire, which is usually 
determined by molecular biology assays (Pantaleo et al. 
1994, Ria et al. 2001), has also been studied by flow cy-
tometry, particularly to assess its ability to gather phe-
notypic profile information of TCR diversity, allowing 
the Vβ repertoire to be analysed from a small number 
of samples, optimising such a study (van den Beemd et 
al. 2000, Menezes et al. 2004, Giacoia-Gripp et al. 2005, 
Clarêncio et al. 2006, Keesen et al. 2011, Bretschneider 
et al. 2014). The phenotypic changes which character-
ise the process of cellular differentiation have also been 
exploited for the identification of lymphocyte subpopu-
lations by flow cytometry, using combinations of mono-
clonal antibodies such as anti-CD45RA, anti-CD45RO, 
anti-CD27, anti-CD28, anti-CCR7 and anti-CD62L (Ha-
mann et al. 1997, Sallusto et al. 1999, 2000, Baars et al. 
2000, Campbell et al. 2009, Libri et al. 2011, Bretsch-
neider et al. 2014). In this scenario, flow cytometry has 
proven to be suitable and indispensable for the pheno-
typic/functional study of diverse cell populations, allow-
ing for the determination of characteristics and immu-
nological phenomena in samples obtained from humans 
and experimental models. Moreover, the TCR/Vβ rep-
ertoire analysis in blood can provide strong evidence of 
clonality, particularly when a single expanded Vß family 
is detected (Salameire et al. 2012).

Different distribution profiles in the TCR/Vβ rep-
ertoire have been linked to the immunopathogenesis of 
several diseases, such as acquired immune deficiency 
syndrome (Giacoia-Gripp et al. 2005), multiple sclerosis 
(Hong et al. 1999), rheumatoid arthritis (Plasilova et al. 
2003) and Chagas disease (Costa et al. 2000, Menezes et 
al. 2004). In CL, few studies have been conducted to eval-
uate possible changes in the TCR/Vβ repertoire profile 
in T-lymphocytes (Uyemura et al. 1993, Clarêncio et al. 
2006, Keesen et al. 2011). Moreover, there is no literature 
on CL that describes any profile of the TCR/Vβ repertoire 
in CD8+ T-lymphocyte subsets, allowing for the assess-
ment of preferentially induced cell clones, which may par-
ticipate in the immune response against Leishmania.

Therefore, the goal of this study was to determine the 
frequency of distinct CD8+ T-lymphocyte subsets [late-
differentiated effector (LDE), central memory (CM) and 
effector memory (EM)] obtained from patients with active 
CL disease and clinically cured patients (PCC) in order to 
increase our understanding of the immune responses as-
sociated with the progression of human CL and its heal-
ing process. We also measured correlations between the 
frequency of these subpopulations expressing diverse Vβ 
chains and clinical indicators of human CL.

SUBJECTS, MATERIALS AND METHODS

Ethics statement - This study was in accordance with 
the ethical standards of the National Ethical Clearance 
Committee of Brazil as well as with the Ethical Commit-
tee for Human Research of the Oswaldo Cruz Founda-
tion (CEP-FIOCRUZ) and the Evandro Chagas Clinical 
Research Institute (CEP-IPEC/FIOCRUZ) and with the 
Helsinki Declaration of 1975, as revised in 1983. Written 
informed consent was obtained from all volunteers prior 
to blood collection.

Patients and controls - The study included healthy 
subjects (HS) (n = 18) and two cohorts of CL patients: 
patients with active disease (PAD) (n = 14), showing ul-
cerated skin lesions, and PCC (n = 11), evaluated eighty 
day after the beginning of treatment, at which time clini-
cal cure was defined as full epithelialisation of ulcerated 
lesions, regression of crust, desquamation and infiltra-
tion. All adults included were between 18-60 years of 
age with a mean age of 35.1 ± 13.2 years.

All HS enrolled in this study were from nonendemic 
areas in RJ, showing neither a previous history of leish-
maniasis nor any other comorbidity. All CL patients 
resided in RJ (de Oliveira-Neto et al. 2000) and were 
recruited at the Leishmaniasis Surveillance Laboratory, 
IPEC/FIOCRUZ.

The diagnosis of leishmaniasis was based on clinical 
and epidemiological evidence; positive Montenegro skin 
test (MST) and parasitological exams. All patients were 
submitted to meglumine antimoniate treatment independ-
ent of their enrolment in our study, according to the guide-
lines of the Brazilian Ministry of Health (SVS/MS 2010). 
We investigated clinical and epidemiologic information, 
such as age, sex, number and diameter of lesion at active 
phase and evolution period. Patients who presented with 
comorbidity, reactivation of CL, reinfection or nonresponse 
to antimonial therapy were excluded from the study.

Analysis of the Vβ repertoire and cell phenotyping 
- Venous blood was collected from CL patients and HS 
in heparinised tubes and peripheral blood mononuclear 
cells (PBMC) were obtained by Ficoll-Hypaque density 
gradient centrifugation (Sigma Aldrich, USA). Vβ rep-
ertoire and cell phenotype staining was performed as 
previously described (Barral-Netto et al. 1995). In brief, 
we performed six-colour cell surface staining using the 
IOTest Beta Mark TCR-Vβ Repertoire kit (Beckman 
Coulter Inc, USA), which contains eight tubes with three 
antibodies in each against the following TCR-Vβ chains: 
Vβ1, Vβ2, Vβ3, Vβ4, Vβ5.1, Vβ5.2, Vβ5.3, Vβ7.1, Vβ7.2, 
Vβ8, Vβ9, Vβ11, Vβ12, Vβ13.1, Vβ13.2, Vβ13.6, Vβ14, 
Vβ16, Vβ17, Vβ18, Vβ20, Vβ21.3, Vβ22, Vβ23 belong-
ing to 19 of 26 Vβ human families known. These 24 Vβ 
chains cover 70% of the T-lymphocyte TCR-Vβ reper-
toire in a normal individual. The staining protocol includ-
ed one aliquot of the Vβ repertoire kit, which combines 
TCR antibodies labelled with fluorescein isothiocyanate 
(FITC), phycoerythrin (PE) or both PE and FITC, with 
one aliquot of each monoclonal antibody anti-CD8 al-
lophycocyanine (APC), anti-CD45RA PE-Texas Red, 
anti-CD27 PE-cyanine 7 (Beckman Coulter) and anti-
CD3 APC-cyanine 7 (BD Biosciences, USA). This anti-
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body combination allowed us to simultaneously identify 
the Vβ repertoire of total CD8+ T-lymphocytes and the 
Vβ repertoire of naïve, LDE, CM and EM subsets. The 
staining was performed in phosphate-buffered saline 
containing 0.1% sodium azide (Sigma Aldrich) and 2% 
foetal calf serum (Sigma Aldrich) and incubated for 30 
min at 4ºC, protected from light and finally washed for 
subsequent acquisition in a flow cytometer.

Flow cytometry - Fifty-thousand events were acquired 
in by Beckman Coulter Cyan ADP (Beckman Coulter) or 
BD FACSAria II (Becton & Dickinson, USA) flow cy-
tometers. All flow cytometry data were analysed using 
Kaluza 1.2 software (Beckman Coulter) where the distri-
bution of the CD8+ T-lymphocyte TCR-Vβ repertoire was 
determined. In this manner, the total CD8+ T-lymphocytes 
was determined in a CD3 vs. CD8 dot-plot created from a 
region encompassing lymphocyte population in a side vs. 
forward dot-plot. To evaluate naïve, LDE, CM and EM 
CD8+ T-lymphocyte subsets, a CD27 vs. CD45RA dot-
plot was created based on CD3+CD8+ region. Simultane-
ously, TCR-Vβ repertoire distributions were determined 
by analysing the frequency of 24 Vβ families, three for 
each staining tube based on FITC vs. PE dot-plot, gated 
on five different populations: total, naïve, LDE, CM and 
EM CD8+ T-cell subsets (Fig. 1). To ensure confidence 
in cytofluorimetric Vβ analyses from different dates, 
the limits for the regions created in Vβ dot-plots, quad-
rant markers and histograms were set, each time, based 

on nonstaining cells and negative isotypic controls. Ad-
ditionally, fluorescence compensation adjustments were 
performed based on single-labelled samples.

Statistical analysis - For a comparison of the means 
between groups, the Mann-Whitney U nonparametric 
test was applied. The differences were considered sta-
tistically significant when p < 0.05. Correlation analyses 
were performed using Spearman’s correlation coeffi-
cient and were reported with its associated r and p-value. 
All statistical calculations and graphical representations 
of data were obtained using the GraphPad Prism v.5.0 
software (GraphPad Software Inc, USA).

RESULTS

Clinical characteristics of CL patients - All patients 
were from endemic areas in RJ and were included in this 
study after informed consent and donation of peripheral 
blood. All CL patients received Glucantime® therapy, 
as suggested by the Brazilian Ministry of Health (SVS/
MS 2010) and, at the end of therapy, all of them showed 
epithelialised lesions with an absence of erythema and 
were considered clinically cured. All patients presented 
with a positive MST. The duration of lesion ranged from 
one-six months and the largest measured diameter of the 
ulcers varied from 15-60 mm (mean 42.18 ± 12.51 mm). 
Basic demographic and clinical information of the stud-
ied groups are summarised in Table.

Fig. 1: representative flow cytometry protocol to determine Vβ repertoire of total CD8+ T-lymphocyte and subpopulations. Peripheral blood mono-
nuclear cells from cutaneous leishmaniasis patients were stained ex vivo with CD3-allophycocyanine-cyanine (APC) 7, CD8-APC, CD45RA-PE-
Texas Red, CD27-PE-cyanine 7 and 24 different anti-Vβ monoclonal antibodies conjugated with fluorescein isothiocyanate (FITC), phycoerythrin 
(PE) and FITC-PE. The lymphocytes were gated on forward (FSC) vs. side (SSC) scatter dot-plot (A) and CD8+ T-lymphocytes were defined by 
double positive staining to CD3 and CD8 (CD3+CD8+) (B). Based on lymphocyte gate we analysed the expression of three different Vβ families 
(in each of the 8 tubes) (C) and CD8+ T lymphocyte subsets were defined by CD45RA and CD27 staining as late-differentiated effector (LDE) 
(CD45RA+CD27-), early-differentiated (naïve) (CD27+CD45RA+), late-differentiated effector memory (EM) (CD45RA-CD27-) and central memory 
(CM) (CD45RA-CD27+) (D). We also performed the Vβ analysis of naïve (E), LDE (F), EM (G) and CM (H) CD8+ T-lymphocytes.
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Definition of TCR-Vβ repertoire of total CD8+ T-
lymphocytes - Due to the diversity of the CD8+ T-lym-
phocyte TCR repertoire, the antigenic specificity of 
these cells and the role they play in a CL-associated im-
mune response is of fundamental importance to assess 
the preferential expression of certain clones, associating 
them with active disease and the healing process.

To this end, we determined the frequency of total 
CD8+ T-lymphocytes expressing 24 TCR Vβ chains in 
CL PAD and PCC as well as in HS. In these three groups, 
we observed a polyclonal distribution of these Vβ fami-
lies. In a comparative analysis between groups, we ob-
served a significant difference in frequencies of total 
CD8+ T-lymphocytes expressing Vβ2, Vβ9, Vβ13.2, Vβ18 
and Vβ23 chains in PAD compared to HS and/or to PCC 
(Fig. 2). PAD showed lower frequencies of CD8+ T-cells 
expressing Vβ2 (mean 2.5% ± 1.9%) and Vβ13.2 regions 
(mean 1.8% ± 1.5%) compared to HS (Vβ2: mean 5.6% ± 
3.1%; Vβ13.2: mean 3.8% ± 1.6%; p < 0.01 and p < 0.05, 
respectively). Conversely, PAD showed higher frequen-
cies of CD8+ T-lymphocytes expressing Vβ9 (mean 2.9% 
± 0.6%) and Vβ18 (mean 1.8% ± 0.4%) when compared 
to HS (Vβ9: mean 0.6% ± 0.1%; Vβ18: 0.3% ± 0.1%; p < 
0.05 and p < 0.01, respectively). These results suggest 
that during the active phase of disease there is a down-
modulation in the frequencies of CD8+ T-lymphocytes 
expressing Vβ2 and Vβ13.2 and an up-modulation of 
CD8+ T-lymphocytes expressing Vβ9 and Vβ18. In PCC, 
the normal distribution of Vβ18 appears to be restored, 
whereas frequencies of CD8+ T-lymphocytes express-
ing Vβ9 remain high. In contrast, PCC showed higher 
frequencies of total CD8+ T-lymphocytes expressing 
Vβ18 (mean: 1.3% ± 0.4%) and Vβ23 (mean 4.1% ± 1.7%) 
when compared to HS (Vβ18: mean 0.3% ± 0.1%; Vβ23: 
mean 1.3% ± 1%; p < 0.05 and p < 0.01, respectively), 
whereas the frequency of CD8+ T-lymphocytes express-
ing Vβ13.2 was higher (3.6% ± 0.85%) when compared to 
PAD (mean 1.8% ± 1.5%; p < 0.05) (Fig. 2).

Evaluation of TCR-Vβ repertoire of memory, LDE 
and naïve CD8+ T-lymphocyte subsets - To evaluate a 
link between the type of CD8+ T subsets and the di-
versity of the Vβ repertoire of these cells, we also 

performed a detailed analysis of the distribution and 
alterations of Vβ repertoire in naïve and LDE, CM 
and EM CD8+ T-lymphocytes in CL patients and HS. 
These frequencies were obtained by a gating strategy 

TABLE
Clinical information of patients included in this study

HS PAD PCC

Volunteers (n)
Sex (M/F)

18
11/7

14
9/5

11
8/3

Age (years) 29 ± 9.7 35.7 ± 13.4 41 ± 15.1
Lesions (n) NA 1 1
Diameter of lesion [(mm) mean ± SD] NA 42 ± 12.51 41.4 ± 13.98
MST (mm)
Duration of disease [(months) median (range)]

NA
NA

11.71 ± 3.6
2 (1-6)

12.3 ± 3.68
2 (1-5)

HS: healthy subjects; M/F: male/female; MST: Montenegro skin test; NA: not applicable; PAD: patients with active disease; PCC: 
patients clinical cured; SD: standard deviation.

Fig. 2: 24 Vβ chain repertoire profile of total CD8+ T-lymphocytes. A: 
Vβ chains 1-7.1; B: Vβ chains 7.2-13.6; C Vβ chains 14-23. Statistical 
analyses were performed by Mann-Whitney U test. Results were con-
sidered significant when p < 0.05. HS: healthy individuals (white bars; 
n = 18); PAD: patients with active disease (grey bars; n = 14); PCC: 
patients clinically cured (black bars; n = 11); *: p < 0.05; **: p < 0.01.
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according to the expression of CD45RA and/or CD27 
(see Subjects, Materials and Methods): CD27+CD45RA+ 
(naïve), CD45RA+CD27- (LDE), CD45RA-CD27- (EM) 
and CD45RA-CD27+ (CM) (Fig. 1). The subset analysis 
showed a polyclonal distribution of TCR Vβ repertoires; 
hence, all 24 Vβ chains were expressed in the TCR of 
these four subpopulations (data not shown).

Frequencies of LDE CD8+ T-lymphocytes express-
ing Vβ12 and Vβ22 in CL patients - An analysis of the 
Vβ repertoire of LDE CD8+ T-lymphocytes revealed that 
two Vβ families appeared to expand in the LDE CD8+ T-
lymphocyte subset from CL patients. PAD showed high-
er frequencies of LDE CD8+ T-lymphocytes expressing 
Vβ12 (mean 3.8% ± 1.5%), when compared to both HS 
(mean 1.1% ± 0.8%; p < 0.001) and PCC (mean 2.3% ± 
1.1%; p < 0.05) (Fig. 3A). Similarly, the frequency of 
LDE CD8+ T-lymphocytes expressing Vβ22 was high-
er in PAD (mean 2.1% ± 1.5%) when compared to HS 
(mean 0.2% ± 0.5%; p < 0.001) and to PCC (mean 1.7% ± 
0.9%; p < 0.01) (Fig. 3B).

CL patients exhibited higher frequencies of EM CD8+ 

T-cell subsets expressing Vβ22 and lower frequencies of 
both EM and CM CD8+ T-cell subsets expressing Vβ2 - 
Evaluating EM CD8+ T-lymphocytes expressing Vβ22, 
we observed a pronounced clonal expansion in the ac-
tive CL, as PAD showed higher frequencies (mean 2.6% 
± 0.1%) when compared to HS (mean 0.7% ± 0.1%; p < 
0.001). Notably, PCC (mean 0.9% ± 0.3%) showed similar 
frequencies of this subset in expressing Vβ22 when com-
pared to HS and lower frequencies compared to PAD (p < 
0.01) (Fig. 4A). In contrast, EM CD8+ T-cells expressing 
Vβ2 have lower frequencies in PAD (mean 1.6% ± 0.4%; p 
< 0.01) and also in PCC (mean 0.9% ± 0.2; p < 0.01) when 
compared to HS (3.3% ± 0.3%) (Fig. 4B). This contrac-
tion of the Vβ2 family was also observed in CM CD8+ T-
lymphocytes from PCC (mean 2.4% ± 0.4%) and in PAD 
(mean 1.4% ± 0.3%), showing lower frequencies of these 
cells when compared to HS (mean 4.5% ± 0.3%; p < 0.01 
and p < 0.001, respectively) (Fig. 4C). Another contrac-

tion could also be observed in CM CD8+ T-lymphocyte 
clones expressing Vβ 13.2, as PAD presented lower fre-
quencies of these cells (mean 0.9% ± 0.2%) when com-
pared to both HS (mean 2.2% ± 0.3%; p < 0.01) and PCC 
(mean 2.6% ± 0.3%; p < 0.001) (Fig. 4D).

Lower frequencies of CD8+ T-cells expressing Vβ2 
correlate with larger lesion size - Due to relationship be-
tween clinical features and immune response in CL, we 
verified whether the frequency of CD8+ T-cell express-
ing Vβ2, Vβ12, Vβ13.2 and Vβ22 was associated with 
the size of the CL lesion. An analysis of the PAD data re-
vealed an inverse correlation between frequencies of EM 
and CM CD8+ T-cells expressing Vβ2 and lesion size; 
the greater the lesion size, the lower the frequency of 
EM and CM CD8+ T-lymphocytes expressing Vβ2 (Fig. 
5). No statistically significant correlation was observed 
in PCC and in other evaluated Vβ families.

DISCUSSION

The analysis of the T-cell profiles involved in local or 
systemic immune responses has been shown to be very 
important in clarifying many immunoclinical phenom-
ena, including autoimmunity, response to viral or bacte-
rial superantigens, alloimmunity and tumour immunity 
(Gorski et al. 1994). The establishment of an effective 
immune response against the protozoan Leishmania spp 
is essential to limit or prevent tissue damage and is re-
sponsible for CL outcomes. An important characteristic 
of CL is that most patients, especially in RJ, have a satis-
factory response to antimonial therapy (de Oliveira-Neto 
et al. 2000). Therefore, the treatment may be associated 
with the development of an efficient immune response 
that is able to control the infection.

CL immune response leads to lesion resolution main-
ly through CD4+ T-helper 1 lymphocytes with activation 
of CD8+ T-cells and macrophages/dendritic cells via cy-
tokine production (Da-Cruz et al. 1994, 2002, Barral et 
al. 1995, Coutinho et al. 1996, Brodskyn et al. 1997). 
This response is characterised by an antigenic presen-

Fig. 3: percentage of late-differentiated effector (LDE) CD8+ T-lymphocyte expressing Vβ12 (A) and Vβ22 (B). Statistical analyses were per-
formed by Mann-Whitney U test. Results were considered significant when p < 0.05. Each point represents one subject. HS: healthy subjects (n 
= 18); PAD: patients with active disease (n = 14); PCC: patients clinically cured (n = 11); *: p < 0.05; **: p < 0.01; ***: p < 0.001.
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Fig. 4: percentage of late-differentiated effector memory (EM) CD8+ T-lymphocyte expressing Vβ2 (A) and Vβ22 (B) and of central memory 
(CM) CD8+ T-lymphocyte expressing Vβ2 (C) and Vβ13.2 (D). Statistical analyses were performed by Mann-Whitney U test. Results were con-
sidered significant when p < 0.05. Each point represents one subject. HS: healthy subjects (n = 18); PAD: patients with active disease (n = 14); 
PCC: patients clinically cured (n = 11); **: p < 0.01; ***: p < 0.001.

Fig. 5: correlation analysis between lesion size and frequency of effector memory (EM) (A) and central memory (CM) (B) CD8+ T-lymphocyte 
expressing Vβ2. The lesion size is correlated negatively with frequency of EM CM CD8+ T -lymphocytes from patients with active disease (n 
= 14). The central line represents medians values and the graphs show the best fitted lines with 95% confidence interval. The lesion size was 
measured through the largest diameter (mm). Statistical analyses were performed by Spearman test. Results were considered significant when 
p < 0.05. Each point represents one subject. r: correlation coefficient.
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tation with the involvement of particular Vβ families 
to guide to antigen-specific immunological events, in-
cluding T-cell activation and the triggering of effector 
and regulatory mechanisms. Some authors suggest that 
CD8+ T-lymphocytes have a central role in the process 
of healing CL resolution (Bertho et al. 2000, Toledo et 
al. 2001, Da-Cruz et al. 2002, Colmenares et al. 2003, 
Bousoffara et al. 2004, Rostami et al. 2010a, Ferraz et 
al. 2015). Another study suggests that the high frequen-
cies of CD8+ T-lymphocytes in the CL lesion milieu sup-
port the hypothesis that these cells may be involved in 
the healing process of lesions (Da-Cruz et al. 2005) and 
the IFN-γ production of CD8+ T-lymphocytes correlates 
with the control of infection (Rostami et al. 2010b). In 
contrast, some reports have suggested that cytotoxicity 
may be involved in CL pathology (Novais et al. 2013, 
Cardoso et al. 2015) and others have shown that the high 
expression of IFN-γ increases cytotoxic activity, which 
may be responsible for the lack of control of the inflam-
matory response in mucosal leishmaniasis (Faria et al. 
2005). Thus, faced with the paradoxical role of CD8+ T-
cells linked to immune responses in CL (Novais & Scott 
2015), we may assume that a particular expansion or con-
traction of specific Vβ in CD8+ T-lymphocyte TCR may 
be associated with disease control or its progression.

The analysis of individual T-cell subsets based on 
their TCR expression is a powerful tool for studying T-
cell responses, allowing for the evaluation of the diversi-
ty and distribution of different clones in peripheral blood 
from CL patients. Our analysis of the total CD8+ T-lym-
phocyte Vβ repertoire revealed a polyclonal distribution 
that includes the expression of 24 different Vβ chains by 
all studied individuals. Although all Vβ families includ-
ed in our study were expressed by CD8+ T-cells, we ob-
served a heterogeneity in the frequency of expression of 
different families that comprise the repertoire, as some 
chains, such as Vβ3 and Vβ8, had a tendency to be more 
frequently expressed in the three studied cohorts, where-
as others, such as Vβ16 and Vβ18, were less frequently 
expressed. These data corroborate those reported by oth-
ers, showing that CD4+ and CD8+ T-lymphocytes from 
healthy individuals present a nonrandom usage profile 
of Vβ families (Giacoia-Gripp et al. 2005).

Considering that the Vβ repertoire of healthy indi-
viduals may serve as a parameter for comparing the Vβ 
repertoire in CL patients, we may observe a modulation 
of the repertoire of CD8+ T-lymphocytes both in PAD 
and PCC, suggesting an oligoclonal induction of these 
lymphocytes. According to our analysis of the total 
CD8+ T-cell compartment, we observed a disturbance 
in the expression of some clones/families of TCR/Vβ 
repertoire, such as that of the Vβ2, Vβ9, Vβ13.2, Vβ18 
and Vβ23 families, which showed lower or higher fre-
quencies in CL patients when compared to HS. This may 
indicate that these clones are involved in the response 
against L. braziliensis. It is important to highlight that 
few Vβ chains have been associated with immunopatho-
genesis of CL to date. In the lesions of L. braziliensis-
infected patients, the expansion of Vβ6 has already been 
observed (Uyemura et al. 1993) and, in another report, it 
was suggested that T-lymphocytes expressing Vβ12 are 

involved in the CL immune response (Clarêncio et al. 
2006). Moreover, exposure to Leishmania guyanensis 
preferentially induces CD8+ T-lymphocytes expressing 
Vβ14 (Kariminia et al. 2007). In contrast, in Chagas dis-
ease patients, the preferential expression of Vβ3.1 (Me-
nezes et al. 2004) and Vβ5 (Costa et al. 2000) may be 
associated with the pathology of this disease.

Knowing that naïve and effector LDE, CM and EM 
subsets are inserted in the pool of total CD8+ T-lympho-
cytes, some expansions and contractions of Vβ regions in 
these subsets may be missed in general population analy-
sis. In this context, a particular evaluation of these CD8+ 

T-lymphocyte subset frequencies and their profiles is of 
great interest to investigate the involvement of specific 
clones of CD8+ T-lymphocyte subsets expressing a par-
ticular TCR/Vβ region in the immune response context. 
Therefore, the disturbance of the total CD8+ T-lympho-
cyte repertoire was also observed in at least one of the 
four analysed CD8+ T-lymphocyte subsets, except Vβ18. 
Hence, we determined that these repertoire perturbations 
may be subset-specific and should be studied individu-
ally in each subpopulation, as this expression is not ob-
served in total CD8+ T-lymphocyte populations. Propos-
ing to more clearly understand the differentiation status 
of specific subsets of CD8+ T-lymphocytes based on Vβ 
expression, we performed Vβ repertoire analysis of LDE, 
naïve, EM and CM CD8+ T-lymphocytes. The distribu-
tion of Vβ-clone CD8+ T-lymphocyte subsets in the CL 
patients had not yet been described and an evaluation of 
differences between the frequencies of these subsets rep-
resent one possible method for assessing the role of these 
cell populations in the CL immune response.

T-lymphocytes directly involved in antigen recog-
nition and specific responses may be led to clonal ex-
pansion in response to antigenic presentation or to con-
traction due to chronic re-stimulation and subsequent 
T-cell death (Menezes et al. 2004, Keesen et al. 2011). 
In the present report, we observed high frequencies of 
LDE CD8+ T-lymphocytes expressing Vβ12 and Vβ22 
in PAD, which led us to hypothesise that this cell clone 
selection may be related to this phase of the disease and 
to the LDE roles of these cells. These findings were cor-
roborated by a previous report (Clarêncio et al. 2006) 
that showed that the expansion of CD4+ and CD8+ T-
lymphocytes expressing Vβ12 in CL patients was asso-
ciated with an in vitro proliferation in response to the L. 
amazonensis antigen. Moreover, in vaccinated individu-
als, the increase in IFN-γ production by CD4+ and CD8+ 
T-lymphocytes was associated with higher frequencies 
of both T-cells expressing Vβ12. In a more recent study, 
increased frequencies of CD4+ T-lymphocytes express-
ing Vβ12 after stimulation of PBMC in infected CL pa-
tients with soluble L. braziliensis antigen was observed. 
These findings suggest that Vβ12 could be expanded by 
different species of Leishmania and could be related to 
the LDE status in CL immune responses (Keesen et al. 
2011). Taking all these data together, we contend that 
Vβ12 is actually involved in the anti-Leishmania T-cell 
response and that CD8+ T-lymphocytes expressing Vβ12 
have a central role in the Leishmania-specific immune 
response displaying a LDE profile.
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Because PCC showed lower frequencies of LDE 
CD8+ T-lymphocytes expressing Vβ12, we hypothesise 
that these clones are down-modulated after clinical cure. 
Moreover, we were unable to confirm that CD8+ T-lym-
phocytes expressing Vβ12 were associated with protec-
tive or deleterious effects, but the LDE CD8+ T-cells 
expressing Vβ12 appear to be selected for during active 
disease, suggesting an involvement of these clones in the 
CL immune response.

A similar phenomenon was observed in the LDE 
CD8+ T-lymphocyte subpopulation expressing Vβ22 in 
PAD, suggesting that these clones, as well as Vβ12 CD8+ 

T-cells, may be associated with a LDE role during the 
active phase of CL. Moreover, these Vβ22-expressing 
clones may be activated and/or differentiated in EM 
CD8+ T-lymphocytes, as we observed an expansion of 
these effector-memory cells expressing Vβ22 during ac-
tive disease. Thus, notably, these data indicate that CD8+ 

T-cells expressing Vβ22 may be a candidate clone in-
volved in the effector response as well as in the protec-
tive immune response in CL.

In contrast, we observed a contraction of EM CD8+ 
T-lymphocytes expressing Vβ2 in PAD. Similar results 
were observed by Clarêncio et al. (2006), who showed 
that total CD8+ T-lymphocytes expressing Vβ2, when 
cultured in the presence of antigens of L. amazonensis, 
had a decrease in their frequencies compared to cells 
cultured without antigen stimulation. These authors at-
tributed such decrease to the apoptosis of these clones 
after their antigenic stimulation. Remarkably, we also 
observed this decrease in the frequencies of CM CD8+ 
T-lymphocytes expressing Vβ2 from PAD and the fre-
quency of these clones appears to be restored in PCC. 
Conversely, PCC showed a lower frequency of EM 
expressing Vβ2 when compared to PAD and HS, sug-
gesting a down-modulation of these clones in different 
subsets, depending on the stage of disease. Notably, Me-
nezes et al. (2004) identified a decrease in the frequency 
of activated-CD28+-CD8+ T-lymphocytes expressing 
Vβ2 in patients with Chagas disease. Although Leishma-
nia and Trypanosoma are different parasites and drive 
different pathologies, it is relevant that activated and/or 
LDE CD8+ T-lymphocyte expressing Vβ2 may be modu-
lated and have a key role in the immune response occur-
ring in these two distinct pathologies. An analysis of the 
CM CD8+ T-lymphocyte repertoire revealed observed 
small frequencies Vβ2 CD8+ T-cells from PAD, suggest-
ing a selected down-modulation of these clones in both 
memory subsets of CD8+ T-lymphocytes.

Additionally, the largest lesions found in CL patients 
were correlated to the low frequency found in EM and in 
CM CD8+ T-lymphocytes expressing Vβ2. Because le-
sion size characterises the severity of disease and is con-
sidered to be the most significant clinical feature of CL 
(Oliveira et al. 2011), the low frequency of these memory 
subsets expressing Vβ2 may be associated with the devel-
opment or maintenance of the lesions. We still observed 
low frequencies of both memory subsets expressing Vβ2 
in PAD, suggesting that these memory CD8+ T subsets 
are down-modulated during active disease. We therefore 

hypothesise that CD8+ T-lymphocytes expressing Vβ2 are 
an important clone in the protective immune response.

In conclusion, we have demonstrated that distinct 
CD8+ T-lymphocyte subsets expressing specific Vβ 
families are involved in the immune response of CL pa-
tients infected with L. braziliensis. Particular Vβ expan-
sions suggest that determined TCR/Vβ clones of CD8+ 
T-lymphocytes are selected during the CL immune re-
sponse during disease and/or after antimonial therapy, 
supporting the hypothesis that CD8+ T-lymphocytes 
expressing Vβ12 and Vβ22 are involved in a LDE anti-
Leishmania immune response. In contrast, the TCR/Vβ2 
contractions in memory CD8+ T subsets appear to be a 
result of the down-modulation of these clones during ac-
tive disease, which was associated with tissue damage. 
The identification of antigens in Leishmania that acti-
vate specific Vβ clones is still lacking and we hope that 
our results contribute to the definition of preferentially 
used immunodominant antigens. We therefore argue 
that expansions or contractions of CD8+ T-cells express-
ing Vβ12, Vβ22 and Vβ2 play an important role in the 
anti-Leishmania immune response. Moreover, the infor-
mation gleaned by our study clearly points to specific 
clonally related CD8+ T subpopulations recruited by the 
immune system, with the aim of killing Leishmania par-
asites, leading to the resolution of human CL.
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