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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is an 
autoimmune and multisystemic disorder resulting from 
loss of immunological tolerance to autoantigens and may 
cause damage to multiple organs (Cui, Sheng, Zhang, 
2013). It is a disease with an incidence that varies from 
4.8 to 8.7 per 100,000 inhabitants within the Brazilian 
population and affects young women during their 
childbearing years (Borchers et al., 2010; Nakashima et 
al., 2011).

Although the causes of SLE are not fully elucidated, 
abnormal functioning of the immune system has been 
demonstrated. There is an imbalance in immune 
proinflammatory and regulatory pathways. B-cells are 
persistently activated, producing autoantibodies, which 
form immunocomplexes that can deposit in organs and 
tissues leading to inflammation and damage (Dolff et al., 
2007; Mathian et al., 2015).

Renal involvement is frequent and is one of the 
most severe manifestations of SLE increasing morbidity 
and mortality. Clinically evident lupus nephritis (LN) 
occurs in up to 50% of the patients, but biopsy studies 
have demonstrated some degree of renal involvement in 
almost all patients (Ichinose et al., 2019; Iwata et al., 2011).

SLE shows periods of activity and remission. SLE 
activity is assessed through the use of indexes that record 
clinical and laboratory manifestations of this disease. 
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Among validated indexes for clinical practice is the 
Erythematosus Systemic Lupus Disease Activity Index 
2000 (SLEDAI-2 K) (Gladman, Ibanez, Urowitz, 2002). 
The disease reflects an imbalance of the adaptive immune 
system involving T and B lymphocytes abnormalities, 
although there is evidence of the importance of innate 
immunity in the pathogenesis of SLE with involvement of 
dendritic cells, neutrophils and macrophages (Schleinitz 
et al., 2010).

Several direct and indirect evidences suggest that 
T cells play a crucial role in the pathogenesis of SLE 
(Dolff et al., 2007). There is increasing evidence that 
T-cell regulatory function is altered and contributes to the 
amplification and perpetuation of the immune response. 
Regulatory T cells (Treg), phenotypically characterized as 
CD4+CD25+ Foxp3+, have an important role in peripheral 
tolerance, suggesting a participation in the control of 
autoimmunity (Takeuchi et al., 2006). Imbalance in 
the adaptive response observed in the levels of helper 
T CD4 cells (Th) (CD3+CD4+) and regulatory CD4+ 
T cell deficiency (Treg) is involved in the pathogenesis 
of SLE. This imbalance is responsible for changes in 
the levels of proinflammatory cytokines observed in 
SLE (Dolff et al, 2011). The main function of CD4+ 
T cells is to modulate adaptive immunity through the 
secretion of cytokines, regulate CD8+ T (CD3+CD8+) 
cell response and participate in the differentiation of B 
cells and antibody-secreting cells (Daca et al., 2011). 

NK cells (CD3-CD56+) are a heterogeneous group 
of large granular lymphocytes that do not express CD3. 
These may be primarily classified into two subpopulations 
depending on the CD56 expression density. About 90% of 
NK cells show low expression of CD56 (CD56dim) and 
are responsible for cytotoxic activity, while the remaining 
10% show significant expression of CD56 (CD56bright) 
having the function of secreting cytokines (Crispin et 
al., 2003). In NK cells, NKG2D is an activation receptor 
that recognizes several stress-induced ligands expressed 
by cancer and virus-infected cells, being essential for 
enhancing NK cytotoxicity (Boerman et al., 2015). Thus, 
we thought that it could be also involved in activation 
pathway in immune-mediated diseases (Rahman, 
Isenberg, 2008). Among the CD3+ T cells is a small 
NK cell fraction expressing CD56 which constitute the 

CD3+CD56+ population, known as NKt. Cheen et al., 
2015 and Green et al., 2007 observed reduced population 
of NKt in patients with SLE.

Elucidation of mechanisms that modulate the 
development of adaptive immunity in SLE patients 
is still a major challenge, which may allow a better 
understanding of the immune system in SLE in its 
different manifestations contributing to the development 
of new therapeutic strategies for SLE. 

In this context, this study aimed to investigate 
phenotypes expression of T, B and NK cells differences 
among SLE patients with active or inactive disease, with 
or without LN, and healthy controls.

MATERIAL AND METHODS

Patients

Twenty-eight SLE female patients according to the 
revised American College of Rheumatology classification 
criteria (Hochberg, 1997) were included. Control group 
consisted of 10 healthy female volunteers, without familiar 
history of rheumatic diseases, matched for patients’s age. 
Patients and controls were enrolled after signing a free 
and informed consent term. This study was approved by 
the Research Ethics Committee of Federal University 
of Minas Gerais (ETIC: 01928412.8.0000.5149), 
Brazil. Demographic (age, gender, socioecomic status) 
characteristics were collected using a standardized 
questionnaire. SLE activity was evaluated with Systemic 
Lupus Erythematosus (SLEDAI)-2K score. Patients with 
SLEDAI-2K≤ 4 were categorized as inactive (SLE-I) (n 
= 17), while SLEDAI-2K > 4 were classified as active 
(SLE-A) (n = 11). History of LN was recorded in 10 SLE 
patients according to previous kidney biopsies results. 
Exclusion criteria for both groups included diagnosis of 
other conditions or immunosuppressive diseases, such 
as HIV infection/AIDS and pregnancy.

Blood Sampling

A sample of 5 mL of peripheral blood was 
collected from each patient or control, with EDTA.K3 
for immunophenotypic profile of T, B and NK cells. 
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After blood collection, samples were submitted to 
immunophenotyping protocol by flow cytometry.

Flow cytometric analysis of peripheral blood 
leukocytes

Immunophenotyping assays of the leukocytes 
were performed according to the protocol of the 
Centre for Infectious Diseases, USA. Briefly, 100 µl 
aliquots of peripheral total blood collected in EDTA 
were added to 5µl of monoclonal antibodies (mAbs) 
specific for human anti-CD3-APC (BD Biosciences) 
(T lymphocytes and NKt population), anti-CD4-FITC 
(Dako), anti-CD8-PE-Cy5 (BD Biosciences), (T CD4 
and T CD8 lymphocytes subpopulations) anti-HLA-DR-
PE (BD Biosciences) (cellular activation), anti-CD19-
PE (BD Biosciences) (B lymphocytes), anti-CD56-PE 
(BD Biosciences) (NK and NKt cells), anti-NKG2D-
PerCP-Cy5.5 (BD Biosciences) (NK cells activation), 
anti-FoxP3-PerCP-Cy5.5 (BD Biosciences) and CD25-
PE (BD Biosciences) (T regulatory cells markers). Cell 
preparations containing the antibodies were incubated 
for 30 minutes at room temperature and protected 
from light. Then, sample hemolysis was performed 
by adding to each tube 2 ml of lysing solution (FACS 
Lysing Solution, Becton Dickinson). Preparations were 
incubated for 10 minutes at room temperature, protected 
from light and then subjected to centrifugation at 400g 
for 5 minutes. Then, leukocytes pellet was washed three 
times in 2 mL of Phosphate-buffered saline (PBS), pH 
7.4, containing 0.5% of bovine serum albumin (BSA) 
and 0.1% sodium azide. Cells were then fixed using 200 
mL of fixing solution (10g/L paraformaldehyde, 1% 
sodium cacodylate, 6.67 g/L sodium chloride, pH 7.4). 
After 10 minutes of fixation, tubes used for intracellular 
labeling were centrifuged at 400g for 5 minutes and 
washed again in PBS to remove the fixing solution. For 
detection of intranuclear marker FoxP3, 1 ml of PBS 
containing saponin solution (PBS, 0.5% saponin) was 
added to perform cell permeabilization. Subsequently, 
tubes were incubated for 30 minutes at room temperature, 
washed once in PBS containing saponin and submitted to 
centrifugation at 400g for 5 minutes and then supernatant 
discarded. A volume of 10μL of anti-FoxP3 antibody was 

added into each tube. After 60 minutes of incubation, 
cells were washed in 1 mL of PBS containing saponin and 
then in 1 ml of PBS only. Finally, 200μL of fixing solution 
were added to the tubes containing the cell suspension, 
and then the data were acquired on a flow cytometer.

Data acquisition was performed in an LSR FortessaTM 
flow cytometer (BD, USA). At least 100,000 events were 
collected in each tube. For data analysis the Flow JoTM 
software (TreeStar Inc.) was used, and the percentage 
of the cell population under study was evaluated by 
calculating the average value of the fluorescence for each 
phenotype studied.

Statistical analysis 

All statistical analysis was performed by GraphPad 
Prism software 6TM. All p values < .05 were considered 
statistically significant. Normal data were analyzed 
by T-Student test and analysis of variance (ANOVA). 
Non normal data were analyzed by Mann-Whitney and 
Kruskal-Wallis tests. To evaluate the normality of the 
variables the Shapiro-Wilk test was performed. 

RESULTS

Patients

Twenty-eight SLE female patients with SLE, aged 
18 - 69 years were recruited, whose clinical data were 
used to calculate the SLEDAI-2 K index which reflects 
the SLE activity [7]. Seventeen patients (age: 39.2; ±12.8) 
presented the inactive SLE form (SLEDAI-2 K ≤ 4) and 
eleven (age: 29.1; ±11.1) the active form (SLEDAI-2 
K > 4). SLE-A group presented a disease duration 
of 7.0 ±7.6 years and SLE-I group of 8.1 ± 3.8 years 
(p=0.855; T-Student). Patients were under treatment and 
drugs such as azathioprine, prednisone (9,2; ±9,3mg) 
and hydroxychloroquine were most used by patients. 
Twelve patients were using azathioprine, 25 were using 
prednisone and 20 were using hydroxychloroquine. It 
was not possible to form a group of non-treated due to 
the limited number of patients.

Ten healthy women, with no previous or family 
history of SLE or autoimmunity, aged from 21 to 89 
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FIGURE 1 - Phenotypic expression (%) comparisons of the population of CD3+CD4+, CD3+CD8+ and CD3+CD8+HLADR+ 
cells among patients with inactive (SLE-I) or active (SLE-A) systemic lupus erythematosus (A), with (LN+) or without (no LN) 
(B) lupus nephritis and control group (NC). ANOVA, T-Student. Significance: p <0.05.

years-old (37.0, ±18.6) comprised the negative control 
group (NC). The age between the study groups did not 
show any difference when evaluated through ANOVA 
test (p = 0.267). Patients who developed Lupus Nephritis 
(LN) underwent biopsy to assess the extent and severity 
of renal injury. Four patients with LN were classified 
as having class II, four as class III and two as class IV, 
according to WHO/ISN/RPS criteria (Soares, Telles, 
Moura, 2005).

Phenotypic analysis of CD4+ and CD8+ T cells

The population of CD3+CD4+ T cells was decreased 
in SLE patients (SLE-I, SLE-A, with or without LN) when 
compared to NC group. On the other hand, CD3+CD8+ 
T cells expression was significantly increased in all 
SLE patients subgroups, and the population of activated 
CD8+ T cells (CD3+CD8+HLADR+) was also increased 
in SLE-A, with or without LN when compared to NC 
(Figure 1 A and B). 
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Phenotypic analysis of B cells

Population of CD19+ B cells was significantly 
decreased in inactive SLE patients, when compared to 
NC. No difference was observed in patients presenting 
LN or not, suggesting that CD19+ B cells decrease in 
SLE is not a feature of LN.

Phenotypic analysis of NK cells

Populat ions of  CD3-CD56+ and CD3-
CD56+NKG2D+ (used as a marker of cell activation) NK 
cells were similar among all SLE patients groups and NC. 
NKt (CD3+CD56+) population, however, was decreased 
in patients with active SLE with LN, when compared 
to NC, and patients witn inactive SLE or without LN. 
An increased expression of NKG2D was observed after 
analysis of MFI of CD3+CD56-NKG2D+ in patients with 
LN compared to the control group (p=0.011, T-Student) 
and the population without LN (p=0.026, T-Student) (data 
not shown).

DISCUSSION

The complexity of the pathophysiology of SLE is 
consequent to changes that occur in the immune system 
resulting from genetic susceptibility and environmental 
factors. Comparison among the three groups showed 
that the subpopulation of NKt cells decreased only in 
patients with active disease. This finding is important 
once NKt may have a role in discriminating among those 
with active disease, however under treatment, which may 
have impact on the treatment. Populations of effector 
CD4+ showed decreased in patients with both inactive 
or active SLE compared to control group. Regulatory 
T cells were decreased in patients with active SLE. In 
contrast, the population and activation of CD8 T cells 
showed elevated in patients with SLE.

SLE is an autoimmune disease characterized by 
defects of the immune cell subsets. Despite the improved 
understanding of the immune response mechanisms 
that lead to tissue damage in SLE, the contribution of 
other immune cells such as T cells, NK cells, B cells 
and regulatory T cells, needs further studies. This study 

FIGURE 2 - Phenotypic expression (%) comparisons of CD3+CD4+CD25highFoxP3+ (regulatory) T cells among patients with 
inactive (SLE-I) or active (SLE-A) systemic lupus erythematosus (A), with (LN+) or without (no LN) lupus nephritis (B) and 
control group (NC). ANOVA, T-Student. Significance: p <0.05.

of CD3+CD4+CD25highFoxP3+ cells was reduced 
in SLE-A patients and in patients with no LN, when 
compared to NC (Figure 2 A and B).

Phenotypic analysis of regulatory T cells 

Analysis of regulatory T cells was performed 
using CD3, CD4, CD25 and FoxP3 markers. Population 
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investigated the occurrence of phenotypic alterations that 
could clarify and/or discriminate individuals with SLE 
and the status of the disease (active or inactive). 

CD4 cells are thought to be the primary lymphocytes 
subpopulation involved in SLE autoimmune response. 
In the present study, a decrease in the percentage of 
CD3+CD4+ cells was observed in the patients group 
compared to the control group (Figures 1A and 1B) in 
accordance with previous studies (Dolff et al., 2011; 
Le Coz et al., 2013; Yu et al., 2012). This abnormality 
could be explained by the inhibition of the maturation 
of CD3+CD4+ cells due to the immunosuppressive state 
of individuals with SLE (Li et al., 2010).

Regulatory T cells (CD3+CD4+CD25+FoxP3+) are 
a lineage that express the transcription factor FoxP3. 
Studies differ according to the decrease in the number 
and function of these circulating cells in patients 
with SLE (Bijl et al., 2001; Kleczynska et al., 2011). 
Regulatory T cells have the ability to inhibit the response 
of autoreactive T cells and prevent exuberant immune 
responses directed against foreign antigens (Bijl et al., 
2001; Kleczynska et al., 2011). Only cells with a high 
expression of CD25+ show potent regulatory action and 
are selected in flow cytometry to characterize regulatory 
T cells (Daca et al., 2011). In the present study, we have 
been characterizing the population expressing the 
CD3+CD4+CD25highFoxP3+. The percentage of these 
cells was significantly lower in the peripheral blood of 
patients (Figure 2A). Lower cell counts were also observed 
in SLE patients without nephritis (Figure 2A and 2B). 
Decreasing in regulatory T cells promote uncontrolled 
progression of autoimmune diseases including SLE, since 
these cells have immunosuppressive properties and can 
modulate the development of autoimmune diseases (Tang, 
Bluestone, 2008), and it has been reported in several 
autoimmune disorders. Recently, a follow-up study by 
Goropevšek et al., 2017, showed a more severe disease 
course on SLE patients who had lower-level counts of 
regulatory T cells. However, no difference was found 
between patients and controls for SLE patients with 
nephritis (Alvarado-Sánchez et al., 2006; Goropevšek 
et al., 2017). In these cases, it cannot be ruled out that 
inflammatory mediators produced by the damaged renal 
tissue itself could block the proliferation of regulatory 

T cells, after a certain time of disease, as demonstrated 
by Afzali et al., 2010. 

The role of cytotoxic CD8+ T cells in the defense 
against viral agents or organ-specific autoimmune disease 
is well documented (Rahman, Isenberg, 2008), but it 
is still unexplored in SLE. In the present study it was 
observed that percentage and activation of CD8+ T cells 
were increased in SLE patients compared to the controls. 
And the number of CD8+ T cells is correlated with disease 
activity, since it is also elevated in nephritis and may be 
responsible for the increased production of autoantigens 
(Blanco et al., 2005) (Figure 1A and 1B). These findings 
are in agreement with other studies (Bijl et al., 2001; 
Wouters et al., 2004) and despite the important role of this 
cell phenotype in the defense against infectious agents, 
the role of CD8+ T cells in SLE is unclear, having been 
the object of study over the last few years. 

Previous reports (Crispin et al., 2010; Li et al., 2010) 
have shown that the increase in CD8+ T cell population 
is due to γδ type CD8+ T cells that help in the activation 
of CD4+ T cells. Depletion of CD8 T cells reduces 
the severity of disease in experimental autoimmune 
glomerulonephritis (Rahman, Isenberg, 2008). The 
mechanism that leads to high activation of CD8+ T cells 
may be a consequence of the action of dendritic cells that, 
due to the presence of immunocomplexes, lead to a cross-
presentation of these antigens causing an increase in the 
number of activated CD8+ T cells (Blanco et al., 2005).

NK cells (CD3-CD56+) participate in innate 
immunity but also affect adaptive immune response. They 
are described as modulators of autoimmune diseases and 
stimulate the antibody production by B lymphocytes, 
but their role in the pathology of SLE is still unclear 
(Guo et al., 2012; Schepis et al., 2009). When activated, 
NKt cells (CD3+CD56+) represent a heterogeneous cell 
population, produce proinflammatory cytokines and 
degranulate granzymes or other cytotoxic components 
(Cho et al., 2011). Some authors have observed a reduced 
population of NKt with an impaired function in patients 
with SLE and this reduction could be correlated with 
the disease activity (Cheen et al., 2015; Green et al., 
2007). These results are in agreement with the findings 
of this study which has also found significantly reduced 
levels of NKt cells in patients with active disease. This 
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FIGURE 3 - Phenotypic expression (%) comparisons of CD19+ B cells among patients with inactive (SLE-I) or active (SLE-A) 
systemic lupus erythematosus (A), with (LN+) or without (no LN) lupus nephritis (B) and control group (NC). ANOVA, 
T-Student. Significance: p <0.05.

cellular phenotype decreasing in SLE can be attributed 
to defects in co-stimulatory pathways, where NKt cells 
activation and proliferation could be inhibited by the 
reduction in the expression of the co-stimulatory molecule 
CD26 (Green et al., 2005; Green et al., 2007). Therefore, 
additional studies could bring new insights on the various 
subpopulations of NKt cells and their relationship with 
active SLE. The data obtained in this study showed no 
difference in total percentage of circulating NK cells 
(Figure 4A and 4B), or their subpopulations, between SLE 
patients and the control group. This finding differs from 
results observed in other studies for these phenotypes 
which have shown decreases in patients with SLE (Ahearn 
et al., 2012; Henriques et al., 2013). According to Green 
et al., 2005, a smaller number of circulating NK cells 
was observed and also with lower cytotoxic potential. 
Deficiency of NK cells in SLE may contribute to the 
changes in the immune system, but it remains unclear 
if these changes are related to disease activity. In the 
present study, we observed an increase in the expression 
of NKG2D on CD3+CD56- cells of patients with LN. 
This marker is expressed on NK cells, but can also be 
found in CD8+ cells and play an important role in the 
activation of these cells together with additional activation 
signals (Spada et al., 2015). Greater expression of this 
marker in patients with lupus nephritis could indicate 
increased activity of these cells in these patients, and 

possibly contribute to renal injury. Spada et al., 2015, 
observed an increased expression of NKG2D ligands 
in lupus-prone mice’s glomerulus correlated to a lupus 
nephritic process. Moreover, no difference was observed 
in the expression of NKG2D markers in CD3+CD56- cells 
among those individuals with lupus and those without 
nephritis and NC. 

B cells are important in the pathogenesis of SLE, 
since they are related to the presentation of autoantigens, 
production of autoantibodies and cytokines. In this 
context, it becomes relevant that these cells can also exert 
an immunosuppressive effect by secreting, for example, 
IL-10 capable of inhibiting differentiation of CD4+ cells. 
B cells are usually at low number in SLE, and we cannot 
rule out the existence of reactive autoantibodies against B 
lymphocytes that deplete them and decrease their number 
(Ben et al., 2014; Chang et al., 2008). 

The expression of CD19 on peripheral blood from 
SLE patients was lower than in the control group and 
is in agreement with some reports in literature (Figure 
3A e 3B) (Dolff et al., 2007; Zhu et al., 2018). This 
finding is also in accordance with lower number of T 
cells CD4 (Figure 1), and we must consider that these 
cells are responsible for B cells’ activation and expansion 
process. Thus, this cellular phenotype, although reduced 
in this autoimmunity, can be a good diagnostic/prognostic 
marker (Zhu et al., 2018).
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CONCLUSION

The present study sought to show phenotypic 
differences between active and inactive forms of SLE. 
It was demonstrated a reduction in T CD4, regulatory T 
and B cells compared to control, as well in NKt cells in 

patients with active form of the disease. By other hand, 
an increase of T CD8 cells was observed compared to 
healthy individuals. Data obtained in this study suggest 
a dysregulation in the immune response in patients 
with SLE and the occurrence of phenotypic alterations 
according to the disease status. 

FIGURE 4 - Phenotypic expression (%) comparisons of CD3-CD56+, CD3-CD56+NKG2D+ (activated) and CD3+CD56+(NKt) 
NK cells among patients with inactive (SLE-I) or active (SLE-A) systemic lupus erythematosus (A), with (LN+) or without (no 
LN) lupus nephritis (B) and control group (NC). ANOVA, T-Student. Significance: p <0.05.
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Although many questions related to the pathogenesis 
of SLE remain unanswered, it is possible that the 
progression of the disease results from a disruption 
in Treg cell-dependent peripheral self-tolerance. Our 
findings concerning regulatory T cells in patients with the 
active form of the disease indicate this loss of tolerance.

Among the parameters investigated in the present 
study, NKt cells were the only parameter significantly 
different between the active and inactive forms of SLE, 
suggesting that evaluation of these cells may play an 
important role in monitoring this complex disease. 
Therefore, these preliminary findings should guide the 
design of new studies to examine the relationship between 
subpopulations of NKt cells and disease activity. 

This study may contribute to a greater knowledge 
about the pathogenesis of SLE in our population 
confirming some changes in the immune system of 
these patients. These changes are important in guiding 
strategies to control and develop new forms of treatment 
that may eventually provide a more effective response 
to the target population. New tools that predict the 
worsening of the disease also deserve to be investigated 
and are of great importance in adopting early actions 
in SLE.

CONFLICT OF INTEREST:

The authors of this study declare no relevant conflicts 
of interest.

ACKNOWLEDGMENTS: 

To the Rheumatology Service of Santa Casa from 
Belo Horizonte, Minas Gerais, Brazil, for their valuable 
collaboration in patient recruitment. To patients for 
participating in this study.

FUNDING:

This work was supported by Conselho Nacional de 
Desenvolvimento Científico e Tecnológico – CNPq (Grant 
number 474622/2012-6), Fundação de Amparo à Pesquisa 
do Estado de Minas Gerais – FAPEMIG (Grant number 
APQ/01342-12) and Coordenação de Aperfeiçoamento 

de Pessoal de Nível Superior – CAPES (Scholarship for 
Cristina de Mello Gomide Loures).

AUTHORS’ CONTRIBUTIONS:

CMGL - conducted the experiments and drafted 
the manuscript; TMPBG - handwriting the manuscript; 
KSF - collected and processed the samples; MVSF - 
collected and processed the samples; LCVA - collected 
and processed the samples and manuscript submission; 
WBC - collected and processed the samples; FMFC 
- reviewed the cytometry analyzes; RVC - evaluation 
and recruitment of participants; CLSN - evaluation 
and recruitment of participants; PMP - evaluation 
and recruitment of participants; LIS - assisted in the 
standardization of antibodies; JDM - assisted in the 
statistical analysis; VPCPT - purchase of reagents and 
handwriting; MGC - Contribution to the writing of the 
manuscript and purchase of reagents.

REFERENCES

Afzali B, Mitchell P, Lechler RI, John S, Lombardi G. 
Translational mini-review series on Th17 cells: induction 
of interleukin 17 production by regulatory T cells. Clin Exp 
Immunol. 2010;159(2):120–130.

Ahearn JM, Liu CC, Kao AH, Manzi S. Biomarkers for 
Systemic Lupus Erythematosus. Transl Res. 2012;159(4):326–
342.

Alvarado-Sánchez B, Hernández-Castro B, Portales-Pérez 
D, Baranda L, Layseca-Espinosa E, Abud-Mendoza C, 
et al. Regulatory T cells in patients with Systemic Lupus 
Erythematosus. J Autoimmun. 2006;27(2):110–118.

Ben ERRD, Prado CH, Baptista TSA, Bauer ME, Staub HL. 
Patients with Systemic Lupus Erythematosus and secondary 
antiphospholipid syndrome have decreased numbers of 
circulating CD4+CD25+Foxp3+ Treg and CD3– CD19+ B 
cells. Rev Bras Reumatol. 2014;54(3):241–246.

Bijl M, Horst G, Limburg PC, Kallenberg CG. Fas expression 
on peripheral blood lymphocytes in Systemic Lupus 
Erythematosus (SLE): relation to lymphocyte activation and 
disease activity. Lupus. 2001;10(12):866–872.

Blanco P, Pitard V, Viallard JF, Taupin JL, Pellegrin JL, 
Moreau JF. Increase in activated CD8+ T lymphocytes 
expressing perforin and granzyme B correlates with disease 



Page 10/11	 Braz. J. Pharm. Sci. 2023;59: e20052

Cristina M. G. Loures, Tânia M. P. D. Guimarães, Karine S. Ferreira, Marcos V. F. Silva, Luan C. V. Alves, Walter B. Cicarini, Fernanda F. C. Nunes,  
Renato V. Consoli, Cláudia L. S. Neiva, Paulo M. Pádua, Luara I. Santos, Josimar D. Moreira, Vicente P. C. P. Toledo, Maria G. Carvalho

activity in patients with Systemic Lupus Erythematosus. 
Arthritis Rheum. 2005;52(1):201–211.

Boerman GH, van Ostaijen-ten Dam MM, Kraal KC, Santos 
SJ, Ball LM, Lankester AC, et al. Role of NKG2D, DNAM-
1 and natural cytotoxicity receptors in cytotoxicity toward 
rhabdomyosarcoma cell lines mediated by resting and IL-
15-activated human natural killer cells. Cancer Immunol 
Immunother. 2015;64(5):573-83.

Borchers AT, Naguwa SM, Shoenfeld Y, Gershwin ME. 
The geoepidemiology of Systemic Lupus Erythematosus. 
Autoimmun Rev. 2010;9(5):277–287.

Chang NH, McKenzie T, Bonventi G, Landolt-Marticorena 
C, Fortin PR, Gladman DD, et al. Expanded population 
of activated antigen-engaged cells within the naive 
B cell compartment of patients with Systemic Lupus 
Erythematosus. J Immunol. 2008;180(2):1276–1284.

Cheen J, Wu M, Wang J, Li X. Immunoregulation of NKT 
Cells in Systemic Lupus Erythematosus. J Immunol Res. 
2015;2015:206731.

Cho YN, Kee SJ, Lee SJ, Seo SR, Kim TJ, Lee SS, et al. 
Numerical and functional deficiencies of natural killer T cells 
in Systemic Lupus Erythematosus: their deficiency related to 
disease activity. Rheumatology (Oxford). 2011;50(6):1054–
1063.

Crispin JC, Martinez A, Alcocer-Varela J. Quantification 
of regulatory T cells in patients with Systemic Lupus 
Erythematosus. J Autoimmun. 2003;21(3):273–276.

Crispin JC, Keenan BT, Finnell MD, Bermas BL, Schur P, 
Massarotti E, et al. Expression of CD44 variant isoforms 
CD44v3 and CD44v6 is increased on T cells from patients 
with Systemic Lupus Erythematosus and is correlated with 
disease activity. Arthritis Rheum. 2010;62(5):1431–1437.

Cui Y, Sheng Y, Zhang X. Genetic susceptibility to SLE: 
recent progress from GWAS. J Autoimmun. 2013;41:25–33.

Daca A, Czuszyńska Z, Smoleńska Z, Zdrojewski Z, 
Witkowski JM, Bryl E. Two Systemic Lupus Erythematosus 
(SLE) global disease activity indexes--the SLE Disease 
Activity Index and the Systemic Lupus Activity Measure-
-demonstrate different correlations with activation 
of peripheral blood CD4+ T cells. Hum Immunol. 
2011;72(12):1160–1167.

Dolff S, Wilde B, Patschan S, Dürig J, Specker C, Philipp 
T, et al. Peripheral circulating activated b-cell populations 
are associated with nephritis and disease activity in patients 
with Systemic Lupus Erythematosus. Scand J Immunol. 
2007;66 (5):584–590.

Dolff S, Bijl M, Huitema MG, Limburg PC, Kallenberg 
CG, Abdulahad WH. Disturbed Th1, Th2, Th17 and T(reg) 

balance in patients with Systemic Lupus Erythematosus. 
Clin Immunol. 2011;141(2):197–204.

Gladman DD, Ibanez D, Urowitz MB. Systemic Lupus 
Erythematosus disease activity index 2000. J Rheumatol. 
2002;29(2):288–291.

Goropevšek A, Gorenjak M, Gradišnik S, Dai K, Holc I, Hojs 
R, et al. Increased Levels of STAT1 Protein in Blood CD4 
T Cells from Systemic Lupus Erythematosus Patients Are 
Associated with Perturbed Homeostasis of Activated CD45RA-
FOXP3hi Regulatory Subset and Follow-Up Disease Severity. J 
Interferon Cytokine Res. 2017;37(6):254–268.

Green MR, Kennell AS, Larche MJ, Seifert MH, Isenberg 
DA, Salaman MR. Natural killer cell activity in families of 
patients with Systemic Lupus Erythematosus: demonstration 
of a killing defect in patients. Clin Exp Immunol. 
2005;141(1):165–173.

Green MR, Kennell AS, Larche MJ, Seifert MH, Isenberg 
DA, Salaman MR. Natural killer T cells in families of 
patients with Systemic Lupus Erythematosus: their possible 
role in regulation of IGG production. Arthritis Rheum. 
2007;56(l):303–310.

Guo H, Xu B, Gao L, Sun X, Qu X, Li X, et al. High 
frequency of activated natural killer and natural killer T-cells 
in patients with new onset of type 2 diabetes mellitus. Exp 
Biol Med (Maywood). 2012;237(5):556–562.

Henriques A, Teixeira L, Inês L, Carvalheiro T, Gonçalves A, 
Martinho A, et al. NK cells dysfunction in Systemic Lupus 
Erythematosus: relation to disease activity. Clin Rheumatol. 
2013;32(6):805–813.

Hochberg MC. Updating the American College of 
Rheumatology revised criteria for the classification 
of Systemic Lupus Erythematosus. Arthritis Rheum. 
1997;40(9):1725.

Ichinose K, Kitamura M, Sato S, Fujikawa K, Horai Y, 
Matsuoka N, et al. Factors predictive of long-term mortality 
in lupus nephritis: a multicenter retrospective study of a 
Japanese cohort. Lupus. 2019;28:295–303.

Iwata Y, Furuichi K, Kaneko S, Wada T. The role of cytokine 
in the lupus nephritis. J Biomed Biotechnol. 2011;594809.

Kleczynska W, Jakiela B, Plutecka H, Milewski M, Sanak M, 
Musial J. Imbalance between Th17 and regulatory T-cells in 
Systemic Lupus Erythematosus. Folia Histochem Cytobiol. 
2011;49(4):646–653.

Le Coz C, .Joublin A, Pasquali JL, Korganow AS, Dumortier 
H, Monneaux F. Circulating TFH Subset Distribution Is 
Strongly Affected in Lupus Patients with an Active Disease. 
PLoS One. 2013;8(9):e75319.



Cell phenotypes as activity biomarkers in patients with Systemic Lupus Erythematosus 

Braz. J. Pharm. Sci. 2023;59: e20052	 Page 11/11

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

Li WX, Pan HF, Hu JL, Wang CZ, Zhang N, Li J, et al. Assay 
of T- and NK-cell subsets and the expression. of NKG2A 
and NKG2D in patients with new-onset Systemic Lupus 
Erythematosus. Clin Rheumatol. 2010;29:315–323.

Mathian A, Hie A, Cohen-Aubart F, Amoura Z. Targeting 
interferons in Systemic Lupus Erythematosus, Current and 
future prospects. Drugs. 2015;75(8):835–846.

Nakashima CAK, Galhardo AP, Silva JFM, Fiorenzano GR, 
Santos ABS, Leite MFS, et al. Incidência e aspectos clínico-
laboratoriais do Lúpus eritematoso sistêmico em cidade do 
Sul do Brasil. Rev Bras Reumatol. 2011;51(3): 235-239.

Rahman A, Isenberg DA. Systemic Lupus Erythematosus. N 
Engl J Med. 2008;358(9):929–939.

Schepis D, Gunnarsson I, Eloranta ML, Lampa J, Jacobson 
SH, Kärre K, et al. Increased proportion of CD56bright 
natural killer cells in active and inactive Systemic Lupus 
Erythematosus. Immunology. 2009;126(1):140–146.

Schleinitz N, Vély F, Harlé JR, Vivier E. Natural killer cells in 
human autoimmune diseases. Immunology. 2010;131(4):451–
458.

Spada R, Rojas JM, Pérez-Yagüe S, Mulens V, Cannata-
Ortiz P, Bragado R, et al. NKG2D ligand overexpression in 
lupus nephritis correlates with increased NK cell activity and 
differentiation in kidneys but not in the periphery. J Leukoc 
Biol. 2015;97(3):583–598.

Soares MF, Telles JEQ, Moura LA. Classifications of lupus 
nephritis: metanalysis and the ISN/RPS proposal. J Bras 
Nefrol. 2005;27(3):157–162.

Takeuchi T, Tsuzaka K, Kameda H, Amano K. Molecular 
abnormalities of T-cells in Systemic Lupus Erythematosus. 
APLAR J Rheumatol. 2006;9(4):365–371.

Tang Q, Bluestone JA. The Foxp3+ regulatory T cell: a jack of 
all trades, master of regulation. Nat Immunol. 2008;9:239–244.

Wouters CH, Diegenant C, Ceuppens JL, Degreef H, 
Stevens EA. The circulating lymphocyte profiles in patients 
with discoid lupus erythematosus and Systemic Lupus 
Erythematosus suggest a pathogenetic relationship. Br J 
Dermatol. 2004;150(4):693–670.

Yu S, Fujio K, Ishigaki K, Shoda H, Okamura T, Noor T, et al. 
Increased concentration of serum soluble LAG3 in Systemic 
Lupus Erythematosus. Arthritis Res Ther. 2012;14(1):16.

Zhu L, Yin Z, Ju C, Zhang J, Wang Y, Lv X, et al. Altered 
frequencies of memory B cells in new-onset Systemic Lupus 
Erythematosus patients. Clin Rheumatol. 2018;37(1):205–212.

Received for publication on 12th July 2020
Accepted for publication on 03rd February 2021


