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ABSTRACT 

 

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease which results in 

damage to various organs. Some animal studies have revealed that activation of Toll-like 

receptors (TLRs) is important in the pathogenesis of SLE.  

In the present study, the percentage of different immune cell subsets in 35 SLE patients 

and 38 control subjects was analyzed by flow cytometry. We also assessed the expression of 

TLR9 in the population of peripheral blood mononuclear cells (PBMCs) including T 

lymphocytes (CD4+ and CD8+), B lymphocytes (CD19+), NK cells (CD56+) and monocytes 

(CD14+) in SLE patients and healthy controls.  

The results showed that the percentage of CD8+ T lymphocytes and CD14+ monocytes 

were significantly higher (p˂0.001) in the SLE patients than the healthy control subjects. 

Moreover, the percentage of CD56+ NK cells were significantly lower in the SLE patients 

than the healthy control subjects (p=0.001).  

The findings indicated that the expression of TLR9 was significantly higher in CD4+ and 

CD8+ T lymphocytes and CD19+ B lymphocytes of SLE patients than in control subjects (all 

p˂0.05). The difference in TLR9 expression are involved in pathogenesis of the SLE, hence 

it can be used as an indicator for SLE diagnosis.  
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INTRODUCTION 

 

Systemic lupus erythematosus (SLE) is a complex 

systemic autoimmune disorder that is characterized by 

B cell hyperactivity, abnormally activated T cells and 
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other cells of immune system.
1
 There is a ten-fifteen 

times higher frequency of SLE in women.
2 

The exact 

pathogenesis of SLE remains unidentified, but several 

genetic, environmental and hormonal factors are 

involved.
3
 B cells appear essential to the pathogenesis 

of SLE because dysfunctions of these cells result in the 

production of a wide variety of auto-antibodies and 

immune complex deposition in organs.
4
 Autoantibody-

producing B cells may develop by several mechanisms 

including defective negative selection,
4
 inappropriate 

function of complement or inhibitory FC receptors
5,6

 

and stimulation of Toll-like receptors (TLRs).
7,8

 Recent 

studies have shown that some abnormality of the innate 

immune system may also be involved in the 

immunopathogenesis of SLE. TLRs family is one of 

the most important pattern recognition receptors of the 

innate immune system. Toll-like receptors are involved 

in the immunopathogenesis of systemic lupus 

erythematosus.
9
 TLRs can stimulate cell by self-

molecules such as immune complexes comprising 

DNA or RNA.
10,11

 Among TLRs, TLR7 and TLR9 may 

contribute to the immunological response in SLE 

against self-antigens such as single-stranded RNA 

(ssRNA) and DNA, respectively.
12

 Engagement of 

these receptors by specific ligands leads to increased 

expression of proinflammatory cytokines and may 

increase intensity of autoimmune disease.
13

 TLRs 

indirectly play an important role in T cell responses 

through the innate immune system.
14

 Nevertheless, 

expression of TLRs in T cells, also may contribute 

directly to T cell-mediated immune responses.
15

 

Although disturbed PBMCs balance might be 

considered as one of the pathologic mechanisms, there 

are also controversy about role of TLR9 in SLE. 

Hence, in the present study, we analyzed percent of 

CD4
+
 and CD8

+
 T cells, CD19

+
 B cells, CD14

+
 

monocytes, CD56
+
 Natural killer cells and the level of 

TLR9 expression in these cells in patients with SLE 

compared to healthy controls. 

 

MATERIALS AND METHODS 

 

Patients  

Thirty five SLE patients (four males and 31 females; 

age 37∙17±11∙04 years) who met the revised 

classification criteria for SLE from the Shariati 

Hospital of Tehran university of Medical Sciences were 

enrolled in this study from October 2011 to March 

2012. Informed consent was obtained from all the 

patients. 38 sex-and-age normal matched volunteers 

were recruited to serve as healthy control individuals 

(eight males and 30 females). Disease activity was 

scored using the SLE Disease Activity Index 

(SLEDAI).
16

 The study was approved by ethics 

committee of our university and written informed 

consent was obtained from each person prior to 

the study.  

PBMCs Preparation  

Heparinized whole blood samples were collected 

from each individual. PBMCs were prepared using 

Lymphoflot (BioRad, Germany) by density gradient 

centrifugation.  

 

Flow Cytometry 

PBMCs were isolated from whole blood and were 

divided into 1×10
6
 cells per 5 tubes. Each tube 

separately incubated with anti-CD4, -CD8, -CD19, -

CD14, -CD56 fluorescein isothiocyanate (FITC) -

conjugated monoclonal antibodies (BD 

PharmingenTM, San Jose, CA, USA) and then anti-

TLR9 PE-conjogated antibody (Rat IgG2a, κ; BD 

PharmingenTM, San Jose, CA, USA) added to all of 

the tubes as described below. For CD markers, the flow 

cytometric cell surface staining method was used. We 

carried out cell surface staining by adding 10 µl of anti-

human anti-CD marker antibodies conjugated with 

FITC and 100µl staining buffer. Then PBMCs were 

washed once with phosphate-buffered saline. For 

TLR9, the intracellular staining method was used and 

PBMCs fixed and permeabilized using BD 

Cytofix/cytopermTM Fixation/Permeabilization kit 

(San Jose, CA, USA) according to protocol. Then the 

cells were incubated with PE-conjugated monoclonal 

antibody against intracellular TLR9. Briefly, PBMCs 

were first stained with anti-CD marker antibodies, and 

then fixed and permeabilized with BD 

Cytofix/cytoperm TM Fixation/Permeabilization kit for 

20 minutes on ice. Then the cells were incubated  

with TLR9 antibody. PBMCs phenotypes were 

determined using FACS analysis system (Becton-

Dickinson). The percentages of CD4
+
, CD8

+
, CD19

+
, 

CD14
+
, CD56

+
 expressing TLR9 were assessed. Flow 

cytometry data were analyzed using FlowJo® software 

(Treestar Software). In all the experiments, isotype 

controls were included using an appropriate 

monoclonal antibodies. 
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Statistical Analysis 

The results are expressed as means±SEM. Student's 

t test was performed for statistical analysis. p<0.05 was 

considered significant. All calculations were performed 

on SPSS for Windows, version 20. 

 

RESULTS 

 

Percentage of Peripheral Blood Mononuclear Cells 

(PBMCs) in SLE Patients and Control Subjects  

PBMCs were gated according to their forward and 

side scatter characteristics. The target cell population 

was chosen and the percentage of different subsets of 

peripheral mononuclear cells in SLE patients and 

control subjects was identified. The percentage of 

different immune cell subsets in SLE patients and 

control subjects are shown in Figure 1. The results 

revealed that the percentage of CD4
+
 T lymphocytes 

was lower in the SLE patients than the control subjects, 

but this decrease was not significant. On the other 

hand, the percentage of CD8
+
 T lymphocytes was 

significantly higher in SLE patients (p<0.001). The 

ratio of CD4
+
 T lymphocytes to CD8

+
 T lymphocytes 

was significantly lower in SLE patients than control 

group (Figure 2). The percentage of CD19
+
 B cells was 

higher in SLE patients, however it was not significant. 

The percentage of CD56
+
 NK cells was significantly 

lower in the SLE patients than the control group 

(p=0.001). The percentage of CD14
+
 monocytes was 

significantly higher in SLE patients than control group 

(p˂0.001). 
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(b) 

Figure1. Percentage of different immune cell subsets. (a) The percentage of peripheral blood mononuclear cells (PBMCs) in 

patients with SLE and healthy controls (p=0.001, p˂0.001, mean±SE). (b) Representative dot plot analysis of flow cytometry 

showing the gating for peripheral blood mononuclear cells (PBMCs) and histogram Overlay data in patients and healthy 

controls were analyzed using FlowJo® software. 

 

 

Expression of TLR9 on PBMCs  

As shown in Figure 3, the expression of TLR9 was 

significantly higher in CD4
+
 and CD8

+
 T lymphocytes 

and CD19
+
 B lymphocytes of SLE patients than in 

control subjects (all p˂ 0.05). The percentage of TLR9 

was slightly higher in CD56
+
 NK cells of SLE patients 

than in control subjects, however it was not significant. 

TLR9 expression in CD14
+
 monocytes was not 

different between SLE patients and control subjects. 
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Figure2. Ratio of CD4+ to CD8+ T lymphocytes. The ratio of CD4+ to CD8+ T lymphocytes was compared between SLE 

patients and control subjects. (p=0.009, mean ± SEM). 
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Figure3. Expression of TLR9 in different immune cell subsets. The percentage of TLR9 in CD4+ T lymphocytes (p=0.003, 

mean±SEM), CD8+ T lymphocytes (p=0.001, mean±SEM), CD19+ B lymphocytes (p=0.003, mean±SEM), CD56+ NK cells 

(mean±SEM), CD14+ monocytes (mean±SEM) were compared between SLE patients and control subjects. 

 

 

DISCUSSION 

 

In this study, we examined the percentage of 

peripheral blood mononuclear cells in SLE patients and 

compared with control group. We found that the 

percentage of CD8
+ 

T lymphocytes was significantly 

higher and CD4/CD8 ratio was decreased in SLE 

patients. No significant difference was seen in the 

percentage of B cells. Blanko et al. revealed that 

increase in number and function of CD8
+
 T 

lymphocytes may lead to release of higher amounts of 

auto-antigens.
17

 On the other hand increased immune 

complexes may result in cross presentation by dendritic 

cells which lead to differentiation of CD8
+
 T 

lymphocytes.
17,18 

This findings support self-sustaining 

of autoimmunity in SLE.
17

 SLE T cells contribute to a 

skewing of the T cell response towards heightened 

effector and deficient regulatory functions.
3
 Studies 

showed that in SLE disease, T cells are abnormal in the 

phenotype, receptor and signaling, gene transcription, 
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and regulatory lymphocytes.
15

  

Our results showed that the percentage of CD56
+
 

NK cells was significantly lower in the SLE patients 

than the control group. In accordance to our finding, 

Park et al.
19

 reported that percentages and absolute 

numbers of NK cells, cytotoxic activities were 

significantly lower in the peripheral blood of SLE 

patients than in healthy control subjects. Previous 

studies also reported that NK cell numbers and 

activities are reduced in patients with systemic 

autoimmune diseases.
20,21

 B. Hervier et al.
22

 in 

accordance with our study showed that the absolute NK 

cell count was decreased in patients with active SLE. 

This impairment might be due to a defect in T cells 

function which is important in NK cell generation and 

activation. Functional assay for CD8
+
 and NK cells 

may provide better understanding of SLE pathogenesis. 

We showed that the percentage of CD14
+
 

monocytes was significantly higher in SLE patients. 

Recent studies emphasize the importance of innate 

immunity in SLE. Monocytes and macrophages are 

major components of the innate immune system. In 

comply with our findings abnormalities in phenotype 

and function of monocyte are reported in SLE.
23

 A rise 

in the activation of monocytes resulting in immune 

dysregulation has been observed.
24

  

There is several evidence reporting that TLRs as 

another part of innate immunity, participate in the SLE 

autoimmune responses.
25

 The precise effect of TLR9 in 

SLE is not clear and there are controversial findings.
12

 

In the present study the TLR9 expression on different 

subsets of PBMCs also were studied in SLE patients. 

Our findings revealed that the expression of TLR9 was 

significantly higher in CD4
+
 and CD8

+ 
T lymphocytes 

of SLE patients than in control subjects (Figure 3). 

Increased expression level of TLR9 in CD4
+
 and CD8

+
 

T lymphocytes of SLE is in line with the previous 

studies.
25,26

 It has been established that TLRs expressed 

on T cells function as a costimulatory receptor in 

activated T cells.
27

 Previous studies suggested  

evaluation of TLRs expression on T-cell sub-

populations in various autoimmune diseases.
28

 Our 

results showed significant increased expression of 

TLR9 in CD19
+
 B cells from SLE patients. Other 

studies demonstrated that TLR9 expressing proportion 

of plasma cells and memory B cells were higher in 

active SLE patients and TLR9 expression levels of B 

cells were increased in SLE patients.
29,30

 Migita et al. 

and Nakano et al. showed that human peripheral blood 

B cells express TLR9 and its expression is increased in 

patients with SLE. This elevated expression of TLR9 in 

B cells may be related to the abnormal B cell 

hyperactivity in patients with SLE.
30,31

 Our results 

similarly confirmed this augmentation. There is the 

perpetuation of autoimmune responses to nucleic acid 

self-antigens in SLE which is related to TLR9 and 

TLR7.
12

 Immune complexes formed during the 

pathogenesis of SLE bind to FcγRΙΙa on plasmacytoid 

dendritic cells (pDCs) and they be internalized to 

interact with endosomal TLRs. Then pDCs release 

interferon alpha (IFN-α) which influences pDCs for 

being more efficient antigen presenting cell (APC) for 

autoreactive T cells. Immune complexes may trigger B 

cells by engagement of BCR/TLR which results in B 

cell activation and production of autoantibodies. These 

autoantibodies perpetuate formation of immune 

complexes.
12

  

Our results show slight but no significant increase 

of intracellular TLR9 protein expression in CD56
+
 NK 

cells from SLE patients. NK cells present regulatory 

function in normal situation but deleterious role in 

pathogenesis of autoimmune diseases.
32

 Increased TLR 

expression on NK cells was observed in some 

autoimmune diseases.
33,34

 Chronic activation of these 

molecules induce the expansion of atypical NK cells in 

mouse models of SLE.
35

 In the current study, the 

percentage of TLR9 was to some extent increased in 

CD56
+
 NK cells of SLE patients, though it was not 

significant. Further studies will be requisite to 

determine the particular role of NK cells in SLE.  

To put in a nut shell, we showed that PBMCs 

balance is disturbed in SLE patients and difference in 

TLR9 expression can be attributed as an indication of 

functional deviation.  
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